
14 November 2024

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Learning sustainable building by doing architectural detail models / Montacchini, Elena; Lacirignola, Angela. -
ELETTRONICO. - (2024), pp. 884-891. (Intervento presentato al  convegno First International Conference on
Sustainable Energy Education – SEED 2024 tenutosi a València (ESP) nel 3 - 5 July 2024)
[10.4995/seed2024.2024.19007].

Original

Learning sustainable building by doing architectural detail models

Publisher:

Published
DOI:10.4995/seed2024.2024.19007

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2992975 since: 2024-10-01T13:37:40Z

Editorial Universitat Politècnica de València



First International Conference on 
Sustainable Energy Education 

(SEED 2024) 
 

 

 

Book of proceedings 
 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

 

 

 

 

 

First International Conference on 
Sustainable Energy Education 

(SEED 2024) 

Valencia, Spain, 3-5 July 2o24 
 

 

 

 

 

 

 

 

 

 

 



Congress UPV 
Proceedings of the First International Conference on Sustainable Energy Education (SEED 2024) 

The contents of this publication have been double-blind peer-reviewed by the Program Committee. 

© Scientific Editors 
Elena de la Poza Plaza 
Amparo Blázquez-Soriano 
Ruijing Wang 
Annamaria Sereni 

© Texts   The authors 

© Publisher 
2024, Editorial Universitat Politècnica de València 
Cno. de Vera, s/n. 
46022 Valencia (SPAIN) 

 www.lalibreria.upv.es   /   Ref.: 6795_01_01_01 

ISBN   978-84-1396-271-9 

DOI   http://dx.doi.org/10.4995/SEED2024.2024.19007 

First International Conference on Sustainable Energy Education (SEED 2024) 

This book is licensed under a Creative Commons Atribution-NonCommercial-ShareAlike-4.0 International license 

Editorial Universitat Politècnica de València  http://ocs.editorial.upv.es/index.php/SEED/SEED2024 



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Organizing Committee 

General chair 

Elena de la Poza Plaza, Universitat Politècnica de València 

Vice-chair 

Amparo Blázquez-Soriano, Universitat Politècnica de València 

Scientific committee 

Martijn Rietbergen, University of Applied Science Utrecht 

Mariola Guarinos, AVAESEN 

Evridiki Mantela, Bioeconomy and Environment Cluster Western Macedonia 

Semih Severengiz, Bochum University of Applied Sciences 

Local organization 

María Natividad Guadalajara Olmeda, Universitat Politècnica de València 

Pedro Fuentes Durá, Universitat Politècnica de València  

Ruijing Wang, Universitat Politècnica de València  

Annamaria Sereni, Politecnico di Milano 

Alberto Celani, Politecnico di Milano 

i



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Program Committee 

Maria Ángeles Alcaide González, Universitat de València 

Catarina Afonso, Instituto Politécnico de Leiria 

Joyce Aguiar, Centre for Research in Higher Education Policies 

Ingrid Ahrens Massey, Northeastern State University 

Safaa Al Tameemi, Munster Technological University 

Rolando Angel-Alvarado, Universidad Pública de Navarra 

Elisa Alen, University of Vigo 

Nazim Ali, Keele University 

Paula Álvarez Huerta, Mondragon Unibertsitatea 

Inmaculada Aranaz, Universidad Complutense De Madrid 

Núria Arenas Peiró, IES Maria Ibars, Denia 

Pablo Arés Gastesi, CEU San Pablo 

Sami Areva, Solar Finland Ltd 

Elena Arroyo, Universidad Complutense de Madrid 

Sarah Aynsley, Keele University 

Mercedes Elisa Aznar Jimenez, Florida Universitària 

Johan Baldeon, Pontificia Universidad Católica del Perú 

Robert Barthorpe, University of Sheffield 

Mª Elvira Barrios Espinosa, University of Málaga 

Anita Batisti, Fordham University 

Fernando Battista, Università di Roma Tre 

Mi-Yong Becker, Bochum University of Applied Sciences 

Werner Beyerle, Karat EDV Ltd & Co KG 

Lucía Bellés Calvera, Universitat Jaume I 

Dina Berzina, University of Latvia 

ii



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Jorrit Bock, Royal Haskoningdhv 

Sofia-Natalia Boemi, Cluster of Bioeconomy and Environment of Western Macedonia 

Montserrat Boronat Navarro, Universitat Jaume I 

Naomi Braithwaite, Nottingham Trent University 

Alma Maria Cabanes Machancoses, CIPFP Vicente Blasco Ibáñez, València 

Maria Giulia Cantiani, University of Trento 

Javier Carballeira Morado, Universitat Politècnica de València 

Daniela Casiraghi, Politecnico di Milano 

Valeria Caviezel, University of Bergamo 

Alberto Celani, Politecnico di Milano 

Cristiana Cervini, University of Bologna 

Guido Charosky, Universitat Politècnica De Catalunya  

Augusto Cocorullo, University of Naples Federico II 

Todd Cochrane, Nelson Marlborough Institute of Technology 

Pauline Collins, University of Southern Queensland 

Erika Corradini, University of Southampton 

Jelena Davidova, Daugavpils University 

Raúl De Arriba Bueno, Universitat de València 

Diane Debacker, University of Kansas 

Jiska De Groot, University of Cape Town 

Olga Maria Diaz Godoy, Universidad de Los Llanos 

Stefanos Dodouras, Cluster of Bioeconomy and Environment of Western Macedonia 

Faith Dowelani, University of Pretoria 

Yolanda Echegoyen Sanz, Universitat de València 

Katalin Eklicsné Lepenye, University of Pécs 

Estefanía Mourelle Espasadín, Universidade da Coruña 

Ana Estima, University of Aveiro 

iii



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Juraj Fabus, Zilinska Univerzita V Ziline 

Yannis Fallas, Cluster Of Bioeconomy And Environment Of Western Macedonia 

Jonathan Fanning, University of York 

Miguel Ferrando Rocher, Universidad de Alicante 

Paula Figas, Kempten University of Applied Sciences 

Tania Fernández Navarro, Regional General Directorate of Vocational Training (GVA) 

Nuno Flores, Universidade do Porto 

Efrén Forcada Gallén, CIPFP Vicente Blasco Ibáñez, València 

Pedro Fuentes, Universitat Politècnica de València 

Diego Galego, University Aveiro 

César García, Universidad Politécnica de Madrid 

Moisés García Morales, Universidad de Huelva 

Suzanne Gatt, University of Malta 

Stefanos Gerardis University of Western Macedonia 

Ramón Gero, Eiffage SA 

Giorgio Giorgi, Universidad Complutense de Madrid 

Tanja Glusac, Curtin University 

Boudewijn Grievink, Katapult 

Mariola Guarinos Ripoll, Avaesen 

Maria Lucia Guerrero Farias, Universidad de Los Andes 

Rabah Halabi, Oranim College 

Minna Harju, Raisio Regional Education and Training Consortium 

Jessica Harris, State University of New York 

Aleksi Heinonen, Turku University of Applied Sciences 

Kalle Hentula, Salo Solar Ltd 

Katrin Herget, University of Aveiro 

Fionna Heuff The Raisio Regional Education and Training Consortium 

i�



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Carme Huguet, Universidad de Los Andes 

Gerben Huiszoon, Scalda 

Valasia Iakovoglou, Unesco and International Hellenic University (Ihu) 

Nagore Ipiña, Mondragon Unibertsitatea 

Marinela Istrate, University of Iasi 

Magdalena Jiménez, University of Granada 

Beatriz Jimenez Parra, Universidad de León 

Isabel João, Instituto Superior de Engenharia de Lisboa 

Kostas Karamarkos, Just Transition Institute 

Natassa Kazantzidou, IDEC 

Monique Keevy, University of Johannesburg 

Kimmo Keinästö, RASEKO 

Marlena Kilian, Cardinal Stefan Wyszynski University 

Andreas Knie, Berlin Social Science Center 

Theofano Kollatou, University of Western Macedonia 

Safak Korkut, University of Applied Sciences and Arts Northwestern Switzerland 

Miriam Korstanje, Katapult 

Athina Krestou, University of Western Macedonia 

Angelique Kritzinger, University of Pretoria 

Aleksandra Kulpa-Puczynskaǡ���i����������������Ï���������������Ñ��i��� 

Emmanuel Kypraios, Maynooth University 

Ignacio Laiton Poveda, Instituto Técnico Central Bogotá 

Damian Lampert, Universidad Nacional de Quilmes 

María Landín, Universidad Veracruzana 

Yvette Lanting, University of Applied Science Utrecht 

Jan Lauwerijssen, Roc Midden Nederland 

Anna Logan, Dublin City University 

�



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Pauline Logue, GMIT, Atlantic Technological University 

Gaia Leandri, Università Degli Studi Di Genova 

Carlos Lerma Elvira, Universitat Politècnia de València 

Luca Andrea Ludovico, Università degli Studi di Milano 

Bence Lukacs, Technische Hochschule Nürnberg Georg Simon Ohm 

José Manuel Luna Vicente, IES La Marxadella, Torrente 

Inese Lusena Ezera, Liepaja Universiy 

Nicolaas Luwes, Central University of Technology 

Francesco Maria Mancini, Curtin University 

Marco Manfra, University of Ferrara 

Evridiki Mantela, Bioeconomy and Environment Cluster Western Macedonia 

George Marnellos, Aristotle University of Thessaloniki 

Stergios Maropoulos, University of Western Macedonia 

Susana Martí Sendra, IES María Ibars, Denia 

Teresa Martín García, Universidad de Salamanca 

Robert Martínez Carrasco, Universitat Jaume I 

Mónica Martínez Gómez, Universitat Politècnica de València 

Loreto Mate Satué, Universidad de Zaragoza 

Lorena Mathien, SUNY Buffalo State 

Eleonora Mattarelli, La Sapienza University 

Valeria Medarova, School of Management Bratislava 

Noemí Merayo, Universidad de Valladolid 

Paloma Merello Gimenez, Universitat de València 

Carla Isabel Montagud Montalva, Universitat Politècnica de València  

Gemma Montalvo, University of Alcalá 

Elvira María Montañés Brunet, Universitat de València 

Darlinda Moreira, Universidade Aberta 

�i



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Ana S. Moura, University of Porto 

Giulia Mura, Università Degli Studi di Milano-Bicocca 

Gabrielle Murray, RMIT Univeristy 

Gundeea Narrainen, University of Mauritius 

Annie W.Y. Ng, Hong Kong University of Science and Technology 

Nikos Ntavos Cluster of Bioeconomy and Environment of Western Macedonia 

María Isabel Núñez Peña, University of Barcelona 

Paul O’Leary, Waterford Institute of Technology 

Cesar Ortega-Sanchez, Curtin University 

Valentina Pagani, CISRE, Cà Foscari University fo Venice 

Ayanda Pamella Deliwe, Nelson Mandela University 

Maria Isabel Pardo Baldoví, Universitat de València 

Cristina Pardo García, Universitat de València 

Bartolomé Pascual Fuster, Universitat de les Illes Balears 

Preeti Patel, London Metropolitan University 

Dieter Pawelczak, Universitat der Bundeswehr Muenchen 

Priyeshni Peiris Perera, University of Visual & Performing Arts 

Úrsula Pérez, Ampere Energy 

Jesus Perez Dasilva, University of The Basque Country 

Adamaria Perrotta, UCD 

Margarida Pinheiro, Universidade de Aveiro 

Rosalina Pisco Costa, Universidade Nova de Lisboa 

Antonella Poce, University of Modena and Reggio Emilia 

Dimitri Prandner, Johannes Kepler University of Linz 

Natalija Prokofjeva, Riga Technical University 

Tomi Raassina, Salo Tech Ltd 

Justin Rami, Dublin City University 

�ii



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Mario Ramírez, Universidad de San Carlos de Guatemala 

Càndid Reig Escrivá, Universitat de València 

Marta Retamosa Ferreiro, Universidad de Castilla-La Mancha 

Martijn Rietbergen, University of Applied Science Utrecht 

Elina Riivari, University of Jyvaskyla 

Clementina Rios, Universidade do Porto 

Iñigo Rodríguez, University of Almería 

Marta Rojo Arce, University of Burgos 

Alina Romanovska, Daugavpils University 

Carlos Jesus Rosa Jiménez, Universidad de Málaga 

Birgit Rösel, OTH Regensburg 

Angelique Ruiter, University of Applied Science Utrecht 

Daniel Sampaio, IPMAIA – Instituto Politécnico da Maia 

Juan Antonio Sánchez Serrano, IES Antonio Navarro Santafé, Villena 

Jessica Sandland, Massachusetts Institute of Technology 

Sirats Santacruz, Mondragon Unibertsitatea 

Antoinette Schembri, University of Warwick 

Corinne Scicluna, University of Malta 

Vicente Sebastián Alapont, Grupo Etra 

Semih Severengiz, Bochum University of Applied Sciences 

Olena Shliakhovchuk, Universitat Politècnica de València 

Aleksandrs Skvorcovs, RISEBA University of Business, Arts and Technology 

Oscar Smeets Roc Midden Nederland 

Stephan Sommer, Bochum University of Applied Sciences 

Noelia Ángel Soriano Regional General Directorate of Vocational Training (GVA) 

Dimitrios Stimoniaris, University of Western Macedonia 

Asya Stoyanova-Doycheva, University of Plovdiv 

�iii



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Conradus Suhre, University of Groningen 

Fátima Suleman, Instituto Universitário de Lisboa (ISCTE-IUL), DINAMIA’CET 

Hong Tao, Hong Kong University of Science and Technology 

Maria Teresa Tascon, University of León 

Orlanda Tavares, A3ES 

Tatjana Titareva, RISEBA University 

Tobi Thompson, Northeastern State University 

Vicente Ramon Tomas Lopez, Universitat Jaume I 

Pedro Fresco Torralba, AVAESEN 

Ana Cristina Torres, Universidade do Porto 

Martha Liliana Torres Barreto, Universidad Industrial de Santander 

Dragos Truscan, Åbo Akademi University 

Teemu Tuomela The Raisio Regional Education and Training Consortium 

Emma Arianna Manuela Turian, Northeastern Illinois University 

Gorka Unzueta, Mondragon Unibertsitatea 

Mara Valente, University of Roma Tre 

Yorrick Van Bree, Katapult 

Frans Van den Akker, Royal Haskoningdhv 

Tess Van der Hoek, Katapult 

Lenny Van Onselen, University of Applied Science Utrecht 

Eneko Jokin Uranga Santamaria, University of The Basque Country 

Elisabetta Venezia, University of Bari Aldo Moro 

Guilherme Victorino, Universidade Nova de Lisboa 

Cristina Vilaplana-Prieto, University of Murcia 

Domenico Vito, Università degli Studi di Pavia 

Inta Volodko, Riga Technical University 

Zuzana Vranayová, Technical University of Kosice 

i�



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Olli Vuorinen, RASEKO 

Domenik Wolff-Boenisch, Curtin University 

Jennifer Wood, Prifysgol Aberystwyth University 

Angela Wright, Munster Technological University 

Katerina Zdravkova, University Ss. Cyril and Methodius 

Ana Zorio Grima, Universitat de València 

�



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Supporters 

This project has received funding from the European Union’s EACEA.A – Erasmus+, EU 
Solidarity Corps under grant agreement No 101056147 

�i



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Technical Partner 

Sponsor 

�ii



Conference on Sustainable Energy Education – SEED 2024 
Valencia, Spain, 3 - 5 July 2024 

Prologue 

This volume contains the selected extended abstracts of the First International 
Conference on Sustainable Energy Education (SEED 2024) held in Valencia, Spain 3-5 
July 2024. 

In its first edition, the SEED conference has become the leading forum for lecturers of 
vocational training and higher education, researchers, policymakers, and practitioners 
to exchange ideas and experiences and tackle the challenges of the energy transition 
to facilitate well-equipped learners, students, professionals, and suitable labor capacity 
in an environment in which technologies constantly evolve.  

During the conference, the partners have co-created and increased not only regional 
cooperation but also transnational cooperation. Good practices and innovative 
approaches for learning with impact have been exchanged in the form of oral and 
poster presentations and developed in the form of workshops. 

The SEED conference was designed as the strategic tool for transnational learning and 
cooperation of the European-funded project CoVE SEED (Centre of Vocational 
Excellence – Sustainable Energy Education), focused on providing excellent and 
innovative education to become a fossil-free energy world.  

SEED sees education as an important driver for innovation and growth, agile in 
adapting to the labor market. The objectives of the conference and ultimately the 
project are therefore focused on innovative energy education that meets the needs of 
the labor market:  a) Preparing learners, students, and professionals with skills and 
competencies for the future; b) Empowering regional innovation based on regional 
needs; c) Upscaling and promote work-based education, and will lead to d) The 
establishment of an international learning community and e) establishment of Centres 
of Vocational Excellence (CoVES).  

The CoVE SEED project consists of educational providers (EQF level 2-7), working 
professionals, and policymakers from Spain, The Netherlands, Greece, Germany, and 
Finland. The result is an international community dedicated to sustainable energy 
continuously growing by activities such as the SEED conference. and   Funded by the 
European Union. Erasmus+, EU Solidarity Corps under grant agreement No 101056147. 

The selection of the scientific program was co-directed by Dr. Elena de la Poza Plaza, 
Dr. Amparo Blázquez Soriano, Dr. Martijn Rietbergen, Ms. Mariola Guarinos, PhD 
candidate Evridiki Mantela, and Dr. Semih Severengiz, who led a team of 220 program 
committee members representing 33 countries in five continents. 

Following the call for papers, the conference received 180 extended abstracts and 30 
workshops from 35 different countries. At least two program committee members 
reviewed all the submitted extended abstracts under a double-blind review process. 
The proposal for workshops was also peer-reviewed by the scientific committee. 
Finally, 114 extended abstracts were accepted to be presented during the conference: 
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85 as oral presentations and 29 as posters. All of them are published by the UPV Press 
in this volume. In addition, 18 workshops were accepted to be hosted during the 
conference. The assessment and selection process ensures a high-quality program 
greatly valued by the research and practitioners’ communities. 

Considering both the origin of the participants and of the program committee 
members, 53 different countries in total are represented. This demonstrates the great 
international dimension of the event and how we succeeded in our strategy for 
transnational learning through the SEED conference. 

SEED also featured four Keynote Speakers and one Honored Guest Speaker who 
overviewed important current topics: Prof. Francisco Beltrán from KTH Royal Institute 
of Technology in Sweden discussed the Nordic approach to sustainable energy 
education. Dr. Débora Domingo and Dr. Nuria Matarredona from Universitat 
Politècnica de València, Msc. Davide Roletto from Climology and Msc. Eugenio 
Domínguez Amarillo from Hybrid Energy Storage Solutions Ltd. discussed Priorities for 
Sustainable Energy Education. The session was moderated by SEED Honored Guest 
Speaker Prof. Dr. Edward. S. Rubin from Carnegie Mellon University. 

The conference was hosted by the Faculty of Business Administration and 
Management of the Universitat Politècnica de València, ranked as the best technical 
university in Spain by the Academic Ranking of World Universities (ARWU) since 2018. 
Valencia is a city of culture and heritage. It is the third largest city in Spain, and its 
location on the shore of the Mediterranean Sea provides its citizens and visitors with 
privileged weather. 

The organizing committee would like to thank our supporters and sponsors, especially 
Istobal who made this conference a great success. Also, thanks are indebted to the 
invited speakers, authors, program committee members, reviewers, session chairs, 
presenters, supporters, and all the attendees.  

Our final words of gratitude must go to the Faculty of Business Administration and 
Management of the Universitat Politècnica de València for supporting and making it 
possible to become a great event. 

Elena de la Poza Plaza 
Amparo Blázquez Soriano 

Ruijing Wang 
Annamaria Sereni 

Scientific Editors 
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Learning sustainable building by doing architectural detail models 

Elena Montacchinia, Angela Lacirignolaa  
aDepartment of Architecture and Design, Politecnico di Torino, Italy  

Abstract 

The paper presents the outcomes of an experimental didactic activity aimed at developing 
three-dimensional architectural details models starting from the exploration of "zero cost" 
materials and products. This activity was proposed to students in the first year of the degree 
course in Architecture at Politecnico di Torino, as part of the course Culture and 
Fundamentals of Architectural Technology. 

By considering the building as the set of spatial and technical elements characterised by their 
function and relationships, the process of architectural detail modelmaking allows students 
to understand the functional roles of the different building components, and to explore how 
different elements and materials integrate to realize a sustainable and energy-efficient 
building. 

Furthermore, the choice of using waste or recycled materials has brought the students closer 
to sustainability issues, in particular focusing on material recovery and the circular economy. 
The students creatively explored the 'zero-cost' materials available to them, selecting those 
that visually or tactically alligned with the characteristics of the architectural element they 
intend to model. 

The models were collected in a book. The result is an unusual open access catalogue of 
architectural details easy to understand, made by architecture students for architecture 
students. 

Keywords: architectural technology; technical element models; sustainable building; 
learning by doing. 
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1. Introduction: hands-on activity and modelmaking as learning tool 

In this increasingly digitized world, physical models still play a strategic role in teaching 
architectural design and architectural technology. There are several benefits: from providing 
a tactile and interactive experience that helps the creative process flow, to contributing a 
better understanding of scale and proportion, and enabling exploration of a building’s 
structural systems, components and material. 

In several national and international schools of architecture, the hands-on activity of physical 
prototyping is a well-established and widely practised activity, and the learning-by-doing 
approach is considered a distinctive element in the teaching process (Paris, 2017). 

A learning by doing approach has been adopted for several years by the Architecture 
Technology research group of the Politecnico di Torino. In collaboration with the Laboratory 
of Innovative Technological Systems (LaSTIn), the research group conducts many 
experiences where the development of prototypes plays a key role, intended both as a 
learning tool and as a research and experimentation tool (Fasano et al., 2023).  

However, students generally develop their technology model at the end of their course of 
study, or even at the time of the dissertation if this is of an experimental nature and uses 
prototyping as a research tool. Instead, the paper describes an experience that aimed to 
explore the possibility of introducing architectural modelmaking in the first year as a real 
learning tool (Eppinger and Ulrich, 2012) ( Mayuk ������ç���ǡ�͚͚͘͘Ȍ. 

Students thus had the opportunity to use the model not only to represent compositional and 
typological choices, but as a tool to study in an experimental way the features of materials, 
components and construction systems and their interrelation in the building system. The aim 
is to train the skills and competences needed to identify the criteria for choosing between 
alternative technical options during the design phase of a sustainable building, according to 
a Hands-on Learning Experience approach (Yildirim et al.,2014; Pak and De Smet, 2022). 

2. How to build models: an experiential working methodology  

The didactic experimental activity aimed at developing three-dimensional models of 
architectural details is part of the activities we carried out within the Culture and 
Fundamentals of Architectural Technology course in the first year of the Architecture degree 
program at Politecnico di Torino. The course intends to provide students with an initial 
framework of theories, methods and tools useful for understanding and learning how a 
sustainable building is made. 

The course includes lectures on architectural technology, meetings, seminars and practical 
activities. Meetings and seminars make it possible to collect direct testimonies from 
designers, companies and experts in the construction sector enabling deeper exploration of 
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specific topics by gaining knowledge, skills and experiences. Practical activities, such as visits 
(virtual and physical) to materials libraries, construction sites and companies, help students 
to understand material, technological and performance features of building elements, as well 
as how materials and building components are connected, combining theoretical study with 
the observation of objects and their manipulation. A series of exercises on the analysis, 
comprehension and graphical representation of technological systems completes the 
training course.  

In this context, modelmaking of technological details fits in. The idea of assigning this type 
of exercise, linked to the concepts of learning by doing, arase during at the special moment 
of the pandemic - when teaching was conducted exclusively remotely - to provide students 
with the opportunity to engage in a hands-on activity. Working with waste materials, using 
what you have ‘at hand’ without the need to buy specific materials, had the advantage of 
placing all students in the same conditions. Furthermore, the choice to use waste or recycled 
materials brought students closer to sustainability issues, in particurarly concerning material 
recovery and the circular economy. Packaging, textile waste, household items, food 
packaging are materials that are available and accessible to everyone, and can be processed 
with low-tech technologies that we all have, such as glue, tape, scissors.  

The students were asked: to identify a technical element of the building envelope; to 
creatively explore 'zero-cost' materials available to them, selecting those that visually or 
tactically aligned with the characteristics of the element to be modelled; to develop a three-
dimensional model, on a proportional scale, highlighting materials and components.  

Different approaches were employed to develop models, resulting in a wide variety of 
solutions: all-round, embossed, single-material or prevalent material models, of different 
sizes. Some students paid particular attention to packaging, graphic composition and model 
presentation.  The exercise was developed individually and independently.  During the final 
exam, the model presentation facilitated discussion on sustainability issues and validated 
understanding of the functional roles of the different materials and components that 
characterize the building system and the principles of energy efficiency. 

3. Architectural detail models 

Each student chose the detail to model from those discussed during theory lessons and 
graphically explored in previous drawing exercises. 

These are the main technical elements of the building envelope that detrmine thermal 
exchanges with the surrounding environment and therefore the energy efficiency:  

− Foundation Systems, in particular ground floor with ventilated cavities;  
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− various alternatives of the Wall Systems (brick wall, dry-built wall, e.g.) and their 
connections with the Floor Systems; 

− Roof Systems with the different technical solutions of flat, green or pitched roofs. 

The models were catalogued specifying for each one: the technological system and elements, 
the different functional layers represented, the size and the list of 'zero cost' materials used. 

Some of the most commonly used materials were: packaging materials, such as cardboard, 
bubble wrap, polyethylene sheets; scraps from other modelling activities, such as Laminil or 
vegetable cardboard cuttings; materials and objects commonly found at home, such as 
different types of sponges, coffee capsules, gauze, surgical masks, caps, cloth. 

These waste materials took on different functions within the various models, depending on 
the different material interpretations given by the students. For example, dish sponges 
represented insulation material well, but when appropriately coloured, they also became the 
substrate of a green roof; egg cups were used as formwork for the ventilated crawl space in 
the ground floor, but also as a draining layer of the green roof. 

3.1 Foundation Systems  

The Foundation Systems section encompasses a variety of technological solutions related to 
the building’s connection to the ground. The most frequently represented solution is the 
ground floor with a ventilated crawl space with disposable formwork. Egg cups, plastic bottle 
bottoms and biscuit containers were useful waste materials used to represent disposable 
polypropylene formwork; paper and plastic straws, along with various types of tubes, well 
represented ventilation pipes for the ventilation of the crawl space; foam rubber and 
corrugated cardboard were assimilated as insulation materials. 

Fig. 1 – Foundation System Model (Card n. 002 - Open Access Catalogue) 

 

Source: Lacirignola and Montacchini, 2023 
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3.2 Wall Systems and Floor Systems 

The models in this section represent different technological alternatives of external walls and 
intersection details between the wall systems and floor systems. 

Different types of walls were explored: brick walls with external, internal or cavity insulation, 
x-lam panel walls, wood-framed systems, ventilated facades; combined with traditional brick 
slab solutions or more innovative steel or x-lam solutions. 

Hydrophilic cotton, dish sponges, Plumbers Hemp, all represent insulation materials with 
different characteristics and density; corrugated cardboard was largely used to represent 
brick blocks; toothpicks, wooden ice-cream sticks, wire were used as support structures for 
ventilated facade cladding. 

Moreover, in floors, nails and steel wire represented the rebar and various types of tubes were 
used for the pipes of the underfloor heating system. 

Fig. 2 – Wall and Floor System Model (Card n. 36 - Open Access Catalogue) 

 

Source: Lacirignola and Montacchini, 2023 

3.3  Roof systems 

In the Roof Systems section, the green roof system was the favourite among the students. 

For green roofs, students crafted the vegetation layer using dry leaves, stabilised moss, 
fabric, plastic or paper flowers and leaves. Dish sponges were a useful material for 
representing the different layers of the green roof technology package; sponges with an 
abrasive side were used to create the substrate and vegetation with a single material; egg 
cups, pill blisters, coffee capsules represented the drainage layer; surgical masks rapresented 
the filtration layer. 
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Fig.3 – Roof System Model (Card n. 79 - Open Access Catalogue) 

 

Source: Lacirignola and Montacchini, 2023 

4. Results and Conclusion 

An exhibition was the first opportunity to present three-dimensional models of architectural 
details at the School of Architecture. Like the models, the exhibition itself was built at 'zero 
cost' using recycled materials and waste from previous installations. 

Fig.4 – Detail models exhibition 

 

Source: Own elaboration 

Then, the presentation of the models in the form of an open-access catalogue [Lacirignola 
and Montacchini, 2023], made them available as a tool for studying and exploring the 
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technical elements of the building and highlighted how it is possible to use waste or recycled 
materials to make models and understand their function. 

The catalogue is annualy expanded with new models and holds an educational and training 
value for students. Within it they find the suggestion to adopt a working methodology based 
on the synergetic use of several forms of representation to understand objects and on hands-
on experimentation to reinforce theoretical knowledge. Furthermore, it offers a collection 
that becomes a working tool for understanding the functional roles, layers and components 
that characterise the main parts of an energy-efficient building. 

Thanks to its simple and accessible language, the catalogue serves not only as a learning tool, 
but also as an informative resource for anyone who wants to approach architectural 
technology and 'understand' how a building is made. 

The experimental didactic activity described in the article, which refers to the learning-by-
doing approach associated with the principles of the circular economy, proved useful and 
interesting and engaged students in understanding the fundamentals of architectural 
technology in a funny way. 

This experience represents a step forward in architecture schools, where this approach is not 
so obvious and widespread and where students generally do not find many opportunities in 
the educational curriculum to challenge with in-field learning. 

Overall, this is a methodology that can be replicated in other contexts, not only in 
architecture schools and not only in higher education, because it is able to combine learning, 
practical approach and even a little creativity. A way to bring the younger generation closer 
to the themes of circular economy and sustainability. 
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