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ABOUT

PLEA Association is an organization engaged
in a worldwide discourse on sustainable ar-
chitecture and urban design through annual
international conferences, workshops and
publications. It has created a community of
several thousand professionals, academics
and students from over 40 countries. Partici-
pation in PLEA activities is open to all whose
work deals with architecture and the built en-
vironment, who share our objectives and who
attend PLEA events.

PLEA stands for “Passive and Low Energy
Architecture”, a commitment to the develop-
ment, documentation and diffusion of the
principles of bioclimatic design and the ap-
plication of natural and innovative techniques
for sustainable architecture and urban de-
sign.

PLEA serves as an open, international, inter-
disciplinary forum to promote high quality
research, practice and education in environ-
mentally sustainable design.

PLEA is an autonomous, non-profit associa-
tion of individuals sharing the art, science,
planning and design of the built environment.

PLEA pursues its objectives through interna-
tional conferences and workshops; expert
group meetings and consultancies; scientific
and technical publications; and architectural
competitions and exhibitions.

Since 1982 PLEA has been organizing highly
ranked conferences that attract both academ-
ia and practicing architects. Past Conferences
have taken place in the United States, Europe,
South America, Asia, Africa and Australia.

After almost a decade the PLEA conference
is coming back to South America, Santiago
(Chile), to be organized by the Pontifical
Catholic University of Chile (PUC). Inevitably,

the theme of PLEA 2022 is inspired by the
current pandemic which has put the whole
world on alert and makes us rethink our built
environment in terms of health and safety.
Whereas due to its current social unrest and
significant social divide Santiago and South
America in general provides a great ground
to talk about inequalities and revisit social
movements, that spanned around the globe
from Lebanon, France to Chile and other
countries just before the pandemic hit.

The aim of the PLEA 2022 is to question the
whole idea of a city, the way we inhabit and
use them generating the definitive inflection
point that a sustainable city requires.

For decades, the climate crisis has been de-
manding our action and commitment. Nu-
merous efforts to reach an international con-
sensus via climate summits, such as COP25,
and Paris Agreement have not had any ex-
pected results yet. However, even though
the COVID-19 pandemic has intensified the
sense of urgency, many talks about climate
change were put on hold during 2020, when
the new virus put the world on alert.

In no time it has become a global issue and
provoked various reactions from political
leaders around the world—from absolute
denial to the harshest restrictions—adjusting
and learning in the process by trial and error.

This process has not been easy as COVID-19
highlighted critical deficiencies in our built
environment and urban design. Even though
infections battered affluent areas too, the pan-
demic hit the hardest when the virus reached
sectors with high rates of poverty. Dense
neighborhoods and overcrowded buildings
could facilitate the rapid spread of infections
due to the difficulty of generating social dis-
tancing and the application of extensive quar-
antines.

Yet, various changes have been adopted
rapidly. Hygiene protocols, wearing masks,
social distancing and other strategies has
become part of our ordinary life. On top of
that, the use of public spaces, streets, parks,
homes and all buildings had to be adjusted
to control the spread of the virus transform-
ing our habits and conception of them. Nu-
merous studies showed great variations in the
use of transportation during the pandemic
too. But the questions are: are those changes
here to stay? What does the future hold for
our built environments?

Some even go as far as to question: Will cit-
ies survive? While many intellectuals and ac-

GOAL AND THEME

ademics call for the end of cities (at least as
we know them), some stakeholders urge to
return to normality, or so-called status quo.

Is this the last opportunity to effectively build
a healthy, livable and equitable city? It is clear
that cities can no longer be conceived as be-
fore and it is time to question the way we in-
habit and use them. What are the standards,
mechanisms and criteria to define a sustain-
able city and building? Do they respond to
the problems and deficiencies in the age of
emergency? History shows us how cities re-
acted to and changed after health crises sim-
ilar to COVID-19; this is the time to question
everything around us and strive for environ-
mentally sustainable and socially just cities.

The aim of PLEA 2022 is to be a relevant part
of the discussion and bring about proposals
to the developing and developed world. It is
a great chance to talk about the changes that
affected cities around the globe since the
start of the pandemic and bring the scientific
knowledge generated in this short time to the
discussion.

Social inequality should also be a part of the
debate as both health and climate emergen-
cies may further increase the injustice and, at
the same time, the inequality may make such
crises worse. Latin America, as the most un-
equal region, and Chilean case might serve
as a great example of such issues and could
become a source of inspiration to find the de-
finitive inflection point that a truly sustainable
city requires.
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WELCOME TO SANTIAGO DE CHILE

Dynamic and cosmopolitan Santiago is a vital
and versatile city. Home to many events show-
casing the very best of Chilean culture, it also
hosts superb international festivals of sound,
flavor and color. The Chilean capital breathes
new life into all its visitors!

The city's diversity shines through in its many
contrasting neighborhoods. Set out to ex-
plore the city streets and you'll discover beau-
tiful and original art galleries, design shops
and handicraft markets, as well as a great se-
lection of restaurants, bars and cafes. Night
owls can enjoy a taste of lively Latino nightlife
in hip Bellavista!

Visit downtown Santiago to get a real feel for
the city. Learn more about the country in its
many fine museums, or wander around the
famous Central Market — a gourmet's delight.

Fans of the great outdoors can head for the
hills that surround the city and marvel at pano-
ramic views of Santiago with the magnificent
Andes as a backdrop. Take the opportunity to
grab a picnic and visit one of the city’s many
parks.

In Chile there are places that have not seen
a drop of rain in decades, while there are
others where the rain brings out the green in
the millenial forests.

This diversity captivates and surprises its visi-
tors. Because, as a consequence of its geog-
raphy, Chile has all the climates of the planet
and the four seasons are well differentiated.
The warmest season is between October and
April and the coldest, from May to Septem-
ber.

The temperature in Chile drops down as you

travel south. In the north, the heat of the day
remains during the day while the nights are
quite cold. The central area has more of a
Mediterranean climate and the south has
lower temperatures and recurring rainfall
throughout the year.

The conference will be held at the Centro de
Extensién de la Pontificia Universidad Catdli-
ca de Chile, located at Avenida Libertador
Bernardo O'Higgins 390, Santiago, Metro-
politan Region. Universidad Catdlica subway
station, Line 1

The Center is located in the center of the city
of Santiago, with excellent connectivity to the
rest of the city and the most characteristic
neighborhoods of the capital, either through
the Metro network (Line 1) or other means of
public transport such as Transantiago (Santia-
go's public bus network).

To make your hotel reservations, we rec-
ommend looking in the Providencia or Las
Condes districts, close to Metro Line 1. We
also have some suggestions for accommoda-
tion close to the conference venue.

1. Sustainable Urban Development

— Regenerative Design for Healthy and Re-
silient Cities

— Sustainable Communities, Culture and So-
ciety

— Low Carbon Neutral Neighbourhoods,
Districts and Cities

— Urban Climate and Outdoor Comfort

— Green Infrastructure

— Urban Design and Adaptation to Climate
Change

2. Sustainable Architectural Design

— Resources and Passive Strategies

— Regenerative Design

— Energy Efficient Buildings

— Net-zero Energy and Carbon-neutrality in
New and Existing Buildings

— Vernacular and Heritage Retrofit

— Building Design and Adaptation to Climate
Change

3. Architecture for Health and Well-being
— Comfort, IAQ & Delight

— Thermal Comfort in Extreme Climates

— IAQ and Health in Times of Covid-19

— Comfort in Public Spaces

4. Sustainable Buildings and Technology
— Renewable Energy Technologies

— Energy Efficient Heating and Cooling Sys-
tems

— Low Embodied Carbon Materials

— Circular Economy

— Nature-based Material Solutions

— Water Resource Management and Efficien-

cy

WILL CITIES SURVIVE?: TRACKS

5. Analysis and Methods

— Simulation and Design Tools

— Building Performance Evaluation

— Surveying and Monitoring Methods

— User-building Interaction and Post-occu-
pancy Evaluation

6. Education and Training

— Architectural Training for Sustainability &
Research

— Professional Development

— Sustainable Initiatives and Environmental
Activism

— Methods and Educational Practices

— Strategies and Tools

7. Challenges for Developing countries
— Energy poverty

— The Informal City

— Climate Change Adaptation

— Affordable Construction and Architecture
Strategies

— Urban Planning and Urban Design Policies
for Sustainable Development

— Housing and urban Vulnerability
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Between July 2022 and July 2022 she
served as a member of Chile’s constitu-
tional convention. She is currently back
to teaching at the Universidad de Antofa-
gasta.

Chilean scientist, doctor and politician who
conducts research in microbiology, microbi-
al ecology, limnology and geomicrobiology.
She is also an associate professor in the De-
partment of Biotechnology of the Faculty of
Marine Sciences and Natural Resources at
the University of Antofagasta. From July 2021
to July 2022 she served as a member of the
Constitutional Convention representing Dis-
trict No. 3, which represents the Antofagasta
Region.

Her achievements include the coordination in
Chile of the Extreme Environments Network
for the study of ecosystems in the geographic
extremes of Chile and having developed bio-
technological tools to value the unique prop-
erties of some altiplanic

microbial communities such as resistance
to ultraviolet radiation to elaborate cosmetic
creams, joining the field of cosmetic Biotech-
nology. She has also led application projects

CRISTINA
DORADOR

Keynote speaker
CHILE

such as the development of textile material
using the photoprotective properties of altip-
lanic bacteria.

She was a member of the transition council
of the National Commission for Scientific and
Technological Research in 2019 that gave
rise to the National Agency for Research and
Development of Chile, and has been recog-
nized nationally and internationally as one of
the most relevant researchers in Chile.

ADRIANA
ALLEN

Keynote Speaker
ARGENTINA

Professor of Urban Sustainability and De-
velopment Planning at The Bartlett Devel-
opment Planning Unit (DPU), University
College London and President of Habitat
International Coalition (HIC).

Adriana has over 30 years of international
experience in research, graduate teaching,
advocacy and consulting in over 25 countries
in the global South, she has specialized in
the fields of development planning, socio-en-
vironmental justice and feminist political ecol-

ogy.

She is currently President of Habitat Inter-
national Coalition (HIC), as well as a regu-
lar advisor to UN agencies, positions from
which she is actively engaged in promoting
urban justice through advocacy and policy
evidence, social learning and fostering in-
ternational collaboration both within UCL
and globally.Through the lens of risk, water
and sanitation, land and housing, food and
health, her work examines the interface be-
tween everyday city-making practices and
planned interventions and their capacity to
generate transformative social and environ-
mental relations.

Adopting a feminist political ecology per-

spective, her work combines qualitative, dig-
ital /mapping, and visual research methods
to decolonize urban planning practices and
elucidate the “cracks” in which transforma-
tive planning can be reinvented, nurtured,
and pursued. Her work focuses on three
interrelated themes: urban justice, everyday
city-making, and transformative planning.

Over the years, she has worked at the in-
terface between insurgent practices and
planned interventions and their capacity to
generate socio-environmentally just cities.

This work stems from her engagement with
the analysis of governance approaches to
address structural deficits at the interface
between “policy-driven” and “needs-driven”
approaches and emerging improvements at
scale — in water and sanitation, as well as in
other areas such as food security, land, hous-
ing and health. Since 2008, she has explored
the intersection of urbanization and climate
change, with a particular focus on the gener-
ation and distribution of risks, vulnerabilities
and capacities for action in southern cities. A
third strand of her research focuses on urban
planning as a field of networked governance
and pedagogical strategies to decolonize
planning education and shape pathways for
urban equality.
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Economist with a track record of more
than 20 years working on the issues of
slums, social housing and urban policy.

She is currently Director for Latin America
and the Caribbean at the Lincoln Land Insti-
tute of Policy. She also serves as a member
of the editorial board of Vivienda magazine
of INFONAVIT — México. And previously she
worked as a consultant on housing and urban
development issues for the IDB (Inter-Ameri-
can Development Bank).

She worked in the Prefecture of Sdo Paulo,
supporting the Brazilian Ministry of Cities in
the design and implementation of the Brazil-
ian housing policy. She founded and served
on the board of directors of the NGO INTER-
ACAO, which supported the development of
high-impact projects in communities in the
state of Sdo Paulo and Recife.

As a senior consultant to the World Bank,
she provided technical assistance for the
development and implementation of Brazil-
ian housing policy and slum upgrading for
10 years, including two major programs:
the “PAC Favelas” slum upgrading and the
“Minha Casa, Minha Vida" housing subsidy.

ANACLAUDIA
ROSSBACH

Keynote speaker
BRAZIL

She acted as a senior specialist in social hous-
ing for the World Bank and other research
and project organizations in Brazil and sev-
eral countries around the world such as the
Philippines, China, India, South Africa and
Mozambique, among others.

She was Regional Manager for Latin Ameri-
ca and the Caribbean for the Cities of Alli-
ance Global Informality Program where the
exchange of experiences and knowledge
through different networks was consolidated
and structured.

The main achievements in Latin America
are the Urban Housing Practitioners Hub
(UHPH), which brings together practitioners
and networks working in the field of social
housing. In the global south, multi-sectoral
and disciplinary communities of practice on
the theme of slum upgrading in the global
south with emphasis on the countries: Mexi-
co, Guatemala, El Salvador, Paraguay, Brazil,
South Africa and India.

GIANCARLO
MAZZANTI

Keynote Speaker
ARGENTINA

Born in Barranquilla, a port city in north-
ern Colombia, Giancarlo Mazzanti is an
architect graduated from Pontificia Uni-
versidad Javeriana with postgraduate
studies in industrial design and architec-
ture in Florence, ltaly.

He has been a visiting professor at several
Colombian universities, as well as at world-re-
nowned academic institutions such as Har-
vard, Columbia and Princeton, and is the first
Colombian architect to have his works in the
permanent collection of the Museum of Mod-
ern Art in New York (MoMA) and the Centre
Pompidou in Paris.

Giancarlo has more than 30 years of pro-
fessional experience and his studio, El Equi-
po Mazzanti has gained notoriety due to its
design philosophy based on modules and
systems, which generate flexible elements
capable of growing and adapting over time,
seeking an architecture that is closer to the
idea of strategy than to a finite and closed
composition. The idea of architecture as an
operation was born from exploring the dif-
ferent forms of material and spatial organiza-
tion, considering concepts such as repetition,
the indeterminate, the unfinished, instability,

arrangement and patterns.

Equipo Mazzanti also stands out for its re-
search on play and its link to the world of
architecture. It is precisely this interest in the
play-architecture relationship that has led it to
seek new collaborations with professionals
from different areas of knowledge, finding
new opportunities for cooperation and de-
veloping projects and exhibitions that have
been presented throughout the world under
the We play You play brand.

Social values are at the core of Mazzanti's
architecture, who seeks to realize projects
that give value to social transformations and
build communities. He has dedicated his
professional life to improving the quality of
life through environmental design and to the
idea of social equality.

His work has become a reflection of the cur-
rent social changes occurring in Latin Amer-
ica and Colombia, demonstrating that good
architecture manages to build new identities
for cities, towns and inhabitants, transcend-
ing reputations of crime and poverty.
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CHAIR COMMITTEE

Waldo Bustamante

Mechanical Civil Engineer from the University
of Chile. Master in Urban Development from
the Pontifical Catholic University of Chile and
PhD in Applied Sciences from Catholic Uni-
versity of Louvain, Belgium. Professor at the
Faculty of Architecture, Design and Urban
Studies from the Pontifical Catholic University
of Chile. Director of the Centre for Sustaina-
ble Urban Development (CEDEUS).

Felipe Encinas

Architect from the Pontifical Catholic Univer-
sity of Chile. Master of Science from the Uni-
versity of Nottingham in the United Kingdom
and a PhD in Architecture and Urbanism from
the Catholic University of Louvain, Belgium.
Academic Secretary at the Faculty of Archi-
tecture, Design and Urban Studies (FADEU).
Researcher at the Centre for Sustainable Ur-
ban Development (CEDEUS) and Associate
Professor at the School of Architecture in the
Pontifical Catholic University of Chile.

Magdalena Vicuia

Architect from the Pontifical Catholic Univer-
sity of Chile. Master in Community Planning
from the University of Maryland in the Unit-
ed States and PhD in Architecture and Urban
Studies from the Pontifical Catholic University
of Chile. Director of Research and Postgrad-
uate Studies at the Faculty of Architecture,
Design and Urban Studies (FADEU). Asso-
ciate Professor at the Institute of Urban and

Territorial Studies and Associate Researcher
at CIGIDEN.

INTERNATIONAL ADVISORY COMMITTEE

Alessandra R. Prata Shimomura
Universidade de S3o Paulo. BRASIL.

Carlos Javier Esparza Lépez
Universidad de Colima. MEXICO.

Edward Ng
Chinese University of Hong Kong. HONG
KONG.

Heide Schuster
BLAUSTUDIO. GERMANY.

Jadille Baza
Presidenta del Colegio de Arquitectos de
Chile. CHILE.

Joana Carla Soares Goncalves
Architectural Association School of Archi-

tecture, UK. University of Westminster, UK.

Bartlet School of Architecture, UCL, UK.

Jorge Rodriguez Alvarez i
Universidade da Coruiia, ESPANA.

Juan Carlos Muiioz
Ministro de Transporte y Telecomunica-
ciones. CHILE.

Luis Edo Bresciani Lecannelier
Pontificia Universidad Catdlica de Chile.
CHILE.

Luis Fuentes Arce
Pontificia Universidad Catdlica de Chile.
CHILE.

Mario Ubilla Sanz
Pontificia Universidad Catdlica de Chile.
CHILE.

Pablo La Roche
Cal. Poly Pomona / CallisonRTKL Inc. USA.

Paula Cadima

Architectural Association Graduate School.
UNITED KINGDOM.

Rajat Gupta
Oxford Brookes University. UNITED KING-
DOM.

Rodrigo Ramirez
Pontificia Universidad Catdlica de Chile.
CHILE.

Sanda Lenzholzer
Wageningen University. THE NETHER-
LANDS.

Sergio Baeriswyl
Presidente del Consejo Nacional de Desar-
rollo Urbano. CHILE.

Simos Yannas

Architectural Association Graduate School.
UNITED KINGDOM.

Susana Biondi Antiinez de Mayolo
Pontificia Universidad Catélica de Perd.
PERU.

Ulrike Passe
lowa State University. USA.
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LOCAL ORGANISING COMMITTEE

Maria José Molina

Commercial Engineer from the Pontifical
Catholic University of Chile. Master in Local
and Regional Development from the Institute
of Social Studies of Erasmus University Rot-
terdam, The Netherlands. Executive Director
of the Centre for Sustainable Urban Develop-
ment (CEDEUS).

José Guerra

Architect from the Catholic University of the
North. PhD in Architecture, Energy and En-
vironment from the Polytechnic University of
Catalonia. Director of the School of Architec-
ture from the Catholic University of the North.
Director of the Research Center for Architec-
ture, Energy and Sustainability (CIAES) at the
Catholic University of the North.

Sergio Vera

Civil Engineer from the Pontifical Catholic
University of Chile. PhD from Concordia
University and Master of Science, Pontifical
Catholic University of Chile. Director of the In-
terdisciplinary Center for the Productivity and
Sustainable Construction (CIPYCS). Assistant
Professor and Director of the Department of
Engineering and Construction Management
at the Pontifical Catholic University of Chile.

Maria Isabel Rivera

Architect from the University of Concepcion.
Master of Architecture from the University of
Washington, USA. PhD in Architecture from
the University of Oregon. Researcher of the
Centre for Sustainable Urban Development
(CEDEUS) and Assistant Professor of the De-
partment of Architecture, University of Con-
cepcion.

Maureen Trebilcock

Architect from the University of Bio Bio. Mas-
ter of Arts in Green Architecture and PhD
from the University of Nottingham. Director
of the PhD program in Architecture and Ur-
banism at the University of Bio Bio.

Nina Hormazabal

Architect from the University of Washington.
Master of Architecture from the University of
California, Berkeley. PhD in POE and Ener-
gy Efficiency in Housing from the University
of Nottingham. Professor and Researcher of
the Laboratory of the Bioclimatic Area in the
Department of Architecture of the Federico
Santa Maria Technical University.

M. Beatriz Piderit

Architect from the University of Bio-Bio. Mas-
ter in Applied Sciences and PhD from the
Catholic University of Louvain, Belgium. As-
sociate Professor and researcher at the Facul-
ty of Architecture of the University of Bio-Bio.
Researcher of the research group in “Envi-
ronmental Comfort and Energy Poverty” of
the University of Bio-Bio.

Claudio Carrasco

Architect from the Universidad de Valparaiso.
PhD in Architecture, Energy and Environment
from the Polytechnic University of Catalonia.
Master in Geographical Information Systems
from MappingGIS. Professor at the Depart-
ment of Architecture of the Federico Santa
Maria Technical University. Professor and Re-
searcher of the Civil Construction School and
the City Science Laboratory (CSLab) at the
Faculty of Engineering of the Universidad de
Valparaiso, Chile. Associate Research of the
Climate Action Center (CAC) of the Pontifical
Catholic University of Valparaiso, Chile.

Massimo Palme

Materials Engineer from the University of Tri-
este. Master in Geographical Information Sys-
tems from MappingGIS. PhD in Architecture,
Energy and Environment from the Polytech-
nic University of Catalonia. Professor at the
Department of Architecture of the Federico
Santa Maria Technical University.
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SCIENTIFIC COMMITTEE

Khandaker Shabbir Ahmed
Bangladesh University of Engineering &
Technology. BANGLADESH.

Noelia Alchapar
CONICET Mendoza. ARGENTINA.

Fazia Ali-Toudert
Ecole Nationale d’Architecture Paris Val de
Seine. FRANCE.

Hector Altamirano
University College of London. UNITED
KINGDOM

Sergio Altomonte

Université Catholique de Louvain. BELGIUM.

Servando Alvarez
Universidad de Sevilla. SPAIN.

Mohammad Arif Kamal
Aligarh Muslim University. INDIA.

Shady Attia
University of Liege. BELGIUM.

Julieta Balter
CONICET Mendoza. ARGENTINA.

Gustavo Barea Paci
CONICET Mendoza. ARGENTINA.

Jonathan Bean
University of Arizona. USA.

Susana Biondi
Ponﬁ,ficia Universidad Catdlica del Perd.
PERU.

Philomena Bluyssen
TU Delft. HOLLAND.

Denis Bruneau
ENSAP Bordeaux. FRANCE.

Vincent Buhagiar
University of Malta. MALTA.

Victor Bunster
Monash University. AUSTRALIA.

Waldo Bustamante
Pontificia Universidad Catdlica de Chile.
CHILE.

Paula Cadima
Architectural Association. UNITED KING-
DOM

Isaac Guedi Capeluto

Technion — Israel Institute of Technology.
ISRAEL.

Alexandre Carbonnel
Escuela Arquitectura. Universidad de Santia-
go. CHILE

Claudio Carrasco
Universidad Técnica Federico Santa Maria —
Universidad de Valparaiso. CHILE

Giacomo Chiesa
Politecnico di Torino. ITALY.

Helena Coch
Universitat Politécnica de Catalunya. SPAIN.

Florencia Collo
Atmos Lab. ARGENTINA.

Erica Correa Cantaloube
CONICET Mendoza. ARGENTINA.

Manuel Correia Guedes
University of Lisbon. PORTUGAL.

Robert Crawford
University of Melbourne. AUSTRALIA.

Marwa Dabaieh
Malmé University. SWEDEN.

Richard De Dear
University of Sydney. AUSTRALIA.

Silvia De Schiller
Universidad de Buenos Aires. ARGENTINA.

Claude Demers
Laval University, Québec. CANADA.

Samuel Dominguez
Universidad de Sevilla. SPAIN.

Denise Duarte
Universidade de S3o Paulo. BRAZIL.

Felipe Encinas
Pontificia Universidad Catdlica de Chile.
CHILE

Evyatar Erell
Ben Gurion University of the Negev. ISRAEL.

Carlos Esparza
University of Colima. MEXICO

Juan Carlos Etulain
Universidad Nacional de la Plata. ARGENTI-
NA.

Arnaud Evrard
Université Catholique de Louvain. BELGIUM.

Lone Feifer
Active House Alliance. CANADA.

Jesica Fernandez-Agiiera
Universidad de Sevilla. SPAIN.

Gilles Flamant
Centro de Desarrollo Urbano Sustentable.
CHILE.

Brian Ford
Natural Cooling Ltd. UNITED KINGDOM.

Miguel Angel Galvez Huerta
Universidad Técnica Federico Santamaria.

CHILE.

Carolina Ganem
CONICET Mendoza. ARGENTINA.

Rodrigo Garcia
Universidad del Bio-Bio. CHILE.

José Roberto Garcia Chavez

Universidad Auténoma Metropolitana. MEX-
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Architecture for Health and Well-being (2) | RAPA NUI HALL | Chair Isabel Rivera
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Learned. A Post-occupancy Evaluation Comparing Indoor
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Residential Unit Built To Passive House Standrards And
Another Residential Unit Built To Conventional Standards

Analysis Of Urban Thermal Behaviour In Hot Dry Climate
In Relation To lts Vegetation Before And After The
COVID-19 Pandemic

Neurourbanism: Analysis of Public Space of Small Town
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Co-producing Healthy Communities: A Methodologjical
Approach to Prevent Arbovirus Epidemics in a
Brazilian Social Housing Neighbourhood

SESSION 10

Rivera, Maria Isabel; de la Barrera, Francisco;
Barraza, Camila; Durén, Carla; Pavez, Jorge;
Martinez, Andrea

Shemesh, Sigal

Grajeda-Rosado, Ruth Maria; Vazquez-Torres,
Claudia Erendira; Sotelo-Salas, Cristina

Oliveira, Halana Duart; Morelli, Denise Damas de
Oliveira

Garrefa, Fernando; Villa, Simone Barbosa; Bortoli,
Karen Carrer Ruman de; Stevenson, Fionn;
Vasconcellos, Paula Barcelos; Carvalho, Nathalia
Lya de Melo

page 307

1172

1585

1199

1468

1213

Analysis and Methods (1) | PATAGONIA HALL | Chair Vincent Buhagiar
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Multicriteria Analysis
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Analysing the Effect of Cool and Green Roof Design
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Fos Gis to Support Regenerative Design Processes in
Urban Areas

Aerodynamic Analysis of Urban Blocks: Case Study in
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Mind the Gap: Bridging the Void between Energy Policy
as Business and Social Policy as Equality.

Hygrothermal Characterization Of Water-absorbing
Granules: A Preliminary Experimental Study For The
Development Of An Evaporative Cooling Fagade Module

Impact-Based Project Ideas for Sustainable Cities: The
Case Of Digital Planning Tools In Piura, Peru

Where Public Space Meets Climate Change. Linking
Urban Projects With Lisbon’s Metropolitan Adaptation
Plan
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Neighbourhoods at Risk of Winter Fuel Poverty and High
Summer Urban Heat Island Intensity. A Study Case in
Madrid (Spain)
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Challenges for Developing Countries (1) | RAPA NUI HALL | Chair Joana Goncalves
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Microclimate Evaluation Method for Urban Planning in
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dings: A Case From Dhaka City
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Comparative Study Of Two Passive Cooling Systems:
Indirect Evaporative Cooling Vs. Radiant-Capacitive
Cooling

Thermal Performance Of Ceramic Coatings Used On
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Reversible Building Design: Viewing A Building As A
Material Bank

Characterization Of Native Macroalgae: "Pelillo” (Agaro-

phyton Chilense) And “Lamilla” (Ulva Lactuca) For The
Development Of A Prototype Thermal Insulating Material

SESSION 14
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Sustainable Architectural Design (4) | ATACAMA HALL | Chair Chris Whitman

Adaptation of Passive Heating Strategies in the Peruvian
Mesoandean Zone: Thermal Improvement In Social
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Thermal Performance of Traditional Courtyard Houses in
Warm Humid climate. Case Study of Colima, Mexico.

Hygrothermal Comfort In School Yard. A Case Study
Leed In Rio De Janeiro

Hygrothermal Evaluation of an Indigenous Dwelling on
the Andean Highlands: Evidence Of How Atacamefio
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Than Those Set By The Chilean Regulation And The
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Replacement Infill Panels for Historic Timber-Framed
Buildings: Measured and Simulated Hygrothermal
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Innovative Transparent and Translucent Materials on
Facades: Non-Visual Effects of Light

Performance Analysis Of Side Lighting Systems In
Commercial Buildings In Southern Brazil

Green Facades and Its Shading Potential: the solar
radiation affenuation promoted Promoted by Climber
Species

Building-integrated Solar Technology: Learning From
More Than 30 Years Of Experience With Solar Buildings
(Examples From International Competitions)

Application Case of a Bioinspired Approach: Ideation,
Prototyping and Assessment of a Novel
Thermo-responsive and Deployable Building Skin
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Challenges for Developing Countries (2) | RAPA NUI HALL | Chair Susel Biondi

Roadmap Towards Energy-Efficient Buildings at a City
Perspective: Case Of Study Of Florianopolis, Brazil

Participatory learning methods to improve energy
efficiency in Chilean residential sector: Public programs
to support self-management

Design Research Role in Supporting Net-Zero Buildings

Factors That Promote the Offer of Green Financing for
Real Estate Projects of High Energy Efficiency Housing

The Cost Of Rehabilitating A Historical Building:
Application Of Roof Materials Alternatives Towards
Thermal Comfort

Analysis of Isolated Shrubby-Arborean Species as a
Barrier to Winds for Urban Thermal Comfort: Methods to
Obtain the Leaf Area Index

How hot is your city design? Surface temperature
porirait of Sdo Paulo Metropolitan Region

Urban Qasis For Adaptation To Climate Change: Analysis
Of Climate Adaptation Plans (CAP) Around The World

CityPlan Water Neutrality Framework for New Urban
Developments

Exploring the Association Between Satellite Indices and
Local Climate Zones in Brasilia, Brazil
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Sustainable Architectural Design (6) | ATACAMA HALL | Chair Joana Goncalves

Wiladimiro Acosta And The Helios System: 3 Case
Studies. Comparative Analysis And Critical Review

2000 Meters Above Sea Level: Climate Adapted Urban
Development Strategies In The Highlands Of Oman

Lessons Learnt From The Brazilian Bioclimatic
Modernism: The Case-Study Of The Sul American Bank
Building (1966)

Exploring The Thermal Quality Of The Modernism
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Will Cities Survive?

Modelling resilient construction through a mixed-use
development within an urban environment

MARTIN MURRAY?, SHANE COLCLOUGH?, PHILIP GRIFFITHS?!

" Department of Computing, Engineering, and the Built Environment, Ulster University, Shore Road, Jordanstown,

Belfast, Co Antrim, BT37 0QB. Corresponding author: Murray-M46@ulster.ac.uk

ABSTRACT: The study is an investigation into what constitutes resilient construction in 2022, understood through
the metrics of a mixed-use development within an urban environment. The context is the climate change
emergency and the pressing need to successfully implement the ‘nearly’ Zero Energy Buildings (nZEB) policy
across the EU construction industry. This policy in Ireland is still evolving however significant issues of
performance definition and procurement have already been identified. The paper identifies a performance bonus
to be achieved by expanding the nZEB Policy Platform to encompass an energy standard for urban areas which
for new buildings is at least ‘energy-plus’. The benefits accruing include long life buildings, with an inbuilt
flexibility of use and a demand side support for our power grids. To progress, energy use needs to be perceived
as part of a larger system. The metrics of success need to change from calibrations of individual assets through a
‘Building Energy Rating’, (BER) to a more expansive focus on reducing ‘Greenhouse Gas Emissions’, (GHG) at a
neighbourhood and community level. This will require integration of our communities into an energy system
reflecting ‘minimal entropy’, ‘closed loop resource allocation’ and clearly defined criteria for measuring same.

KEYWORDS: nZEB, EU Policy, Resilient Construction, Community Energy, Energy-plus

1. INTRODUCTION

It is an undoubtable fact that significant change
will be required if we are to successfully transition
our energy system and reduce carbon emissions to
zero between now and 2050.

Transitions by their nature can be either
distressing or energising, depending both on
preparedness and establishing a clarity of response.
This paper is concerned with both these necessities,
through a consideration of how we need to build to
express preparedness, and how we might bring
community value to what we do, in order to clarify
our response to both the energy transition and
energy change. The paper is framed within the
context of a mixed-use case study project, located
in an Irish market town, which is currently in design
development. The purpose of the case study is to
establish a template development which through
deliberate design, can be long serving, flexible in
use and resilient to the coming energy use
transformation.

Resilience is commonly characterised by a
robustness to deal with change or recover quickly
from difficult circumstances. The premise of the
case study is that resilience in energy terms, within
Northern European countries starts with fabric, air
tightness and controlled ventilation [1]. Resilience is
also infectious, as an energy optimised

development allows for a reduction in local energy
use, can help to support local microgrids, expand
and optimise energy boundaries and promote a
culture of energy understanding which can
encourage low carbon urban lifestyles. The energy-
plus project therefore aligns to a central theme of
the PLEA 2022 conference which is consideration
of the whole idea of a city, and the way by which
we might inhabit and use them, thus generating an
increased understanding of the need to live within
the confines of planet earth, protect social
equalities and reduce carbon emissions. In such a
way the definitive inflection-point of what
constitutes a sustainable city or urban environment
might well emerge.

The theme of the project is also one of urban
regeneration. In lIreland, like towns and villages
throughout Europe, the traditional ‘main’ street and
the multitude of buildings and uses that had
evolved there, have slowly dissipated online or have
been transplanted to car-friendly suburban
locations. This commercial transformation made
sense in the context of cheap and readily accessible
fossil fuels, however as all activities now become
reliant on renewable sources of energy, as we begin
to consider our broader carbon budgets, both
public and private, then this pattern of land use is
open to reconsideration. The project therefore also

endeavours to model resilience construction from
the point of view of the built heritage of our towns
and villages and a revaluation of the embodied or
‘up-front’ carbon intensity which they represent

2. PROJECT DESCRIPTION

The development case study consists of a
mixed-use, low-rise development of three campus-
style buildings (492m?) located on a 600m? back-
lands urban site, located within an Irish country
town. The research highlights the importance of
such sites in the revitalisation of our towns and
villages and as operational fulcrums around which
the patterns of a low carbon lifestyle will mature.

Figure 1: Aerial view of proposed case study.

>

The site is located within an architectural
conservation area (ACA) and has all the restrictions
and challenges emblematic of such locations,
including a strong architectural context, close
proximity of adjacent structures, and restrictive
town planning criteria. The three buildings have
been designed to be flexible in both plan and
section to facilitate research into the implications
for fabric and building services of a long-life, loose
fit design strategy, and the energy profiles and
energy demands which such alternative future uses,
(either as retail, offices or residential), might give
rise to, (Fig 1).

The research aims to answer one specific
overriding question however which is, to assess
whether across a range of metrics, (such as primary
energy use, IAQ, PV use, resource allocation, and
utilizing materials of low embodied carbon,
reflecting a circularity of supply), the current nearly
zero energy standard (nZEB) as practiced in Ireland,
is an adequately resilient methodology for
modelling buildings required through to 2050.

The alternate is a significant step change in nZEB
performance to reduce our GHG emissions in
transition and reach zero emissions as soon as
possible. The validity of the question and the
context for its consideration lies within the myriad
of challenges which the climate emergency has

given rise to, such as impending time constraints,
priority of resource allocation, potential social
inequalities, and associated fuel poverty. All allied
within the capacity limitations of our electrical
power grid.

The context of a specific case study is useful in
understanding such complex scenarios as it
provides a useful fixed data set for understanding
the wide variety of interdependence and criticality
of relationship between the project variables. In
such a way also the case study links academic
research to project implementation, and the
particularities of construction to an understanding
of the power grid. The case study frames the data
to be analysed.

3. LITERATURE REVIEW AND CONTEXT

There is an emerging body of academic literature
which acknowledges that for a mild maritime
temperate climate area such as Ireland, the
availability of low carbon operational energy has
been effectively solved by the approaching
adequacy of decarbonised grid electricity. The
academic literature increasingly identifies however
that the parameter of constrain is no longer the low
carbon operational energy itself, but rather the use
of resources which embody carbon emissions and
therefore need to reflect a circularity of use and
reuse [2].

Figure 2: Ratios of operation energy (carbon emissions)
vs. whole life embodied carbon emissions. (Hone Energy))
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The reason for this is the obvious inverse
relationship between low operational energy and
the high volume of materials required to achieve
that performance. Across a range of building types,
it is noted that the operational emissions have
begun to be dwarfed by the whole life embodied
carbon emissions necessary to achieve such
performance, (Fig 2). Concerns have always been
expressed against the temptation to use high
embodied carbon solutions to achieve low
operational energy, driven by cost optimality and
short term pay back criteria [3].

Obviously, such an approach is not optimal and
defeats the very purpose of achieving long-term
sustainable emission reductions. The long-term



view requires high embodied carbon insulating
materials to be substituted by bio-based solutions
which can be regeneratively grown. We do however
need time to allow for a circularity of material
supply to emerge not just for insulation but across
all building materials. Therefore, the new buildings
constructed now, need to create an ‘operational
energy space’ within which these product supply
lines can be established. Energy-plus projects are
therefore of critical benefit within urban areas to
support and supplement local grid capacity and
support local micro grids as they might emerge. The
case study project will analyse how energy use
across a campus of buildings can combine not just
an optimality of operational use with resource use
but rather a resilience level of performance.

4. RESILIENT CONSTRUCTION

The research intended is focused on achieving a
net-zero energy campus. The research data will
emanate from using a variety of energy standards
principally, the ‘Domestic Energy Assessment
Procedure’ (DEAP) and the ‘Non-Domestic Energy
Assessment Procedure’ (NEAP) which are the
national predictive performance softwares for nZEB,
and the Passive House (PH), Planning Package
(PHPP) analysis software. The intention is to
compare the predictive and operational
effectiveness of these standards.

All geographical locations are climatically
unique and therefore the energy strategies for
particular countries are unique. As the literatures
make clear the rolling out of nZEB as an EU standard
has had to overcome significant climate disparity
across member states. [4] What is common to all
countries, however, is the political distaste for
bringing forward radical changes and therefore
countries have been allowed to set their own
standards based on cost optimality criteria within
each member state. By aligning in this way with
market values, it is inevitable that a policy
intervention such as nZEB, becomes a captive victim
of the prevailing economic and political culture that
legislates downward. In turn this allows the
marketplace to verify the validity of policy direction
and determine the limited breath of its vision.

This is regrettable and it is in this respect that
the nZEB legislation in Ireland is in 2022,
questionable as to its fitness for purpose. It
establishes no more than an asset value for
buildings and creates a technological ‘solution’ for
low energy buildings derived from what the market
can sustain. However, as the literatures also
indicate the resulting energy use within nZEB
buildings has proven difficult to predict, data has
been misleading and buildings represent potentially
a greater use of resources, beyond any acceptable

notion of optimality [5]. It thus creates an ideal
scenario for widening inequalities as resources are
loss and finances eroded.

It is clear from the literatures also, that a market
driven economy by its nature can only define a
problem by the parameters of its own value system.
In the context of an ‘emergency’, a market
dominated response which is focused on access to
energy, cost, technology, and a lack of perceived
value in community and manual labour, will
inevitably fail to define the emergency cogently.
This realisation also sets in place the question posed
by De Masi et al (2021): Is the most energy efficient
solution also the best one in term of environmental
sustainability [6].

Figure 3: Ground floor plan of development.
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4.1 Beyond nZEB

That there is an urgent need to proceed beyond
the current nZEB cost-optimality metrics and the
limiting energy boundaries, to a more socially
equitable solution is also emphasised by the
definition established by the Institute for
Sustainable Communities, for what the hallmarks of
a sustainable community might be. Effectively: - “A
sustainable community is one that is economically,
environmentally, and socially healthy and resilient.
It meets challenges through integrated solutions
rather than through fragmented approaches that
meet one of those goals at the expense of the
others”, [7]. Sustainability through this lens is one of
community, shared resources and enlarged energy
boundaries.

The case study sits within these aspirations of
balance, just as it sits also within the policy
limitations of the nZEB strategy, as currently
formulated and legislated for. However, the
intention of the case study data is to indicate how a
broader leadership nZEB standard would create a
greater equality and optimality of energy use
between supplier and user. In one sense this
relationship between supplier and user is already
happening through the roll out of smart metering

which allows real time engagement between the
energy user and the local supply grids.

A danger of course is that, just as happened
previously with another Irish utility, (water),
metering can be seen as a retrograde step,
reflective of a strictly technological solution (with
nefarious undertones of control), against what is
first and foremost, a green transition. Whether such
a green transition is directly solvable, by the
technological attitude to energy management
prevalent in neo-liberal societies, is fundamentally
what is now under debate.

4.2 Beyond technological solutions only.

Clarke and Sahin-Dikmen, (2020) [8] take up this
theme in their consideration of an alternative
labour-centred strategy as an antidote to a
technical-driven green transition. Their research
investigates trade union response to the green
transition across four countries. Their research
recognises and tabulates the vocational educational
training (VET) required within the construction
industry which would constitute a major
transformation. Referencing Clarke et al (2019),
Clarke and Sahin-Dikmen identify the fact that the
construction industry across Europe, and in
particular, in Anglo-Saxon countries, is burdened
with long standing problems of vocational,
educational and training expressed as skill
shortages, insecure employment and fragmentation
of the construction process, all prevalent aspects of
the industry in Ireland.

Clarke and Sahin-Dikmen (2020) also identify the
irony that exists between the social potential of a
just green transition and the ecological modernising
of an industry without concern for the quality of
labour and employment involved nor for worker
agency in shaping this transition. It is ironic that
while UN climate change declarations are linked to
inequality, the probability of this not translating
into national programmes is as identified by
Sweeney (2015) deeply problematic [9]. In this
regard Clarke references Biernacki (1995), who
within a deeply historic study usefully differentiated
between ‘labour power’ and ‘embodied power’. To
contemporise the distinction. The former is offered
to be reflective of labour’s potential, while the
latter is simply defined by cost optimality. The
former requires social relationships and organising
structures, the latter seems to reflect the (EU)
vision of a change, instigated primarily through
renewable technologies and energy efficiency
measures only, lacking in an ambition to exploit the
opportunity for vocational training and careers. It is
an open question now, as to whether ecological
ambition within the existing neo-liberal economic
order can flourish; the physics of sustainability may

add up, but if the political mood fails to capture the
societal vision, little progress will be made other
than progress that facilitates neo-liberal value
extraction.

5.0 RESILIENT CONSTRUCTION

The resilience of the proposed development is
derived from an underlying belief in the certainty of
the law of subsidiarity, commonly known as ‘small is
beautiful’ [10]. Ironically it is also an underlying
principle permeating through all EU laws. It is based
on the principle of facilitating decision making and
therefore independence at the lowest appropriate
level of authority. In energy terms this reflects
localised energy independence, derived in the first
instance from renewable energy generation on site.

5.1 Energy independence

The development has been designed to
combine roof mounted PV use with optimal
orientation. The electricity generated will be used
to maximise self-absorption. This takes the form of
battery storage, a shared electrical car scheme,
heat pump operation and thermal stores. However,
the key to energy independence is optimising
generation benefits by controlling waste at source.
In this regard the construction utilises PH standards
of fabric and air tightness to minimise heat loss.

Table 1:
Predictive annual solar array (160m?) output (kWh/yr)

Month (kwh) Month (kwh)
JAN 560 JULY 2,055
FEB 935 AUG 2,616
MAR 1,682 SEPT 1,682
APR 2,429 ocT 934
MAY 2,803 NOV 374
JUN 2,429 DEC 187

Note: Monthly comparison of the case study 160m2 of PV
array output, across the year (reflecting optimum
orientation and inclination resulting in an average output
of 117 kWh/yr/m?).

5.2 Use independence

The improved fabric performance creates a
reduced variability of energy use within all the
buildings, regardless of end use, all of which allows
a more accurate understanding of overall energy
use on the site. More importantly, such ‘energy
loose fit’ will allow a variety of different uses to
occur within the buildings in the years ahead.

In this context the research wishes to identify if
an operational energy ‘sweet spot’ exists which
could underpin an Urban Energy Metric (UEM).
Such an optimality would facilitate the optimal
development of inner town and village sites; would
help to define our future understanding of primary



energy, its primary energy factor and what use
profile it reflects. Not only is primary energy not
defined rigorously across standards, (PH for
example includes plug loads while nZEB does not,
PH allows for 24-hour temperature comfort while
nZEB is defined by specified periods of occupancy
only and internal temperatures), it also requires
redefining now as the primary energy factor of the
electrical grid reduces toward ‘one’, to reflect 100%
renewables.

Table 2: A comparison of the predictive energy use across
a range of different end uses, set against yearly PV energy
production. The energy use is derived from benchmarks
only and are based on common energy use estimates for
different building types derived from overheating criteria.

Predictive annual primary energy use Solar Min. Max.
(kWhlyr) measured across a range of Array Yearly | Yearly
standards nZEB & Passive House. 160 [ S |
(Operational benchmarks only used) and %
Unit nZEB nZEB PH* PH* — o«
No. Dwellings Non Classic) | (PER) "
(BER: AZ) dwelling” ( 120" di 160] oum :fﬁ:u':l?
{506 Whimtys (Offices) WWRimyr) | WMy
1506 Whim2/yr
492m2 24,600 73,800 59,040 29,520 Total 5,914 | 55,114
Total (kWhiyr) | (kWhiyr) | (kWhiyr) | (KWhiyr) m kWh | kWh
{Units KWh
110 6)

Note: (*PH = Passivehouse) (**120kWh/m2/yr = Pre-2015
‘Classic’ PH Primary Energy Use Definition. 1: - Reflecting
office use at 150kWh/m2. 2: - PER: Reflecting altered
Post-2015 Primary Energy Renewable calculation as per
PH. 3: - PV % per unit generated, indicating units 3, 5 and
6 would qualify as PH premium standard unit, (subject to
full modelling).

In Table 2 above, in order to maintain definition
alignment in a general way between nZEB and PH,
the old primary energy for the pre-2015 ‘Classic’ PH
is referenced, which is 120kWh/m2/yr. This has,
since 2015, been revised into a PER metric which
equates to an energy use of 60kWh/m2/yr. This is
the Primary Energy Renewable (PER) definition of
Primary Energy now used by PH, to reflect changing
primary energy factors and the transitioning of the
power grid to becoming carbon neutral [11].

In the circumstances of a carbon neutral power
grid, no cost optimality assessment could justify any
renewable energy interventions, unless the criteria
were altered, and the demand side of the grid is
modelled to reflect the benefit it can bring. The
functional (comfort and economic) criteria for
Passive House are a very good starting point for a
completely renewable worldwide energy supply.

5.3 The building use profile

Buildings designed and constructed now must meet
the energy performance needs of 2050 regarding
zero carbon. A response to resource depletion
would require that buildings be capable of easy
transformation to different uses over their lives
thus maximising their ongoing utility. New design
therefore needs to deliver buildings with an inbuilt
flexibility of use and reuse, to ensure long life and

access to sustainable energy. Where such design
strategies are grafted unto urban areas, including
our existing towns and villages, then these buildings
take on the added potentiality of an urban energy
leader, compensating in some situations for
heritage buildings that may never achieve a viable
energy standard to facilitate either comfort or
economic use. This necessitates that the planning
process itself recognises these design needs within
its development plans, to promote buildings with
energy credentials that have the potential to
support the effective and balanced operation of
community energy, either through the local power
grid or district heating.

With the nZEB strategy in Ireland focused on
individual buildings achieving energy labels in a cost
optimal way, (with accompanying performance
gaps), then our towns and cities will become
submerged in power hungry heat pumps, an
exponential growth in EV charging, and an
increasing internet driven plug load; all matters not
yet extrapolated through to their impending effect
on our power grid environment and the cash
strapped occupants of these nZEB buildings.

New developments such as the case study may,
if designed with energy in mind, facilitate solutions
to these emerging energy realities. Despite
significant climatic variation across the European
Union (EU), the nZEB implementation has helped in
promoting a unified approach to tackling a
reduction in operational energy. However, the
increased central role of resource utilisation
suggests that our new nZEB buildings must be
geared toward the creation of optimal performing
flexible buildings both to justify their use of
resources and ensure that their future carbon
profiles will meet 2050 standards directly or be
intrinsically ready to do so without significant
modification.

Table 3 below indicates a variety of energy use
profiles across the six units using nZEB benchmark
energy profiles to reflect the operational energy. It
is notable that the nZEB profile allows a 600%
differential across the site with the lowest energy
use reflecting residential use. It is notable also that
in the UK there is an active reconsideration of
commercial uses (as defined by planning), to a more
explicit definition of building types, according to
their energy need for space and water heating.
Undoubtably this strategy brings closer the concept
of a shared typology between dwellings and small
non-dwelling buildings and suggests that in line
with this research the energy line of differentiation
between such buildings in an urban setting is
becoming increasingly vague. It is noted also that
since the emergence of Covid, IAQ as a building
metric now transcends building use. Commonly

used in regard to commercial buildings only, it is
now considered critical in domestic settings, and so
our buildings of the future will require careful,
ventilation in accordance with more advanced
energy standards beyond nZEB, such as Passivhaus.

Table 3:

A comparison of the predictive energy use across all units
reflecting a two potential end uses. The monthly energy
use can vary by over 500% depending of end uses.

Table 3: Primary energy profile per unit across different uses — nZEB Profiles
Benct k energy use estimates only)
Use | Unit 1 | Unit2 Unit 3 Unit 4 Unit § | Unit 6 Totals

(105m2) | (79m2) | (110m2) | (42m32) | (78m2) | (76m32) | (492m2)
Residential 5,250 3,950 5,500 2,100 3,900 3,900 24,600

(BER:AZ €820.00
50kWh/m2/yr)

Retail 35490 | 26,702 | 37,180 | 14,196 | 26,364 | 26,364 | 166,296
(338 €427232 | €594880 (€26,607.36)
KWhim2lyr)
Annual PV2 1,121 3,363 5,980 zero 4111 4111 18,686
(KWhiyr)
Highlighted

units Grey colour indicales the probable oplimal usage in tegard.in rental income and mixed
use which equates to 66,936 kWh/yr (5,578 per month).

6. CONCLUSION

Given the uncertainties emerging in regard to
embodied carbon costs as raised by Rovers (2019)
[12], the potential of ‘business as usual’ (BAU)
solutions to create technologies and materials
masquerading as positive contributions to energy
conservation whilst creating negative emissions is
not to be overlooked. BAU always reflects the
priorities of big business as noted by Morningstar,
(2019). To invest in BAU technologies and energy
generation might well be perceived as ‘value-added’
by definition, but could be more accurately defined
as ‘value-extraction’, in the context of carbon use.

These are all important considerations given the
global nature of climate change. Smil (2017), (Pg.
386), [13] identifies how commodities have become
absolute identities dominated by a small number of
controlling companies. Therefore, by delaying our
response to climate change we have in fact created
the ideal scenarios for ‘rent-taking’ as defined by
Christophers (2020) [14]. Any problem that if
tackled early, and with long term aims would have
been one of value creation, in the hands of private
agencies with time constraints, it unfortunately
becomes an opportunity of value extraction. The
case study proposed and analysed, wishes to set a
standard that can be both equitable in energy use
and reflective of energy use as a ‘commons’ good.

By addressing whether this changed
relationship is conducive to aligning energy and
social policy, the project also reflects a central
theme of the PLEA 2022 conference, which is
to question whether energy-equality and social-
equality can be aligned in a world of diminishing
resources, commercial imbalances, and
technological driven solutions. The emerging
analysis is as yet lacking in such detail as to render it
fit for interpretation. However, the overwhelming

impetus shows that a campus of buildings sharing
energy has the potential to significantly minimise
general demand through improved fabric, thus
reducing peak demand, heat pump combined with
optimised PV generation and battery storage
allowing a meaningful sharing of surplus energy
generation across campus buildings and electrical
vehicle (EV) usage.

Such developments can in urban design terms
be ‘greater than the sum of their parts’, supporting
localised electrical power grids, and localised low
carbon lifestyles, and creating energy resilience as
our towns and villages transition to a zero emissions
future.
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ABSTRACT: There is a global trend to urbanize with Water Sensitive Urban Design systems. WSUDs try to
integrate the urban water cycle in the urban design to improve the environmental behavior in the urbanization
of the cities. Focusing on thermal behaviour and climate change effects mitigation, the question is: can WSUDs
improve the environmental behavior of the cities while water cycle recovering through WSUDs? Some
conclusions were exposed in CTV’18 related to thermal behavior of WSUDs with a high specific heat due to their
water retention; however, this is not always the case. There are other parameters which explain thermal
behavior for those WSUDs without the possibility to retain water where a high specific heat doesn’t exist. New
measurements have been done during 2021 to go deeper into the parameters that affect thermal behavior of
that second group of WSUDs such as: green and building shades, albedo, granulometry, and calculations related
to thermal inertia have been done to compare those parameters and see how they can affect to WSUDs thermal
behavior. Thus, this communication will expose these results and stablish a conclusion on how these parameters
can improve thermal behavior to reduce surface temperatures and mitigate this effect of climate change.
KEYWORDS: WSUDs, thermal surface, climate change, thermal comfort, landscape.

1. INTRODUCTION

Population growth is increasing in urban areas
and traditional drainage and supply systems fall
short for this new situation. Besides, climate change
brings floods and water scarcity worldwide. In this
context WSUDs are implemented to mitigate these
climate change effects.

However, when we use WSUDs we might be
increasing surface temperatures if we don’t stablish
selection criteria regarding climate comfort.

The subject matter of this paper is “sustainable
urban development” and its aim is to stablish the
parameters which can mostly affect surface
temperature materials.

This communication is part of a broader
research which first part was published in a
previous congress: CTV'18 (International
Conference Virtual City and Territory). [1].

Data exposed in CTV’18, which were collected
during two years and a half (from July 2016 to
December 2018) was focused on WSUDs which
could retain water. The cause is that while
researching we could check that thermal surfaces
which could retain water usually had a lower
temperature in the hottest hours of the day than
the environmental temperatures.

What happens then with surface temperatures
amongst all WSUDs which could not retain water?
l.e.: all those which need a moderate or fast
percolation of rainwater runoff and its
granulometry has a permeability coefficient above

10° m/s according to the FAO permeability
coefficients table[2]. Systems with these materials
are efficient in decreasing runoff and floods;
however, as they infiltrate water with a certain
speed there are other parameters different from
specific heat which influence in thermal comfort.

In 2018 research a lot of questions arose and
remained up today. Thus, how can influence other
parameters such as: thermal inertia, shades effect,
granulometry or albedo in surface temperatures?

2. METHODOLOGY AND MATERIALS:

To answer to these questions this
communication brings new measurements and
calculations.

The methodology has been in situ
measurements of five different parameters of
construction systems which are part of an existing
WSUD in Barcelona or materials that can take part
of WSUDs (such as infiltration basins, french drains,
retention basins, etc..). These parameters are:
surface temperatures with a thermal camera, wind
speed with an anemometer, relative humidity with
a hygrometer and the albedo with a lux meter.
Thermal inertia will be derived through calculations.

Data were collected in Barcelona in three
different sites and two days without 24-hour
previous rain (named as “dry days”), as water
retention is not part of this research. Barcelona is a
Csa area according to the Koppen-Geiger Climate
Classification map.

The first two sites are two parks built by
Bagursa, and were measured in the same day:

1.Can Cortada: 41°26'04.0"N 2°09'04.7"E

2.Cristébal de Moura:41°24'34.3"N 2°12'15.9"E
The third site is in a terrace of Architecture School
of Barcelona (ETSAB, UPC, 41°23'03"”N 2°06'50"E). It
consists of 340 kg of gravels divided in 17 bags of 20
kg and composed by three different types of gravels
and three different granulometries per each type
(except for one of them for which a third type of
granulometry was not available). Gravel is a
material often used for different types of WSUDs.
The types of gravels are: volcanic, sedimentary and
metamorphic stones.

The analysis of the behavior of these different
types will lead us to conclusions about which
parameters have larger influence in surface
temperatures.

3.Architecture School of Barcelona (ETSAB, UPC):
41°23'03"N 2°06'50"E
The two parks were measured on October 15 2021
and the gravels in November 19" 2021. The
optimum dates for the measurements would have
been during the summer season; however, it was
impossible to have nor the machines nor the
permissions in one of the sites to measure before.
In any case, the trend obtained is similar to 2016-
2018 measurements so that conclusions about the
influence of some parameters for the surface
temperatures can be stablished.

In 2016 and 2018 we could see that systems
which retain water or are in direct or indirect
contact with water have a surface temperature in
summer which is always lower than the
environmental temperature in the hottest hours of
the day. The main examples analyzed then were the
vegetated surfaces of the infiltration basins of the
WSUDs built in Can Cortada and an existing blue
roof and a blue roof prototype (in “La Fabrica del
Sol”, Barcelona), when there was water in the blue
roof. The difference measured, for the Can Cortada
greened infiltration basin area, between surface
and environmental temperature (Ts and Te) on
August 28", 2016 was 15.0°(being Ts always lower
than Ts) and a similar difference between
environmental and surface temperatures was
measured 15 days later, on August 12
In the case of “La Fabrica del Sol” blue roof, with an
open joint artificial stone surface, showed Ts up to
16.4°C lower than Te and for the blue roof
vegetated Ts was up to 15.0°C lower than Te on
September 14" 2016. Therefore, water arose as a
first parameter to consider in order to lower WSUDs
surface temperatures, due to its specific heat
(4.1813J-kg™1-K="). This effect didn’t happen for the
systems which couldn’t retain but percolate water
in a moderated or fast way.

Which other parameters can we analyze which
can mitigate surface temperatures?

2.1 Building shade effect:

To see the building shade effect, two WSUDs shave
been chosen: draining concrete and a soil pit tree
(Figure 1 and Figure 2, left and right side pictures
respectively).

Figure 1: Sunny (left side picture) and building shaded
(right side picture points #1’ and #2’) soil pit tree and
draining concrete of Can Cortada (right side point# 1 and
point #2)

Figure2: Sunny soil pit tree of Can Cortada (point# 1°)

SURFACE TEMPERA

Figure 2 shows the difference between Ts and Te in
the whole day sunny soil pit tree. In the hottest
hours of the day surface temperatures are 10.1°C
above Te in October 1t 2021.

On the contrary, the whole day, for the shaded
soil pit tree (Figure 3), Ts was always below Te with
a maximum difference of 3.2°C at 13:00h during the
same day.

Figure3: building shaded soil pit tree of Can Cortada
(point#1).

SURFACE TEMPERATURE &C

t's remarkable that this difference is higher in
summer. During the summer of 2016, Ts (15.7°C)
was 17.1°C lower than Te (32,8°C) in the shaded
area on August, 24" 2016 (hotter date than October
1st) while, in this case the same sunny soil pit tree
had a Ts (48.8°C) 12.3°C higher than the Te (36.5°C)
at 17:00h.
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Draining concrete shows a similar thermal behavior
than the soil pit tree in the same day (Figure 4): in
the hottest hours of the day Ts are 8.0°C above
environmental temperature while shaded draining
concrete on October 1%t 2021 is 4.0°C underneath
Te (Figure 5).

Figured: Sunny draining concrete of Can Cortada

(point # 2’of figure1)
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Figure5: Building shaded draining concrete of Can
Cortada (point # 2 of figurel)
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During the summer the trend is the same but, as it
happens with the soil pit tree, the difference of the
building shaded draining concrete and the sunny
draining concrete measured in August 24™ of 2016
is higher.

Ts (14.8°C) was 18.0°C lower than the Te (32.8°C) in
the building shade while Ts (45.3°C) was 9.3°C
higher than the Te (36.0°C) in sunny conditions.

2.2 Green shade effect:

In this case non-infiltration basins of both parks
were under building shades but some of the WSUDs
were in the shade and green shade effects for
infiltration basins with gravels and sand could be
measured.

Figure 7: Gravels in sunny infiltration basin (point#1)
This similar pattern in a sunny situation in October
1t 2021, during the hottest hours of the day, shows
that for gravels (#1 of the infiltration basin), Ts is
9.5°C higher than Te.
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Figure 8: Green shaded infiltration basin (point#1’ Upper
photo in right side of Figure 9).Cristébal de Moura.

SURFALE TEM

In the shaded situation, Ts is similar to Te and not
so high as in the sunny situation during the same
day as in Figure5.

Figure 9: Cristobal de Moura Park (green shaded sand
pervious surface in lower right and left side photos and
#3point and sand sunny infiltration basin in upper right
side and left side photos #3’point).
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This sand pervious surface is shaded by a big
platanus hispanica which shade lasted during the
measurements.

In this park other construction systems were
measured such as a sunny and a shaded gravel
infiltration basin and also the sunny and shaded
brown draining concrete (points #1 and #1’).

Figure 10:Sunny sand pervious surface (point #3’). Upper
right side photo of Fig. 8,Cristobal de Moura .
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Again, for the sunny situation, Ts (39.3°C,
maximum) is up to 15.5°C higher than Te (23.8°C)
also in August 10" 2021.

Figure 11: Green shade in sand infiltration basin (lower
right side Figure 9 photo, point #3) Green shaded sand
pervious surface (point#3).Cristobal de Moura.
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In this case Ts is 2.70°C (maximum) underneath Te
showing the same pattern seen before.

Although gravel infiltration basins in sunny and
green shade conditions were also measured, results
in the shaded situation are not very reliable due to
the fact that the shade was moving from the same
area because of the discrete canopy.

The comparison between grey and brown draining
concrete will be shown in next section.

2.3. Granulometry and albedo.
Figure 12: Volcanic, sedimentary and metamorphic
gravels with different granulometries.

These measurements were taken in November 5t
2021. They couldn’t be taken in summer for
different reasons: in August the Architecture School
is closed and during the rest of summer months nor
the tools to measure, nor the gravels nor the
weather conditions were gotten. Nevertheless, a
trend related with albedo and granulometry has
been detected.

2.3.1. Volcanic stones:

In this case we have two type of volcanic stones:
the natural volcanic stone and the red volcanic
stone. Both of them show a similar albedo: natural
volcanic stone has an albedo of 12,87% and red
volcanic stone has an albedo of 12,15%. It was
measured with the luximeter the same November
5% 2021. In both cases thermal intertia is also
similar due to its origin and it's 3158,32
m=2 K™ s2, Thus, the parameter which can affect
surface temperature is Granulometry. In this case,
granulometries are 5-10 mm, 10-25 mm and 25-50
mm for both types of stones. In both cases stones
of 5-10 mm are the ones that get higher surface
temperatures once relative humidity of the stones
is in its lower point. Gravels are in the sunniest
terrace of the Architecture School but there were
some hours of shade which can be identified in the
graphics which are until 10:00 h and some shades
from 16:00 h-17:00 h. The pattern is similar in both
cases and depending on the granulometry, once are
under the sun. In both cases, and as in the whole

analysed cases, Ts of gravels are above Te in the
hottest hours of the day. The difference in both
stones between the 5-10 mm granulometry and the
25-50 mm stone is 12.50°C.

Figure 13: Natural volcanic stone: Ts (surfaces
temperatures and Te (environmental temperatures).
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Figure 14: Natural volcanic stone: Ts and Te.
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2.3.2. Sedimentary stones:

We could obtain two types of sedimentary stones,
with granulometries of 6-12 mm and 12-18 mm for
the yellow sedimentary limestone and 6-12 mm, 12-
24 mm and 24-40 mm for the black sedimentary
stone.

In this case albedo is different: 18,75% for the
yellow sedimentary stone and 13,50% for the black
sedimentary stone. These values are coherent with
a lower maximum Ts measured for the yellow stone
(27.60°C) than the maximum Ts (33.0°C) for the
black sedimentary stone (without taking into
account the 24-40 mm granulometry which couldn’t
be obtained for the yellow stone).

Again, once both types of stones get the lowest
relative humidity they get the maximum
temperatures. This fact happens one hour later in
yellow sedimentary stone probably due to higher
albedo.

According to the parameters obtained from the CTE
WEB http://cte-web.iccl.es/ (Cédigo Técnico de la
Edificacion web about construction solutions) [3]
thermal inertia for sedimentary stones is 1628,80 J
m2K?'s 2  This is surely why maximum Ts for
black sedimentary stone is about 4.0°C lower than
for the black volcanic stone, for the stones with the
most similar granulometries (10-25 and 12-24 mm).

Figure 15: Yellow sedimentary limestone: Ts and Te.
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Figure 16: Black sedimentarv stone: Ts and Te.
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About granulometry, while the yellow limestone
shows a similar trend to the volcanic stone (the one
with the smallest granulometry has maximum Ts
around 4.1°C higher than the bigger granulometry
one), black sedimentary stone doesn’t show such a
clear trend. If 24-40 mm sample was removed, the
intermediate granulometry would show a Ts a bit
lower than the 6-12 mm. Unexpectedly, the biggest
granulometry for black sedimentary stone is not
following the same trend.

2.3.3. Metamorphic stones:

We have two types of metamorphic stones: the
pink metamorphic stone, with an albedo average of
19,95% and the red marble metamorphic stone
with an albedo of 16,79% measured with the
luximeter. This lower albedo must affect the higher
temperatures for red metamorphic stones different
from pink metamorphic stones (as it happens with
sedimentary gravels). Maximum Ts for red marble
metamorphic stones is 35.1°C and 24.2°C for pink
metamorphic stone.

Both of them show the same behaviour seen up to
now: Ts is higher than Te in the hottest hours of the
day; however, for pink metamorphic stone, the
difference is very similar (which may be due to the
higher albedo, a 19,94%).

For metamorphic stones thermal inertia is a bit
higher (1944,22 m™2 K™ s7%/2) than for sedimentary
stones (1628,80 J m2K™'s2); however, Ts are
similar between both stone families. It's remarkable
that Ts for pink metamorphic stone are even a bit
lower than for yellow sedimentary stones, in spite
of thermal inertia values, probably due to the
slightly higher albedo of metamorphic stones.

Figure 17:Pink metamorphic stone stone: Ts and Te.
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Again, the smallest granulometry is linked to the
highest maximum temperatures in the hottest
hours of the day, in both cases. Granulometry, for
the intermediate types couldn’t be the same for
both types of stones (it couldn’t be found in the
market); thus, the lowest granulometry Ts for the
red marble gravel coincides with the intermediate
granulometry Ts. It's probably modifying the trend
but, the biggest granulometry of this stone is
changing the trend. In the black sedimentary stone
Ts of the highest granulometry (24-40 mm) is similar
to the intermediate granulometry (12-24 mm) Ts.
As a last case, we can compare grey and brown
draining concrete. These measures were taken in
Cristdbal de Moura and Can Cortada Park the same
day, on October 1%t 2021. Although grey draining
concrete albedo average is 17% and brown draining
concrete average is 19% they have both a similar
thermal behaviour. During the same day, with Te
for both of them between 20.0°C and 25.0°C, both
of them reach a maximum Ts of 35.0°C ; however,
it's true that Ts are higher for brown draining
concrete than for grey draining concrete.

2.4. Thermal inertia:

Thermal inertia is the degree of slowness with
which the temperature of a body approaches that
of its surroundings and which is dependent upon its
absorptivity, its specific heat, its thermal
conductivity, its dimensions, and other factors [4].

The formula and units are: '~ V0 N
m=2 K™ s12], [5].

According to this formula and the parameters found
in CTE web (http://cte-web.iccl.es/)

[3] thermal inertia for the three groups of stones
are:

Figure 22: Thermal inertia calculations.

Thermal Inertia Density Kg*m-3) Conductivity(W/m-K) Specificheat(}/Kg)
Natural volcanicstone = 31583234 850 35 1000
Sedimentary imestone gravel = 162880324 18% 14 1000
Metamorphic stone l= 194.2€m 170 14 1400

(Measured in J m2 K™ s71/2)

3. CONCLUSIONS

There are different parameters which determine
surface temperatures. In this study, through
measurements taken during three years and a half,
we have inferred the parameters most contributing
to mitigate climate change by decreasing surface
temperatures. The parameters analysed are: the
effect of water, the effect of building shades and of
green shades, albedo, granulometry and thermal
inertia.

Firstly, the effect of water was analysed in CTV’'18
Congress. As it has been remembered, systems
which retain water in direct or indirect contact with
water have a surface temperature in summer which
is always lower than the environmental
temperature in the hottest hours of the day. The
difference between Te and Ts reaches 15.0°C for
green surfaces of an infiltration basin (Can Cortada),
16.4°C for La Fabrica del Sol blue roof and 15.0°C
for its blue-green-roof. The difference for building
shades in soil pit trees is 3.2°C (in October 15 2021)
and 17.1°C (in summer, August 24" 2016). In the
case of draining concrete, a similar pattern is
obtained: Ts is below Te, 3.2°C in October 1t 2021
and 17.1°C in summer (in August 24" 2016).

Thus, building shade is very effective (the reduction
of Ts is similar to that of water retention systems) in
case it's required to use soil pit tree or draining
concrete, no matter if the color is grey or brown
because they have similar albedo.

About gravels of WSUDs, like an infiltration basin, Ts
can be underneath Te if it’s under a tree shade or i
it has a big canopy wich projects a constant shade
during the hottest hours of the day, up to 1.20°C in
October 1°t (Figure 8) and probably higher during
the summer. Sand of an infiltration basin behaves a
bit better having a Ts 2.7°C lower than Te (probably
because of its water retention) in October 1%t 2021.
The different would probably be higher in summer
as it its for the other WSUDs.

In relation to gravels of a WSUDs, granulometry
determines a higher Ts under the same thermal
inertia and similar albedo as it happens with
volcanic stones. Volcanic ones have the highest Ts.
Their maximum Ts are double of sedimentary Ts or
a third more than the metamorphic Ts. They also
have the lowest albedos (12,87% and 12,15% for
natural volcanic stone and red volcanic stone
respectively while the rest go from 13,5%-19,94%)
in relation to the other gravels (Figure 19).

About the sedimentary and metamorphic stones
thermal inertia is very similar (1628 J m™2 K™t s~1/2nad
1944,22 } m2 K™ s%2) while volcanic stones have
3158 m2 K™ s¥2 They also have similar albedos
between yellow sedimentary stone (18,75%) and
pink metamorphic stone(19,94%) and black
sedimentary stone (13,5%) and red marble
metamorphic stone (16,79%) while albedos of
volcanic stones are 12,87% and 12,15%. Thus,
thermal behaviour of yellow sedimentary stone
(Fig.15) and pink metamorphic stone (Fig.16) and
black sedimentary stone (Fig 17) and red marble
metamorphic stone (Fig.18) are similar although
they belong to different types of stones.
Surprisingly in these three last groups where 24-40
mm gravels were obtained, this granulometry
behaves worse than the smaller one achieving Ts
higher than the other granulometries Ts in
November 5.

Then, by order of surface temperature decrease,
according to the measurements taken in summer
and during the beginning of autumn (from 2016-
1018 and 2021 respectively) the parameters are:
water retention (direct or indirect), building shade,
green shade with a dense and big canopy, thermal
inertia, albedo and granulometry when it’s very
different.
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ABSTRACT: The Climate Change phenomenon continues to affect urban areas and their populations, the Urban Heat
Island Effect (UHI) related impacts, such as heatwaves, are known to affect the climatic conditions of cities and increase
the thermal stress of citizens. This research investigates the implications of heat stress on citizens' thermal comfort by
analysing the Universal Thermal Climate Index (UTCI); and, based on well-known urban cooling principles and
techniques, proposes an innovative water-based cooling system design specifically to reduce peak temperatures during
heatwaves in outdoor areas, promoting enhanced spaces (urban oasis) that improve citizens' thermal comfort during
heat stress conditions. Applying a research through design approach to optimise and document results in a series of
iterative design-test-optimisation processes. The cooling potential of the "downdraft-evaporative-windcatcher" (DEW)
Cooling Fagade is simulated in a testbed combining four variables into twenty different configurations, the best-
performing configuration (in the UTCI values) is later applied to a case study in the city of Milan, Italy.

KEYWORDS: Research Through Design, Urban Heat Island Effect, Human Thermal Comfort, Climate Sensitive Design,

Downdraft Cooling, Evaporative Cooling

1. INTRODUCTION

The global warming we are experiencing more critically every
yearin urban areas is a combination of factors, phenomena, and
occurrences. The so-called urban heat island (UHI) effect refers
to the difference in temperature between rural and urban areas,
mainly due to the cities' absorption, creation, and retention of
heat. It primarily occurs due to substituting the natural
landscape with an urban layout, retaining heat during the day,
and releasing it back into the atmosphere above the city at night
(1). Directly impacting human physical health through exposure
to high temperatures during heatwaves, thus increasing the risk
of thermal discomfort, dehydration, and cardiovascular diseases
such as heat strokes (5).

Various factors impact citizens' thermal comfort; the urban
morphology and the local climate are among the most relevant.
The urban morphology consists mainly of public spaces (parks,
streets, squares, and water bodies, among others), buildings
shape and scale, street geometry, vegetation cover, and the
typology of materials used to build them. Such unique
configurations determine the city's diverse microclimates (1)
according to their orientation and exposure to solar radiation
and natural ventilation.

Research on cooling outdoor microclimates has gained much
attention in the last decades due to the continuous increase in
global temperature and the increasing intensity of heatwaves
that strike cities worldwide. Extensive research has

demonstrated water systems' relevance and applicability to
reducing air temperature due to the cooling potential of water
evaporation and heat transfer principles (1, 2, 3, 4).

This research investigates evaporative cooling principles and
techniques by designing an innovative Water-Based Cooling
System (WBCS) to a prototype level, aiming to reduce peak
temperatures during heatwaves in urban areas. The
"downdraft-evaporative-windcatcher" (DEW) Cooling Fagade is
introduced into the urban fabric to promote enhanced spaces
(urban oasis) and improve the thermal comfort of citizens during
heat stress conditions.

During the research, we analyse microclimatic parameters
(at the local scale) to estimate people's heat stress levels, such
as air temperature (Ta), relative humidity (RH), wind speed (ws)
and the mean radiant temperature (MRT). Finally, we use the
Universal Thermal Climate Index (UTCI) to determine heat stress
conditions as a comprehensive heat budget model.

2. METHODOLOGY

The research initiates by studying water-based cooling
principles and other compatible cooling techniques to identify
the most suitable combination of variables to develop effective
whbcs.

In this research paper, two (digital) scenarios are analysed: a
testbed and a case study. Both have variations A and B. The first
(A) represents the business as usual of the location named in the

research reference case. The latter (B) tests the wbcs
performance.

The whbcs efficiency is analysed through simulations that
evaluate the thermal behaviour of the model, imputing and
changing four variables one at a time—facilitating the evaluation
of each variable's importance at the moment of choosing the
most effective combination for the final prototype.

Both simulations were analysed in the climate region of
Milan, Italy, in the year 2015; selected for its heat stress
characteristics and data availability within the epw? database -
the preferred method for running the climatic simulations with
the software ENVI-met-. The month of July presented the mean
maximum Dry Bulb Temperature (DBT) and is being chosen for
running the simulations on the first day of the month, from 12
hrs. to 19 hrs.

The data extracted from the simulations is always at a
selected grid 'x', measured at 1.5 m from the street level, at
precisely 16 hrs., and at one meter from the building facade.

The methodology is based on three steps to design, test and
analyse the innovative whbcs.

Step one: analysis and selection of suitable urban cooling
principles; step two: data-driven spatial analysis (identifying the
intervention areas); and step three: prototyping responsive and
adaptive solutions for outdoor thermal comfort.

2.1 Step One: Urban cooling principles.

The fundaments of thermodynamics have been applied for
centuries as a cultural representation of architectural design
seeking to cool down indoor and outdoor spaces.

In current days, spatial planning principles and techniques
are typically used for cooling outdoor urban environments. The
essential principles for cooling outdoor environments are
natural ventilation, blocking solar radiation, improving albedo
properties of materials, ground heat exchange, water
evaporation, and evapotranspiration from green areas (1, 2, 3).

In this case, where a water-based solution has been
developed, the principle taken into consideration are the
downdraft effect and natural ventilation, relying on water
evaporation as a cooling technique where surface-area to
volume-ratio indicates the speed at which water changes from
liquid to gas. Considering that water requires high amounts of
energy to evaporate and that the higher the surface area
exposure is, the higher the energy transfer due to heat exchange
may be.

2.1.1 DEW Cooling Facade.

The downdraft-evaporative-windcatcher cooling facade
(DEW Cooling Facade) presented in this paper is a digital
prototype; designed as a self-support modular system and
installed on a building facade as a second skin. Regardless of the
building's new or existing conditions, the system's first benefit is

reducing the incident solar radiation and, thus, the overall heat
load and energy consumption of the building.

Following the design of a windcatcher, the air intake is built
1.5 m above the building's roof level to capture natural
ventilation, equipped to close and open according to the desired
needs.

The top of the system is equipped with a water nebulisation
system at variable heights (15-20 m), according to the building.
It creates a cloud of micronised water that evaporates when
climate conditions are adequate (hot, semi-humid/dry), thus
creating a downdraft current directed to the pedestrian level.
Image 1 shows the system's conceptual drawings and rendered

images of its attachment to the fagade of a building.
Figure 1: DEW Cooling Fagade. Conceptual drawings & rendered images of the
top & lateral views of the system. Source: Author, 2022

The system uses front panels made from porous and water
absorbent materials (aired baked clay) in identical built-in
modules of 60x120 c¢cm. The lateral and back panels are of
aluminium, forming a confined space for the improved air -
similar to an A/C ducting system- with a shaft approximately of
50x60 cm wide. Image 2 shows the air intake and the
nebulisation system installed.

Figure 2: DEW Cooling Facade. Air intake and nebulisation system views.
Source: Author, 2022

Beyond the specific contributions of the downdraft cooling
effect, other contributions are possible; the panels' are designed

1 Extensions of epw files are data files associated to specific software, in this
case they are used for ENVI-met to input climate data.
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with symmetric concave areas to support local flora and fauna
proliferation, as plants may be installed in the concave areas.
They absorb water from the porous, wet panels, sprayed from
the inside, a point at which this system may be considered a
green wall.

The panels can absorb and retain rainwater during heavy
storms (20% to 35% absorption); the water retained in the
panels slowly evaporates, infiltrates the storage unit or the soil,
reducing runoffs to sewage systems. Thus, becoming a
responsive and adaptive building skin designed to improve the
outdoor thermal comfort of citizens and provide a series of co-
benefits to outdoor climate adaptation.

Other specific elements could improve the system, such as
installing solar panels, mechanical ventilation, and water
filtration systems.

2.2 Step Two: Data-driven spatial analysis. Identifying the
intervention areas.

Providing data to decision-makers supports them in better
understanding where solutions will have the most impact. The
methodology for selecting the intervention areas considers
crossing local microclimate data with the urban morphology,
showing priority areas to assess.

The analysis uses multiple software, starting by opening and
modifying municipality blueprints with software such as Revit or
AutoCAD. These files are not directly compatible with the
software ENVI-met; thus, other software is needed for
transferring the information to ENVI-met. (e.g., Sketch-Up with
the ENVI-met plugin installed).

ENVI-met version 5.02 is a three-dimensional modelling
system designed to simulate microclimate conditions in the
urban environment based on the fundaments of fluid and
thermodynamics (3).

Image 3 shows the software (sketch-up & ENVI-met spaces)
used to build the model's urban morphology; later,
microclimatic data inputs are added to the model. When
preparing the simulation, it is opted to use epw files to input the
local climate variables using the full forcing option in ENVI-guide.

Figure 3: Data-driven analysis. The image on the left is realised with the
software Sketch-Up; the image on the right is with ENVI-met Spaces. Source:
Author, 2022

3.3 Step Three: Prototyping innovative water-based systems
for outdoor thermal comfort. The DEW Cooling Facade
Prototype.

The DEW Cooling Facade prototype has been designed and
analysed, considering its cooling potential and efficiency. The
first aspect analyses the extent of the prototype to reduce heat

stress by considering the thermal comfort conditions (UTCI, °C).
The second aspect analyses the cooling potential (Ta, °C), its
total water (I/h) and energy (w/h) consumption.

Twenty configurations are simulated in the ENVI-met
software, representing the combination of four variables v1,v2,
v3, and v4 (v1-v4).

v.1= refers to the nebulisation output regarding the number
of nozzles, water nebulised per nozzle, and total water/energy
consumption. Six systems are tested in this paper. The first
nebulisation system (s.1) was tested with a total consumption of
432 1/h and 1250 w/h. This nebulization system was simulated
in virtual prototypes: 1a, lab, 2a, 2ab, 3a, 3ab, 4a, 4ab, 5a and
5ab. The second nebulisation system (s.2) was tested with a total
consumption of 144 I/h and 680 w/h in the virtual prototypes
5a, 5ab, 6a, 6ab, 7a, 7ab, 8a and 8ab. Table 1 shows values for
both nebulisation systems, underlining the two systems used as
v.1 during the simulations.

Table 1: The DEW Cooling Fagade Prototype. Variable, v.1 (Nebulization System
Configurations), considers the number of nozzles and the water/energy
consumption. Source: Author, 2022

system total  output per output water energy
type nozzles nozzle (ug/s) consumption consumption
(pzs) (I7h) (i7n) (wrh)
s.1 20 62 347 1249 3250
s.2 20 21 115 414 1250

v.2=refers to the width of confinement used to channel the
improved air. Two options were tested: one represents a single
wall of 30 cm wide, and the other represents a normal wall of 45
cm wide which is commonly used in the ENVI-met software.

v.3= refers to the materials used to build the system. Two
different materials are included in the simulations: the first is
aerated brick with a solar absorptance of 0.6 frac, and the
second material is aluminium with a solar absorptance of 0.1
frac. The terminology frac refers to the fraction of solar radiation
absorbed by a given material.

v.4= refers to the installation height of the nebulisation
system. Two heights are used during the simulations, 15m and
20m. Table 2 shows the four different variables and the twenty
combinations (Prot. 1a to 8ab); the results are shown in Figure

4.

Table 2: Twenty configurations of the DEW prototype, combining four variables:
nebulisation output (v.1), width (v.2), materials (v.3), and the system's height
(v.4). Source: Author, 2022.

Neb.1 Neb. 2 Neb.3 Neb. 4

34Tpgls 34Tgls 115pg/s 115pg/s
15 mt 20 mt 15 mt 20 mt

Prot. 1a Prot. 1ab Prot. 2a Prot. 2ab
v.l 34Tpgls 34Tgls 34Tpgls 34Tpgls

v.2 single wall single wall single wall single wall
v.3 brick brick
v.d 15 mt 20 mt 15 mt 20 mt

alluminium  alluminium

Prot. 3a Prot. 3ab Prot. 4a Prot. 4ab
34Tpgls 34Tgls 34Tpgls 34Tpgls
normal wall normal wall normal wall normal wall
brick brick
15 mt 20 mt 15 mt 20 mt

alluminium  alluminium

Prot. 5a Prot. 5ab Prot. 6a Prot. 6ab
115pg/s 115ug/s 115pg/s 115pg/s

single wall single wall single wall single wall
brick brick
156 mt 20 mt 15 mt 20 mt

alluminium  alluminium

Prot. Ta Prot. fab Prot. 8a Prot. 8ab
v.l 115pg/s 115ug/s 115pg/s 115pg/s
v.2 normal wall normal wall normal wall normal wall
v.3 brick brick
v.d 15 mt 20 mt 15 mt 20 mt

alluminium  alluminium

A1x1;

4. RESULTS

The first scenario to be analysed is the testbed. The
reference case (A) is without a prototype. The data was collected
at a 1.5 m high and 1 m distance from the building’s fagade. Six
parameters are collected for data: Wind direction (deg), flow w
(m/s)?, wind speed (m/s), air temperature (°C), RH (%), MRT (°C),
and the UTCI (°C), as presented in Tables 3 & 4.

Table 3: Testbed Scenario - A: Reference case. Results of the model without any
whbcs. Source: Author, 2022

Reference Case (A)

P Tme  Floww ws Ta RH MRT uTCl

(mis) (mis) (°C) (%) ('C) (°C)

01.07.2015 120000  0.01 0.0 303 447 396 326
01.07.2015 13.00.00 { 0.02 0.1 327 36.2 453 354 |
01.07.2015 14.0000 | 0.2 0.1 338 329 473 85 |
01.07.2015 15.00.00 | 0.03 0.1 344 136 479 373 |
01.07.2015 1a.uo.oo§ 0.03 0.1 350 350 475 379 E
01.07.2015 17.00.00 | 003 02 349 341 453 AN

01.07.2015 180000 003 02 341 388 424 362

01.07.2015 19.0000 003 02 325 430 342 33.0

" 003 " 012 " 341 " 344 " a6 " 369

After extracting the data, an average during operational
hours is calculated (13 hrs to 17 hrs) as a comparative value
between the twenty different simulations. We can observe that
the average Ta is 34.1 °C, and the UTCl is 36.9 °C (the range of
no thermal stress conditions is between 9°C and 26°C).

After acquiring the data from the simulation without the
prototype, twenty simulations are performed using the same
microclimate parameters and urban morphology. The only
difference is introducing the different variables (v.1 to v.4).
Figure 4 presents the results of the parameters collected in the
twenty simulations.

Figure 4: Results of the twenty configurations of the DEW prototype. Data
collected are Ta, MRT, RH, ws and UTCI. Prototype 4a, 4ab and 8a perform best
in terms of UTCI. Source: Author, 2022

90.0
80.0
700
60.0
50.0
40.0

30.0
20.0
10.0

0.0

mTa(°C) ~ MRT(°C) © RH (%) =ws(m/s) mUTCI(°C)

When comparing the UTCI data from all the simulations, it is
possible to determine that the best performing is Prototype 4a
with the configurations v.1=347 pug/s, v.2=normal wall (45cm
wide), aluminium shafts at 15 m high.

Table 4 presents the values of Prot. 4a. The prototype shows
the best resultsin all parameters except for the RH, which shows
high humidity levels inside the shaft. This prototype is selected
to apply in the case study.

Table 4. Testbed Scenario - B: WBCS case. Results of the model with Prot. 4a.
Source: Author, 2022.

WECS Case (B) with prot. 4.a_normal wall_alluminium_15mts_34Tpgls

) Flow w ws Ta RH MRT uTcl

Date  TMe ‘ms) (ms) (C) % () (0
01.07.2015 120000 005 | 01 22 488 M9 305
01.07.2015 13.0000 | -0.23 04 214 989 40.5 295 |
01.07.2015 14.00.00 | -0.24 05 213 98.8 390 200 |
01.07.2015 150000 | -0.29 06 218 987 389 292 |
01.07.2015 16.00.00 | -0.29 0.6 225 99.7 380 296 |
01072015 170000 | -029 | 06 22 994 39 288 |

01.07.2015 18.0000  -0.29 06 277 626 337 302

01.07.2015 19.00.00  -0.10 02 314 432 29.8 309

" w021 " 053 " 219 " 991 " 3.5 " 292

The Prot. 4.a presents an average Ta of 21.9 °C and a UTCI of
29.2 °C. Figure 5 shows the cooling potential of the prototype in
a floor plan at 16.00 hrs, where the cooling effect is of 12. 5 °C
in the first 15 m away from the fagade and reduces its effect
drastically to 7°C after 35 m distance.

Figure 5. Testbed Scenario — B: wbcs simulation: Analysis of the Ta for Prot.4a in
a floor plan. The location where the data was collected for the simulation is
represented with a star. Source: Author, 2022.

2 Flow w represent the wind speed inside the shaft, thus, the downdraft effect.
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4.1 Case Study. Sammartini, Milano

The second scenario to be analysed is the case study
developed in the City of Milan, Italy. Confined by the roads Via
Giovanni Battista Sammartini (1) and Via Cristoforo Gluck (2). It
has an approximate perimeter of 250x470 m and a total area of
117,500 m2. Figure 6 shows the location of the streets where

the scenario is analysed.
Figure 6. The aerial photo of the city of Milan. Via G.B. Sammartini (1) & Via C.
Gluck (2). Source: Google Earth Pro, 2022.
P;l A Y o 2 > B

" 2%
é Y L 4 ~

As before, the reference case (A) is analysed without a
prototype, and the whbcs case (B) is simulated with prototype 4a.
Figure 7 shows a map representing the reference case (A), with
Ta ranging from 31.5 °C to 34.3 °C. It is possible to observe that
both streets present the highest Ta ranges, making them ideal
testing sites for the DEW Cooling Facade prototype.

Figure 6. Case Study Scenario - A: Reference case. Results of the model without
any wbcs. The location where the data was collected for the simulation is
represented with a star. Source: Author, 2022.

Potential Air Temperature

W oz

;: HNRECONER

i

L

6000 H0O00 12000 15000 48000 24000 24000 27000 30000 33000 36000 3000 4000 45000

To simulate the whbcs case (B), locating the prototype in the
software grids with source points is necessary. Twenty-one

source points were located (represented with an orange cross);
each represents a DEW Cooling Fagade System configured by the
Prot. 4a, their approximate total consumption is 9,072 I/h and
26,250 w/h.

Figure 7 shows the location and distribution of all the point
sources by street. In Via Cristoforo Gluck, 13-point sources were
placed with a total consumption of 5,616 I/h and 16,250 w/h.
Meanwhile, in the street Via Giovanni Battista Sammartini, 8-
point sources were placed with a consumption of 3,456 |/h and
10,000 w/h.

The map also presents the areas of improved Ta, with
maximum values of 5.8 °C, showing the cooling potential of the
DEW Fagade System.

Figure 7. Case Study Scenario - B: WBCS case. Map showing the location and
distribution of all the 21-point sources by street, each represents one Prot. 4a,
marked in orange crosses. Source: Author, 2022.
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The UTCI data from cases A and B are compared in Figure 8.
We can appreciate a temperature drop when the prototype is
operational from 12 hrs, keeping the temperature below 33.5 °C
at the hottest moment of the day, thus, preventing very strong
heat stress from occurring. Providing moderate conditions
alongside the streets throughout the day (the range of strong
and very strong thermal stress conditions are between 32-37 °C
and 38-46 °C, respectively).

Figure 8. UTCI comparison between A & B in the case study. The two
configurations have differences in temperature of about 8.9 °C. Source: Author,
2022.

UTCI (°C) Comparison Sanmmartini

41.0
39.0
37.0
350
330
31.0
Be 12 hrs 13 hrs 14 hrs 15 hrs 16 hrs 17 hrs 18 hrs 19 hrs

—Reference Case (A)  32.9 341 346 35.0 34.8 40.0 36.1 203
——WBCS Case (B) 329 32.7 330 34 33.0 319 311 293

5. DISCUSSION
This research explores the efficiency of the DEW Cooling
Facade prototype using the downdraft cooling principle in the

climate region of Milan, Italy. Focusing on reducing Ta in urban
areas and promoting enhanced spaces (urban oasis) that
improve citizens' thermal comfort during heat stress conditions.

Twenty simulations are tested in a digital testbed combining
four different variables (v.1. output of the nebulisation system,
v.2. width of the confinement, v.3. materials used in the outer
panels and v.4. installation height of the nebulisation system).
The four variables analysed and combined among each other
have different levels of relevance.

V.1. Nebulisation Output. In all the tests performed, the most
relevant variable was the water output, all the combinations
using higher outputs of nebulisation had a better cooling effect,
regardless of the other variables. The testbed presented Ta
reductions up to 12.5 °C up to 35 m from the prototype. The
system that performed best was Prot. 4a using a total
consumption of 432 |/h and 1250 w/h (from 12 to 17 hrs) see
table 4.

Reductions in water consumption may be achieved by
lowering the pg/s used per nozzle, reducing the amounts of
nozzles in the system, or the total operational time.

V.2. Width of Confinement. The confinement greatly
impacted the RH inside the shafts, increasing the original value
from 35 % to 99 %. Substantial reductions on the RH were
documented in relation to further distances from the prototype.

Another interesting result was the value documented for the
flow w inside the shaft, related to the downdraft effect from the
evaporated water. It shows that it increased its original value up
to 9.6 times, from 0.03 m/s to 0.29 m/s. It proves that the
downdraft effect is calculated by ENVI-met, regardless of using
a single wall or a normal wall as confinement (terminology
commonly used in the software). To our knowledge, such a
finding has not been revealed.

V.3. Materials: Two materials were used (aluminium panels
and baked clay). The prototypes built with aluminium layers had
better performance on average. This situation may have
multiple explanations as the aluminium absorbs and retains less
heat during the day than clay, the air flows faster in such
material, or the hot metal supports faster evaporation of the
nebulised water.

V.4. Height of the Nebulisation System: The least influential
variable was the nebulisation's height; a range of 5 m was
insufficient to detect a significant difference between the two
distances analysed (15 m and 20 m). In general terms, the
cooling potential was higher at 15 m height. However, when
testing only the nebulisation systems without the confinement
provided by the prototype, the improved air dissipated fast,
barely providing any cooling potential at pedestrian levels (1.5
m).

The UTCI analysis in the testbed revealed a maximum
temperature reduction of 9.1 °C with a range of improvement
from 37.9 °C (strong heat stress) to 28.8 °C (moderate heat
stress).

During the case study, Prot. 4a was tested. It reduced the air
temperature up to 5.8 °C. In the case of Via Cristoforo Gluck,
those conditions were perceived at about 330 m along the street

following predominant wind directions. The UTCI analysis
showed improvements of 8.9 °C, providing moderate heat
conditions during the day and avoiding very strong heat stress
conditions that would be otherwise above 40 °C.

6. CONCLUSION

This paper provides insight into the direct impacts on
thermal comfort by reducing exposure to high temperatures
during heat stress conditions. Moreover, it uses different
principles and techniques to develop innovative water-based
cooling solutions.

The downdraft-evaporative-windcatcher cooling facade
(DEW Cooling Fagade) is presented and analysed in this paper,
demonstrating the potential of downdraft cooling. Two digital
scenarios are analysed, one as a testbed and the second in a case
study in Milan. In the testbed, we analysed twenty prototypes
combining four variables, providing results of their cooling
effect; we then selected the best performing prototype and
used it to analyse the case study. Regarding the UTCI analysis,
the values presented temperature reductions of 9.1 °C;
meanwhile, the case study showed reductions of 8.9 °C, avoiding
the strongest impacts of heat stress in surrounding areas of the
prototype.

The prototype provides the possibility of higher comfort
levels, where users can find a place to cool and relax in outdoor
spaces avoiding strong and very strong heat stress conditions.
Such improvements are directly reflected in livelihoods and may
promote outdoor activities, better health among citizens and
thus, fewer heat-related deaths.

Decision-makers and practitioners interested in improving
citizens' thermal comfort may use the procedures and results
presented as part of the tools to tackle heat stress in cities. For
example, by selecting the most suitable intervention areas
where such a typology of wbcs may have the most impact,
promoting at the same time enhanced urban spaces (urban
oasis) that improve citizens' thermal comfort during heat stress
conditions. This approach integrates resilient public spaces,
urban design practices, academic research, and climate policies.
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Will Cities Survive?

Sky View Factor and Urban Heat Island Mapping
Applications in Barcelona

AGNESE SALVATI" JORDI CASALS' JUDIT LOPEZ BESORA' HELENA COCH'

T Barcelona School of Architecture, Polytechnic University of Catalonia

ABSTRACT: This study proposes a methodology to map urban heat island intensity based on sky view factor (SVF)
data, using Barcelona as a case study. We used LiDAR data to generate the SVF map of the city and empirical
and simulation data to obtain the relationship between nighttime urban heat island intensity and canyon SVF in
Barcelona. The data were processed and interpolated in a GIS software to obtain the micro-scale and local-scale
urban heat island map of the city. The methodology proved effective in showing hot and cold spots across the
city. Some unexpected results were used to discuss the validity and limitation of the urban canyon model
approach for those urban fabrics with more heterogeneous morphology.

KEYWORDS: Sky View Factor, Urban heat Island, Urban microclimate, Urban form, GIS

1. INTRODUCTION

The rise in global and urban temperature has
become a serious risk for urban health [1]. The risk
is amplified in cities due to the presence of the
Urban Heat Island (UHI), increasing air temperature
compared to the surrounding rural areas, especially
during the night [2]. The UHI exacerbates heat-
related health impacts by increasing heat stress
during the day and reducing cooling potential and
relief at night. The UHI also significantly increase
the cooling energy demand of buildings in summer
[3-4]. For these reasons, improving the
microclimate conditions of urban spaces would play
a pivotal role to improve health and wellbeing of
urban population and to reduce energy
consumption at the urban scale, increasing urban
resilience to climate change.

The UHI intensity varies across the city
depending on the characteristics of the urban fabric
[5-6]. Mapping the spatial distribution of the UHI
intensity is not an easy task, due to the
heterogeneity of the urban fabric in terms of form,
anthopogenic heat generation and vegetation
cover. However, studies have shown that urban
form takes a dominant role on the local-scale UHI
intensity because it is correlated to several causes
of the UHI [7]. The complex three-dimensional
geometry of the urban surface produces multiple
reflections of the incident solar radiation, increasing
solar absorption [8]. It also reduces the long-wave
radiation loss at night, due to reduced openness to
the sky. Furthermore, the roughness of the urban
surface reduces the turbulent heat transfer out of
the urban canopy, due to the reduced wind speed
between buildings [9]. All these effects are related
to the percentage of sky “seen” by urban surfaces,

which is expressed by the parameter Sky View
factor (SVF), ranging between 0 and 1 for totally
obstructed and completely open spaces,
respectively. This explains the relationship between
the night-time UHI intensity and the SVF of street
canyons identified by Oke for various cities of the
world [9]. A negative correlation between UHI
intensity and SVF was confirmed also by more
recent studies [10-12]. Based on these
assumptions, this study presents a methodology to
map the UHI intensity of Barcelona based on the
SVF of urban spaces.

2. METHODS

The methodology is based on consecutive steps:

1) Generation of a high-resolution map of the
SVF of the urban fabric of Barcelona using LiDAR
data

2) ldentification of the relationship between
canyon SVF and UHI intensity in Barcelona using
simulations and measurements

3) Generation of a continuous map of UHI
intensity at local scale using spatial interpolation.

2.1 Generation of the SVF map of Barcelona

The open-source GIS software QGIS was used to
generate the Digital Surface Model (DSM) of
Barcelona and to calculate the SVF in each cell. The
DSM was created from the LiDAR 3-D point clouds
file (0.5 points/m?) provided by the Catalonia
Cartographic and Geologic Institute (ICGC),
corresponding to a 2016 flight. The accuracy of the
original DSM was increased by applying a semi-
automatic method (VisionLidar 30.0.01.116.40) to
improve the classification of land, building and
vegetation. A Digital Terrain Model (DTM) was

created from the reclassified data by including only
the ground points. The detailed building data
available from CartoBCN
(http://w20.bcn.cat/cartobcn/) were then added to
the optimised DTM to generate a new, more
accurate, DSM at 2m resolution. The new DSM was
used to calculate the SVF of each cell using the
module “Sky View Factor” of the SAGA-GIS Module
Library (v2.2.0). The resolution of the SVF map was
set at Ix1 m.

2.2 Relationship between SVF and nocturnal UHI
intensity in Barcelona

We used air temperature measurements in
urban canyons and simulation results by the Urban
Weather Generator (UWG) model to identify the
relationship between canyon SVF and nighttime UHI
intensity in Barcelona.

The measurements were taken at the street
level (1.2m height) at 1AM during three nights of
July 2014 in eight urban canyons of the
neighbourhoods of Raval and Gracia. The canyons’
SVF varied between 0.18 and 0.88. More details on
the characteristics of the canyons can be found in a
previous publication [3]. The UHI intensity was
calculated as the temperature difference between
each canyon and the airport weather station. Linear
regression analysis was performed to identify the
relationship between the canyon SVF and the night-
time UHI intensity.

The relationship between the canyon SVF and
the UHI intensity was investigated also using the
urban canopy model UWG [13]. The UHI intensity at
1 AM over one week of July was simulated for five
urban textures. The results were correlated to the
SVF of the urban canyon used in UWG calculation
[14]. More information about the textures can be
found in a previous study [5]. Linear regression
analysis was used to identify the relationship
between the nighttime UHI intensity and the
canyon SVF according to UWG results.

2.3 Mapping the local-scale UHI intensity across
the city of Barcelona

The last step of the methodology was aimed at
generating a continuous map of the nighttime UHI
intensity at the local scale in Barcelona.

The SVF map generated from the previous steps
is continuous and has a spatial resolution of
Imx1m. This means that there are different SVF
values along the section of each urban canyon. The
SVF is highest at the central point of the canyon -
the point equidistant from the buildings - and
lowest at points close to the facade of the buildings.

According to Oke [9], the relationship between
SVF and canyon geometry applies to the central
point of the canyon. For this reason, the SVF of the

centre point of all open spaces was extracted from
the detailed SVF map. This was done using the QGIS
tool 'Euclidean distance', which identifies points in
urban spaces that are equally distant from any
buildings. This resulted in a new type of SVF map,
represented as a network of lines running through
the midpoints of all open spaces: each point on
these lines has a SVF value that depends on the
distance to surrounding buildings. This map was
used to establish the expected value of the
nighttime UHI intensity based on the SVF of the
urban canyons, applying the relationship previously
derived for Barcelona.

The last step of the methodology was the spatial
interpolation of the UHI values of the canyon
network. This was done to up-scale the calculated
point-by-point UHI values into a local-scale
atmospheric UHI intensity, which is the result of the
spatially averaged energy balance over a larger
urban area. For this purpose, the inverse distance
weighted (IDW) technique was applied to
interpolate the UHI values, considering a radius of
50 meters. The output map represents the expected
spatial distribution of the nighttime UHI intensity at
the local scale in Barcelona.

3. RESULTS

3.1 SVF and UHI intensity in Barcelona

Equation 1 reports the relationship between the
nighttime UHI intensity and the canyons’ SVF based
on measurements:

UHI night = 3.7 - 2.1 SVF (R*=0.58) (1)

The comparison with the relationship obtained
from simulation results and the one reported by
Oke [9] for European cities is reported in figure 1.

Figure 1:
Relationship between SVF and nocturnal UHI intensity in
Barcelona based on measurement and simulation results.

Nocturnal UHI and SVf in Barcelona based on
measurments and simulations (UWG)
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The graph shows that the UHI intensity
measured in Barcelona is lower compared to the
one according to Oke’s relationship, for the same
canyon SVF. However, this was expected because
Oke’s correlation is based on the maximum
nighttime UHI intensity, while the data used in this
study correspond to the UHI intensity over some
days of July, at 1AM.

The comparison between measurements and
simulation results reported in Figure 1 shows that
the UHI intensity estimated by UWG is lower than
the one measured in the eight urban canyons. The
robustness of the relationship expressed by the
coefficient of determination R? is also lower for
simulation-based results (R?=0.50) than
measurement-based data (R?=0.58). For this reason,
we used the measurement-based relationship to
generate the UHI map.

More data would be needed to validate the
robustness of such relationship. However, this is out

Figure 2:

of the scope of this paper, whose main aim is to
develop a methodology to generate an urban-scale
map of the UHI intensity based on the spatial
distribution of the SVF of the open spaces.

3.2. Detailed SVF map of Barcelona

The detailed SVF map of Barcelona is reported in
Figure 2. The map depicts in grey scale the values of
SVF of all horizontal surfaces, including roofs and
streets. The SVF is expresses as a percentage (0-
100), representing the ratio of sky seen by the
surfaces.

The map clearly shows the different
morphologies of the urban fabric of Barcelona
determined by changes in building density, building
typology and street network in terms of width of
the streets and distance between intersections.

The impact of trees on the SVF has not been
included in this map. For this reason, the parks and
squares of the city appear as white patches.

Top) Detailed SVF map of Barcelona. Bottom) map of the UHI intensity of the open spaces. The SVF map is available online:
https://barcelonatech.maps.arcgis.com/apps/webappviewer/index.html?id=b7c1817870714402b610cc847f22827e).
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3.3 Map of the UHI intensity across the city of
Barcelona

The bottom part of Figure 2 represents the map
of the UHI intensity obtained by applying equation 1
to the SVF of the middle point of open spaces in
Barcelona. The UHI map was generated considering
the SVF of the horizontal surfaces at the ground
level (i.e. excluding roofs), in accordance with
previous studies correlating the UHI to the SVF of
the middle point of urban canyons [9]-[11].

The map in Figure 2 provides two types of
information. The colour of the lines indicates the
expected nocturnal UHI intensity depending on the

Figure 3:
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SVF of each point. In accordance with Equation 1,
the UHI is higher in the narrow streets of the
medieval city centre compared to more recent
urban developments.

The map also clearly shows how the density of
the street network varies in different
neighbourhoods, according to varying size of the
blocks.

The varying spatial distribution of the network
of the open spaces allows to understand the
resulting UHI intensity at the local scale, reported in
Figure 3.
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The local-scale UHI intensity map is the result of
the interpolation of the UHI intensity of the open
spaces network over a 50m radius. The average air
temperature is in fact the result of a wider source
area than each single urban canyon. For this reason,
the local-scale UHI intensity depends on both the
UHI intensity in each urban canyon and the spatial
distribution of the network of open spaces at the
neighbourhood scale.

For instance, the texture 2 (Raval) is represented
as a red patch, meaning that it is one of the hottest
areas of the city during the night. This result is
explained by the very low SVF of almost all the
streets of that area, which prevents the urban
surfaces to cool down at night by longwave
radiation emission toward the sky.

Conversely, the texture 4 (Gracia) shows some
cool spots across the hot urban fabric. Such cool
spots are the squares of the neighbourhood, that
have a higher cooling potential at night thanks to
the significantly higher SVF compared to the typical
street geometry of this area.

The texture 3 (Ensanche) is different from the
previous cases for both block size and street width.
The streets are wider, the block is larger and the
frequent intersections in the street network
increase the average SVF of the spaces between
buildings. For this reason, this texture shows a
lower UHI intensity at night

Finally, the texture 1 shows a high variability of
the UHI intensity, because of a high spatial
variability of the SVF. In this area, the street
network is wide and with frequent intersections, as
in the texture 3. Conversely, the building typology is
very different from the previous one. Ensanche is
composed of compact building blocks, while Tres
Torres is composed of isolated buildings with
smaller footprint but very close to each other. For
this reason, the SVF between buildings is very low,
while the SVF of the main street network is high. As
a result, the interpolated UHI map shows a red
patch in the middle of each block and much lower
air temperatures in the space in-between blocks.
However, this result is doubtful because the urban
morphology of this urban texture is quite different
from a typical urban canyon, where the facades of
the buildings is assumed to be continuous along the
block. For this reason, the atmospheric UHI
intensity in such urban texture needs to be verified
with measurements.

4. DISCUSSION OF THE RESULTS

The results presented in this study have some
limitations, based on the starting assumptions.

We have assumed that the UHI intensity only
varies with the SVF of the open spaces. On the one
hand, this is a reasonable assumption for a climate

like the one of Barcelona, where the sky is clear
most days of the year and therefore both the
incoming solar irradiation and outgoing longwave
radiation are strongly dependent on the portion of
sky seen by the surfaces. However, other variables
may affect the local-scale UHI intensity, like
vegetation cover and anthropogenic heat from
buildings and traffic, which may vary significantly
even among similar urban morphologies.

Another limitation regards the validity of the
relationship between SVF and UHI intensity, based
on the simplification of the urban fabric to a series
of regular - semi-infinite - urban canyons. This is an
effective approach to reduce the complex urban
morphology to a single parameter - the SVF — which
allows to solve the urban energy balance in the
bidimensional section of the street instead of the
three-dimensional urban geometry. However, when
applied to real-world urban fabrics, an actual
“canyon situation” is difficult to find.

According to Oke [9], a urban canyon is defined
by a ratio of the buildings height (H) to the street
width (W) of more than 0.7 and a ratio of the block
length (L) — distance between main intersections —
to the building height above 6. In these conditions,
the bulk of the flow above the building arrays does
not enter the canyon and a skimming flow regime is
established and the urban energy balance can be
calculated just considering the geometrical ratio of
the street. However, considering such ratios of the
building height, street width and canyon length,
none of the urban textures in Figure 3 would
comply with the canyon situation. These textures
have a street aspect ratio above 0.7, but none of
them has a block length of more than 6 times the
building height, due to frequent intersections in the
street network (Figure 4).

Figure 4:
Width and intersections of the street network in four

urban textures of Barcelona
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intersections is so small with respect to the block
length that it is reasonable to assume a canyon-like
situation. On the opposite, textures like Ensanche
and Tres Torres cannot be modelled as semi-infinite
bidimensional canyons, given the short distance
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between intersections and the discontinuity of the
building facades.

Indeed, there is no evidence to state that an
urban area where the distribution of SVF is very
heterogeneous (e.g. Tres Torres) would have the
same urban climate as another urban configuration
with canyon-like morphology with the same
average SVF, as assumed in the urban climate
models and maps produced in this study. In fact,
changing the building typology from a continuous
block to isolated buildings in sequence has a strong
impact on both the solar radiation absorbed by
building facades and the anthropogenic heat
emitted by the buildings into the atmosphere.

Given the importance of this topic, the next step
of the research will be aimed at comparing the
anthropogenic and radiative heat fluxes of more
complex urban geometries to the equivalent
canyon-like urban configuration, in order to define
the range of validity of a canyon assumption.

5. CONCLUSION

The study presented a methodology to map the
local-scale UHI intensity based on high-resolution
SVF data, measurements, and simulations of the
UHI intensity. The methodology proved effective to
generate a city-scale map of the hot and cool spots
across the city.

The results are deemed more reliable for those
portions of the urban fabric that are more similar to
a canyon-like configuration, considering both the
vertical aspect ratio (H/W greater than 0.7) and the
minimum street length (street length greater than
six times the building height). These conditions are
rare to find in a real city. For this reason, more
investigations are needed to prove the validity of
the urban canyon assumptions and to confirm the
robustness of the correlation between SVF and UHI
intensity.
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ABSTRACT: Decarbonization of buildings requires a new and interdisciplinary approach to education across the
building sector, including architectural education. The paper outlines three high-level goals of a proposed
program: 1) promoting systemic understanding of buildings, climate, and energy; 2) grounding field-specific
knowledge in the context of the building industry as a market system; and 3) iterating between abstract principles
and applied contexts to learn, test, and expand knowledge. Principles from Legitimation Code Theory inform a
proposed sequence of courses that move students through a sequence of alignment, divergence, convergence, and

application over four semesters.

1. INTRODUCTION

The opportunity to decarbonize the building
sector will require new capacities of architectural
education. Passive and low-energy architecture are
widely seen as foundational to needed change and
future innovation. Buildings that use less energy
enhance the promise and potential of new
approaches including distributed renewable energy,
building-integrated  photovoltaics, = automated
construction, and deep energy retrofits of existing
buildings. While architecture has long been
considered an interdisciplinary field, there is a
pressing need for increased coordination and
collaboration with other fields. This paper explains
the rationale behind a graduate education program
proposed to address this opportunity and outlines
the sequence of courses in the proposed program.

2. OVERVIEW OF CURRICULUM AND LEARNING
OUTCOMES

The proposed program is organized around three
high-level learning goals.

2.1 Systemic understanding of buildings,
climate, and energy
There is a litany of calls for architectural education to
include considerations of energy and climate
(Cosper, 2018; Dubois et al., 2016; Reynolds, 1977)
and for building science to be integrated into
programs of construction management (Laquatra,
2015) or engineering (King, 2010). Important efforts
to respond to these gaps in knowledge have focused
on establishing voluntary standards for built
environment education. For example, the pilot
BEEnow Built Environment Education® certification
examines the curriculum of architectural schools to
determine that desired elements are present. Other

efforts to articulate building science education, such
as PNNL's “Guidelines for Building Science
Education,” present a granular matrix of the skills
appropriate across a broad swath of building
industry jobs (Metzger et al., 2015).

Recent work underscores the importance of
instituting a systemic understanding of buildings,
climate, and energy across the built environment
workforce (Truitt et al.,, 2022). The proposed
curriculum responds to these calls and adds to past
efforts by focusing on the need to connect
knowledge of building design and operation, the
dynamics of climate and climate change, and the
production, delivery, and carbon impact of energy
systems. The proposed curriculum brings together
three areas that have historically belonged to
different academic disciplines. Thematic streams
within the coursework of the proposed program
focus on helping students make connections
between disciplines and understand the
interconnection of potential transformations within
the distinct, but connected, fields of buildings,
climate, and energy.

2.2 Field-specific knowledge grounded in the
context of the building industry as a market system
To help students make sense of the interconnections
between buildings, climate, and energy, the
proposed program is grounded by distinguishing
between three perspectives underpinning the field
of energy transitions: the political, socio-technical,
and techno-economic perspectives (Cherp et al.,
2018). These perspectives can help students see past
the blind spots of particular fields. In the context of
architecture, for example, much of Kiel Moe’s work
has questioned the valorization of efficiency at the
expense of a broader understanding of energy and

emergy (Moe, 2007, 2017). Peggy Deamer’s work on
labor has put a focus on architecture’s role in
capitalist systems (Deamer, 2020). Considering these
critiques from the multiple perspectives of political,
socio-technical, and techno-economic can help shed
light on a broader consideration of how the paths
leading to alternative futures can be reshaped.

The proposed program encourages students to see
the building industry as a multifaceted market
system (Araujo et al., 2010). Many theoretical
perspectives from this dynamic field of work are
broadly aligned with the socio-technical perspective,
drawing from different strains of neomaterialist
theory and theories of social practice. While there
are important differences within and across these
bodies of theory, many place value on specificity. Put
another way, these theories contend that knowledge
and action can only be understood in context.

A core tenet of Legitimation Code Theory (Maton,
2014), which draws from Bourdieuan field theory,
contends that knowledge is field-dependent. This
means that the form and content of knowledge itself
varies across fields. In the context of the broader
building industry, engineering knowledge is more
likely to be abstract (knowing how to perform a
certain calculation or procedure), whereas
construction knowledge is more likely to be concrete
(knowing how to work with a given material).
Architectural knowledge combines elements of
abstract and concrete knowledge with the additional
requirements of telegraphing the right kind of
knower, as expressed through preferences for (or
against) particular architects and styles (Bean,
2019b; Carvalho et al., 2009). The proposed
curriculum engages the dimension of Specialization
from Legitimation Code to highlight the difference
between the logics underpinning architectural
education and those operating in different building
industry fields.

2.3 Iterating between abstract principles and
applied contexts to learn, test, and expand
knowledge

Legitimation Code Theory offers a body of
pedagogical research with tested methods that can
be used to operationalize the third principle
underpinning the proposed curriculum: the iterative
journey between abstract concepts and applied
contexts. This type of iterative movement, famously
described by Herbert Simon as having the goal of
“changing existing situations into preferred ones,”
(Simon, 1988) and evident in Schon’s documentation
of the interaction between a design student and
critic (Schon, 1984) has long been a characteristic of
design education in general and architecture
education in particular. Legitimation Code Theory
offers at least two rigorous, robust, and repeatable

ways to proactively structure both curricular
structures and discrete learning activities. One is
evidenced by the body of work on the semantic
wave: a mode of teaching that moves from abstract
concepts, connects the abstract concepts to specific
examples, and then moves back towards the
abstract. This principle, which has been widely
applied in the context of academic writing, has also
been used to help teach chemistry (Blackie, 2014),
identify learning opportunities in the teaching of
fluid mechanics (Pott & Wolff, 2019), heat flow
(Georgiou, 2015), and the second law of
thermodynamics (Chinaka, 2021). A second
opportunity is reflected in recent LCT work that
develops the dimension of Autonomy (Maton &
Howard, 2020). Studies of Autonomy focus on how
teachers and students can create effective bridges
between different sets of practices, essential to
efforts to advance systemic understanding of
buildings, climate, and energy across the built
environment.

3. COURSE SEQUENCE

The following sections outline the course content
and goals of each semester.

3.1 Semester 1: Alignment

The first semester has two goals:

1. Create shared knowledge of the potential
of the built environment to address the
climate crisis. Students will learn why
passive and low-energy architectural
strategies that deliver significant reductions
in energy demand and load are critical to
accelerate and scale the impacts of policy
change and innovation in technologies and
materials. This perspective will be learned
through a class connecting core principles
of passive building design to an
understanding of climate and energy.

2. Informed by educational theory on student
identity formation (Holmes, 2001), help
students construct a new identity as a
future climate professional. This course is
currently under development using an
expert-mentor model, with guest lectures
from professionals and academics at the
cutting edge of their fields. Regular lectures
and supporting materials, such as peer-
reviewed papers, newspaper articles, and
online videos will supplement the lectures
to help backfill student knowledge and
provide a variety of entry points. In addition
to their guest lecture, mentors will interact
at several points during the semester with
small groups of students, and will also
describe to students their personal
experience entering the building industry,



helping to illuminate the diversity of

pathways into and through built

environment careers of influence.
Two additional courses round out the first semester:
one in real estate finance, the other focused on
leadership and teams. These courses, which students
will take alongside students enrolled in a graduate
management program, will help bridge knowledge
gaps in many architectural and engineering curricula.
These gaps reduce the efficacy of professional
architects and engineers because they must often
learn basic business concepts on the job. In turn,
these gaps create limitations on the ability of new
professionals to exercise influence, especially early
in their professional careers.

2.2 Semester 2: Divergence

After the immersive experience of the first semester,
students will choose a concentration area, where
they will work closely with a faculty subject matter
expert in fields such as high-performance building,
district energy, building-integrated photovoltaics,
grid-interactive efficient buildings, or advanced
materials. An intensive core course will cover key
concepts and principles, while a case-study course
will put this knowledge into social and theoretical
context (Moore & Wilson, 2013). In a third class,
students will undertake an applied consulting
project. They will be teamed with students
registered in professional business and information
programs. These teams, which mirror cross-
functional teams common in industry, will
encourage both the reinforcement of the general
knowledge about climate, energy, and buildings
students learned in their first semester, and will help
students practice relating the specialized knowledge
gained in parallel courses in their area of
concentration to their teammates from other fields.
This two-way knowledge flow is influenced by core
concepts from studies of teaching and learning and
will have the added benefit of spreading awareness
of climate, energy, and buildings to students from
other disciplines.

Teams in the consulting class will work on a problem
defined in partnership with an industry partner.
Problems will be defined so that they demand
students grapple with both the technical and
strategic. For example, an HVAC company may be
interested in having students work through
problems and opportunities related to refrigerant
changeover. Because refrigerant management and
reduction have been identified as two of the greatest
needs in addressing climate change and the need for
cooling will only increase as the world continues to
become warmer and more urban, this problem sits
squarely at the nexus of buildings, climate, and
energy. At the conclusion of the spring semester,

students will be strongly encouraged to pursue a
relevant paid summer internship. Program
leadership will work with industry partners to offer
students internship opportunities.

2.3 Semester 3: Convergence

Students will return in their third semester of the
program for a collaborative studio-style course run
in parallel with an advanced consulting course.
Whereas the advanced consulting course will zoom
in to address the complexities and nuances of the
problem addressed in the first consulting course, the
entire cohort of students will reconvene in a studio
environment to learn in the context of a single
building and site. Students may learn through an
engaged studio or through a competition such as the
Solar Decathlon, which has been shown to have
great potential for high-impact teaching and learning
(Bean, 2019a; Herrera-Limones, Millan-Jiménez, et
al., 2020; Herrera-Limones, Rey-Pérez, et al., 2020;
Lépez-Escamilla et al., 2020). This semester will
complete the transition to self-led learning, with
each student charged with the responsibility to
further develop their own area of expertise through
application to a problem case. For example, if high-
performance building, district energy, building-
integrated photovoltaics, grid-interactive efficient
buildings, and advanced materials are defined as the
areas of concentration, students would be charged
with integrating their research into a single, unified
building design that demonstrates the potential of all
five concentrations. The building program and site
location will be chosen to map to pressing global
challenges, such as the demand for high-density
buildings in cooling-dominated regions (Kigali
Cooling Efficiency Program, 2018), preparing
students to work in a global context.

2.4 Semester 4: Application

The fourth and final semester of the program is
intended to launch students into an impactful career
in industry, at a nonprofit, or in government.
Students will complete a thesis under the
advisement of their concentration director and have
the option of undertaking additional coursework or
directed research to support their transition into the
workforce.

3. PEDAGOGY

The program draws from established learning theory
to shape both learner knowledge and identity.
Significant and problematic social and professional
barriers to change exist in existing built environment
professions, for example between the values of
architects, designers, and those in construction. In
response, the pedagogy and structure of the
program is informed by Legitimation Code Theory,

which provides a framework for understanding the
organizing principles that underpin professional
fields. Graduates will benefit from connections with
industry. These same connections will help affiliated
faculty stay at the cutting edge in their fields and
identify new and relevant research questions.

4. CONCLUSION

This paper outlines a proposed four-semester
interdisciplinary program intended to instill a
systemic understanding of buildings, climate, and
energy. The program places passive and low-energy
architecture in context with a systemic
understanding of environment and energy while
providing learners the opportunity to develop
problem-solving and innovation skills in an applied
context.
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The use of BIM tools in e-learning for architecture during the
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A case study at the University of Brasilia
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ABSTRACT: This paper aims at exposing the experiences with the process of distance learning during the pandemic
period in which the University of Brasilia carried out its activities remotely. The object of analysis is the
performance of the students of Architectural Project VI of the Faculty of Architecture and Urbanism. It proposes
to discuss the role of the BIM tool in the process of education of architectural projects. The method adopted for
this work was divided into two phases. The first one referred to compiling theoretical information about e-learning
in the field of Architecture and Urbanism. The second phase consisted in the application of an online questionnaire
to the undergraduate students who were taking the discipline “Architectural Project — Complex functions: Prisons”.
In this stage, a qualitative analysis of data was sought to corroborate the theory identified in the previous stage.
We can conclude that BIM can potentially contribute to achieving optimal results in the design process, considering
the effectiveness of information exchange and communication. Project teams can also benefit from the interaction
between members and collaborative tools, reaching better results. In the process of learning and developing
projects at graduation, BIM also may signalize great possibilities to enrich the design process as a whole.
KEYWORDS: BIM (Building Information Modeling), architectural e-learning, COVID-19 pandemic.

1. INTRODUCTION

It can be argued that with the advent of Industry 4.0,
a fourth industrial revolution is taking shape. This
moment can be characterized by a strong technological
slant impregnated in most processes. A few of them can
be cited, such as the Internet of Things, the massive
automation of industry with robotics, biotechnology,
nanotechnology, and others [1].

In this sense, the impact of these changes has been
discussed in the field of education, when speculating
hybrid methods of tutoring. When the COVID-19
pandemic started in 2019, education systems had to be
reinvented, incorporating newer technologies and
online systems as a solution for the social distance. From
this point of view, a discussion about Education 4.0
started to take place.

Long-distance Education appears as a fast,
integrative and multimedia teaching modality, a digital
technology that contributed for a potential massive
information access [2]. This technology also made
possible knowledge spread, providing conditions for
continuity in the academic year during the mandatory
quarantine period [3].

In this sense, the BIM (Building Information Modeling)
tools may potentially collaborate to improve the new
bottlenecks imposed by distance education when it
comes to teaching Architecture and Urbanism. The core
of BIM methodology is a collaborative framework in

building design. In light of that, it can be argued that
project teams may be benefited by using collaborative
arrangements in order to improve the outcomes of a
design [4].

This paper aims at exposing the experiences with the
process of distance learning during the pandemic period
in which the UnB (University of Brasilia) carried out its
activities remotely. The object of analysis was the
performance of the students of Architectural Project VI -
Complex Functions, a subject of the FAU (Faculty of
Architecture and Urbanism). Thus, it proposes to discuss
the role of the BIM tool in the process of education of
architectural projects.

The present research is divided in two stages,
consisting of a literature review about e-learning in
architecture and BIM collaborative tools. Subsequently,
the second phase is related to a qualitative analysis of
data collected in a survey carried out with students
enrolled in the discipline mentioned. A limitation of this
research is that the data collected cannot be used for
applied statistical purposes. It only intends to
corroborate with the present discussion.

2. ARCHITECTURE AND URBANISM E-LEARNING
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The COVID-19 pandemic of 2020 may have exposed
social problems in Brazil, as well as in the world, such as
inequality and lack of access to education for a large part
of the population. Given this situation, in-person classes
were completely suspended, starting a race in search of
the best e-learning methodology that could meet the
needs of a student population as diverse and unequal as
the Brazilian one.

Distance learning and remote emergency activities
occurred at different paces in Brazil. For private
education institutes, e-learning activities occurred more
fluidly and rapidly due to previous experience with
technology and the natural pressure to maintain the
academic calendar. In the public sector, some
universities chose to paralyze classes, partially or totally.
Given the impossibility of ensuring equal conditions for
students and professors to establish remote activities
[5].

In the field of Architecture and Urbanism teaching,
attempts to develop an online undergraduate teaching
model proceed after the occurrence of the 2020 COVID-
19 pandemic. Some regulatory agencies associated with
the career have positioned themselves recently with the
intensification of the debate due to the pandemic
outlook, such as the CAU-BR (Brazilian Council of
Architecture and Urbanism). There has also been
notorious discussion about online architecture
education on a global scale [6].

The concern of professional entities is genuine,
however, given the situation of seclusion that was
imposed by social isolation, e-learning came up as a
suitable solution. Therefore, for the implementation of
distance education, it was necessary to make important
adjustments regarding pedagogical, technological skills
or even the adaptation between the pedagogical model
and the new reality, enhancing resources [7].

In relation to students, some issues urge to be pointed
out, for instance, mental and physical problems caused
by social isolation. Recently, RIBA (Royal Institute of
British Architects) published a survey conducted with
students during the pandemic. The results state that 58%
of the students have mental health problems, 39%
responded that their physical health had worsened, 45%
isolated themselves [8].

Few researches discuss the impacts of the pandemic
on the general education scenario, specifically in
architecture. One may argue that the pandemic, on a
global scale, exposed limitations and problems faced
collectively. Precisely, in Brazilian reality, aspects such as
the educational deficit, social and health problems and
economic factors have raised the debate on the
effectiveness of measures and actions of the current
government in mitigating the effects of the pandemic. In
public education, it can be said that political issues have

a great impact on the government’s investment in the
successful implementation of e-learning technology.

3. BIM COLLABORATIVE TOOLS AND EDUCATION

When it comes to teaching Architecture and
Urbanism, computational tools to support the
development of architectural projects and products are
commonly used. With the advent of new, more robust
data technologies, software for architecture can be
pointed as a key piece for learning. BIM tools
increasingly appear as an alternative for project
development, having potential for remote
collaborations between various figures in the
architectural process [9]. Yet, undergraduate didactic
experiences using BIM methodology are still in a very
early stage.

Information management in project development
generates an impact on the final quality of the product,
and it is extremely important that the information is
available to professionals at all stages of the project, as
decision-making performed inaccurately affects the
quality of the project [10]. Furthermore, BIM must not
be resumed as an application of computational tools, but
also as a set that requires integration, collaboration,
interoperability and multidisciplinary environment [11].

Collaboration implies outlining objectives and
responsibilities, as well as results to be achieved. In this
sense, it is essential to create innovative tools and
solutions. Collaborative tools appear in the civil
construction field to allow the development of online
products. For instance, on-line CAD red-lining, markup,
forums, logs registration, workflow and so on [12,13].
These tools enable team engagement and can deliver
results that cannot be achieved by one.

To accomplish collaboration in the design process,
interoperability and information integration are central.
It is critical to exchange files effectively, using software
and project methodologies that enable lean design
progress. In this sense, interoperability can enable the
creation of new value propositions, based on innovation
values. To summarize, BIM process in architectural
projects can be considered a highly collaborative process
[14, 15].

It is argued that the slow adoption of the BIM
methodology is mainly due to the lack of advanced
computational sets and software maturity required to
develop accurately complex industrial design
applications [16]. Even having overcome some of the
technological barriers, in Brazil, the adoption of BIM still
happens slowly and heterogeneously across the country.
This fact can be explained by the low professional
training in BIM software, difficulties to change project
paradigms and lack of investments.

In education, Through the possibilities that the BIM
offers, its use in the classroom can enable a
collaborative/integrated work between teachers of
different areas of the same subject. Consequently,
digital technologies associated with a change in project
culture and in the way, professors think can help renew
architecture and urbanism teaching by facilitating the
process of knowledge integration in the Architecture
course [17].

4. THE DISCIPLINE

The subject Architectural Project VI — Complex
Functions — is one of the compulsory subjects in the
curriculum of FAU, at UnB. The general goal of this
discipline is the exercise of architectural design of
complex functions, strengthening the design process.
This proposal is based on an approach to the design
process, in an integrated and systemic way. On the other
hand, the course aims to develop, test, and demonstrate
architectural and constructive solutions and space
concepts, contributing to the innovation and
sustainability of the productive chain of the construction
industry, focusing on penitentiary facilities.

The course is organized in four units (Table 1), which
content follows a sequence that starts from broader
conceptual issues of contextualization and foundation of
architecture, followed by project development stages
and their constraints. The final product is a preliminary
project of penitentiary facilities developed by student
teams [18].

Table 1:
The discipline organization and its proposed activities
highlighting the learning methodology proposed

Units Activities proposed
Unit 1 Preparatory — Introduction
Theoretical stage Research: Technical conditioners
(Research and Research: Project case studies —
presentations) references

Research: Technological solutions
Unit 2 Design of a master plan and
Conception chronogram
(Studio work and | Design practice focused on project —
presentation) Brainstorm session

Synthesis phase and prelaminar
critical analysis

3D Physical volume studies -
Brainstorm session

Conception of Building Design

Final 3D physical model volume

Unit 3 Prelaminar Study development
Design Products: Implantation studies, floor
development plans, facades, sections, internal and

(Studio work and external perspectives, virtual and

presentation) physical 3D models.
Unit 4 Compilations of theoretical and
Results practical findings

Final presentations
Overall evaluation of the semester

In the semester this work was registered, seventeen
students took part in the subject, all of them regular
Architecture students at UnB. The activities were
performed online through the Microsoft Teams
platform. The exchange of files and activities were done
online through the Google Drive platform. The course
had two weekly meetings, each one lasting a maximum
of four hours. The course dynamics made these
meetings flexible, with theoretical classes, team
assessment, time for product development, and delivery
presentations.

It is important to highlight a study carried out during
the pandemic to characterize the overall student’s
situation and the viability of fully engaging in a long-
distance education scenario. According to that Report,
82,10% of FAU’s students use a personal computer for
education purposes [19]. Regarding Internet connection,
48,8% of the students accounted to have problems with
quality and stability of signal. Moreover, 78,4% of
students described their home environment as totally or
partially appropriate to e-learning. In particular, all
participants enrolled in the discipline in the present
research had full access to the Internet, computers,
software of architecture and communication.

5. METHODOLOGY

The method adopted for this work was divided into
two phases. The first one referred to compiling
theoretical information about e-learning in the field of
Architecture and Urbanism. Also, it was sought to
theoretically define the attributes of BIM in the
construction of a distance learning method. In this
regard, a systematic review of articles was carried out
using the Spocus, SciELO and Web of Science databases.
The keywords searched were: “teaching”, “architecture”
and “BIM”. A time frame of publications from 2000 to
2021 was used. Only peer-reviewed articles were
selected.

The second phase consisted in the application of an
online questionnaire to the undergraduate students of
Architecture and Urbanism who were taking the
discipline “Architectural Project — Complex functions:
Prisons”. In this stage, a qualitative analysis of data was
sought to corroborate the theory identified in the
previous stage. Through an online platform, Microsoft



Forms, the students were able to anonymously evaluate
the performance of the subject, the main challenges of
the online semester, positive points and their own
learning level during the semester.

The Questionnaire was divided into two main sections.
In the first part of the questionnaire, the students were
invited to evaluate parameters referred to four different
categories, for instance: Methods of the discipline,
Pedagogical mediation by the tutors, teamwork and final
products using BIM. The subsequent parameters are
listed below:

e Methods of the discipline:
Clarity of the method
Sequence of Activities
Proposed Works (products developed)
Engagement in activities

e Pedagogical mediation by the tutors:
Objectivity
Effectiveness
Assistance

e Team work using BIM — Process:
Members Engagement
Productivity
Sharing work effectiveness

e Final products using BIM — Results:
Level of Works (products developed)
Students Engagement
knowledge acquisition

For this section, the students could show their
contentment regarding the topics using a Likert scale
spired version. One could respond rather if it was an
unsatisfied, neutral or satisfied experience throughout
the semester.

The Second part invited the participant to elaborate
a short answer (up to one hundred words) illustrating
the negatives and positives points experienced in e-
learning and developing a project in BIM software. The
results of the first section of the questionnaire were
analyzed and compilated as to indicate the percentage
of satisfaction in participant’s opinion regarding the
parameters presented (Table 2 and Figurel). The second
part of the data was combined in a table of most words
used in answers collected (Table3).

6. RESULTS

Motivating and engaging students in e-learning
activities configured a major challenge throughout the
role process of the discipline. It can be argued that the
level of engagement by the students has a direct effect

on learning and in the quality of the final products
expected to be due during the activities. As shown in the
first part of table 2, 9,1% of students reported to be
unsatisfied with engaging in activities, as 27,3% felt
neutral about the products developed.

Among the positive points listed by the students, the
presence of an aligned and concise method was essential
for the proper progress of the proposed and performed
activities. The pedagogical assessment by the tutors also
played a key point according to the student’s opinion
(Table 2)

Another important topic was the use of BIM tools by
the students, which enabled a greater fluidity of design
development, information integration, and the
collaboration of all parts involved in a remote and safe
way. However, 45,5% of students reported to be
“neutral” referred to the experience of “Sharing Work
Effectiveness” (table 2). This may indicate that planning
and using correctly tools to maximize the design process
and its results in BIM environments is still a challenge
that needs to be addressed. Students also reported the
difficulty to collaborate due to file incompatibilities
between different BIM Software.

Table 2:
Results of the first part of the questionnaire. Categories of
analyses used and its subsequent Items evaluated by the
students.

Unsatisfied | Neutral | Satisfied
Parameter Evaluated (%) (%) (%)
1. Methods
Clarity of the method 0% 0% 100%
Sequence of Activities 0% 16,2% | 81,8%
Proposed Works 0% 27,3% | 72,7%
(products developed)
Engagement in activities 9,1% 9,1% 81,8%
2. Pedagogical mediation
Objectivity 0% 0% 100%
Effectiveness 0% 9,1% 90,9%
Assistance 0% 0% 100%
3. Team Work -Using BIM
Members Engagement 0% 18,2% | 81,8%
Productivity 9,1% 18,2% 72,7%
Sharing work 0% 45,5% 54,5%
effectiveness
4. Final products proposed — Using BIM
Level of Works 0% 27,3% 72,7%
Students Engagement 0% 27,3% 72,7%
knowledge acquisition 0% 9,1% 90,9%
Figure 1:

Graphic showing student’s overall level of satisfaction having in
consideration the items previously demonstrated in Table 1
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Another point was the students’ preference for
parametric BIM modeling over physical 3D models. The
students also showed greater agility in the process of
making boards and delivering products at the
preliminary design level using BIM software. It can be
inferred that the use of BIM brought greater agility,
assertiveness, and flexibility to production. In general, as
illustrated in figure 1, the overall level of satisfaction
reached over 82% of the parameters judged by the
students enrolled in the discipline.

Table 3:
Results of the second part of the survey. Most common words
used by the students in answers

Words Number of repetitions in
answers
Communication 25 times
Difficulty 20 times
Organization 16 times
Connection 15 times
Group 13 times

It was possible to infer through the meetings in the
entire semester that students were facing personal
concerns related to the unique moment stated by the
pandemic. Far more than healthy concerns, difficulties
on a daily basis related to household issues, lack of
proper setting to work and study at home, difficulty to
communicate due to internet connection quality,
contributed to intensify the insecure scenario.

In short answers, a positive point enumerated by the
participants was the flexibility of working time to
produce and study. Also, saving time due to no needing
to commute appeared as a benefit of e-learning classes.
As a result, groups reported having longer time to
produce and organize their own duties. Moreover, using
BIM software since early stage of design concept was
pointed out as a key factor to optimize time and work on
development stage of design.

The negative aspects recorded by the participants
(table 3) in this analysis conceivably rely on a core
matter: Communication. By means of all technological

tools discussed previously that viabilities project design
development and long-distance learning, altogether
requires a high settings of communication proceeds,
data exchange and the most important, the correct
assimilation of information by the involved ones.

In Summary, objectivity to tackle design issues and
develop solutions closely with the groups of students
was a major concern with online assessment by the
tutors.

7. CONCLUSION

Among all the challenges imposed by the COVID-19
pandemic starting in 2020, education had to go through
major paradigm shifts. The challenge of implementing an
e-learning system that would meet the demands
efficiently was a process of great resilience. In general,
the results of the present research carried out with
undergraduate students of Architecture and Urbanism
at UnB point to positive evaluations by the students,
indicating a satisfactory learning outcome.

A large part of the discipline’s success may have been
assured by the students’ degree of commitment and
maturity, as it was a group that was about to graduate.
In addition, the good quality of Internet access,
computers and software were also a fundamental
element to ensure students' learning. On the other hand,
this reality does not generally apply to the UnB
population.

BIM can potentially contribute to achieving optimal
results in the design process. The effectiveness of
information exchange and communication can be cited
as benefits. Project teams can also benefit from the
interaction between members and collaborative tools,
reaching better results [20]. In the process of learning
and developing projects at graduation, it can be said that
BIM also may signalize great possibilities to enrich the
design process as a whole.
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Mini Wind lab project

An interactive, numerical, physical wind simulation platform concept for
teaching
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ABSTRACT: The mini wind lab project is a concept of a low-cost, open-source and portable teaching platform to
perform simulations of wind flow on scaled building models. A first prototype of this tool was developed by a team in
the Spatial Information Architecture Laboratory at RMIT University and its target audience were students of
architecture and design. The main aspect of this platform is the integration of digital and physical technology for
empirical experience of experimentation with the same tool (a physical mini wind tunnel, Arduino sensors and 3D
software). With this approach, this tool allows non-wind expert students to plan, setup, perform and visualise
experiments of wind simulations in real time, with a low level of knowledge and training. Thus, students can learn
about analysis of aerodynamic phenomena near buildings, such as wind flow acceleration, turbulence and wind

discomfort issues for pedestrians.

This paper presents a new version of this easy-to-use and low-cost tool that integrates fully open source technology,
with additional simulation and visualisation techniques. The final aim of this project is to develop all the parts of this

platform as a Do It Yourself kit for universities.

KEYWORDS: Wind tunnel, Urban Aerodynamics, teaching tool, urban wind, wind simulation

1. INTRODUCTION

Phenomena that conform to what we would call the
micro-climate of our near environment, such as urban
temperature, humidity and wind, are something
difficult to visualise and quantify in non-specialised
contexts. Aspects like air flow or wind in urban contexts
are even more difficult to understand for most people,
including architects, because of their lack of
understanding of the science of fluid dynamics [1]. And
this frequently means wrong conclusions about how
airflow interacts with the shape of buildings [2]. Even
though this kind of knowledge is more and more
important for areas such as Sustainable Design, in many
architecture and design schools there are not teaching
programs that involve understanding wind simulation
on buildings, because of the high, sophisticated and
expensive technologies needed for these tasks. In
addition, the experimentation methods and the basis of
architectural science are not well implemented in many
architecture school methodologies. On the other hand,
there are limited digital tools for rapid urban climate
analysis (especially for urban wind analysis) that are low
cost, user-friendly, visually effective and with a teaching

approach for architecture students [3]. But, either they
are add-ons that depend of expensive 3D software
(LadyBug Tools) or are not available any more
(Autodesk-Vasary). Thus, there is a gap between the
comprehension of wind phenomena around buildings
and the methods to communicate and practice this
knowledge to architecture students. New teaching tools
are needed to introduce architecture students in the
knowledge of complex scientific concepts, numerical
data and analysis of microclimate and environmental
design. Rather than using a traditional approach of
book reading, | proposed a teaching method based on
the use of Interactive Interface Technology [4], to allow
students to explore, operate and visualise microclimate
phenomena and data. For this reason, a team of
Architects and Engineers have developed a concept for
an easy to use and low cost platform for urban
aerodynamic simulation and teaching in architecture
and design schools. This platform involves digital and
analogue technology for empirical experience of
experimentation of the wind phenomena. The main
idea behind this approach is the use of a mix of
technologies to produce an augmented reality interface
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to visualise and understand non-visible phenomena and
their complex data in a graphical way. At the moment,
this concept has been developed and tested at the
prototype level, in the Spatial Information Architectural
Laboratory, between 2014 and 2016 [5]. The concept
presented in this paper is an evolution of this first
prototype, that includes new techniques of visualisation
and the goal is to develop it as a Do It Yourself kit,
available as an open source project and with a focus on
pedagogical practice.

2. THE MINI WIND LAB CONCEPT

The mini wind lab project is a concept of a low-cost,
open-source and portable teaching platform to perform
simulations of wind flow on scaled buildings models. It
was developed by a team in the Spatial Information
Architecture Laboratory at RMIT University and its
audience target are students of architecture and
design. The main aspect of this platform is the
integration of three simulation methods in the same
tool, to conform a progressive workflow that conducts
wind experiments. The idea of this strategy is to help
non-wind expert students to plan, setup, perform and
visualise experiments on wind simulations with a low
level of knowledge and training.

The three components proposed to conform the
complete workflow of the mini wind lab are: 1) an
interactive simulation system with projection mapping
technology to generate a first visualisation of wind
patterns; 2) a numerical simulation system using open
source CFD technology, 3) and a physical simulation
system, that is based on a physical air flow tunnel using
low cost wind sensors and Arduino technology (Fig.1).

MINI AIRFLOW TUNNEL TUI PROJECTOR

TUNNEL STRUCTURE

VISUALISATION
WORKFLOW:

TANGIBLE USER MINI AIRFLOW 0O.S. ENVIRONMENTAL
INTERFACE TUI TUNNEL SIMULATION SYSTEM

Figure 1: Mini Wind Lab Project.

The first developed prototype of this platform only
included a mini physical airflow tunnel, an Arduino
controller with wind sensors, and the use of 3D
software to graphically visualise the data from the

sensors in real time. However, there were some
limitations, because the 3D software used to visualise
the data was expensive and not Open Source, and it
was difficult for the students to design the experiments
and setup the location of sensors, without some
training and knowledge about wind movement
patterns. This new concept proposes a more complete
workflow and additional open source technology to
resolve these issues.

With these additions and changes, the new Mini
Wind Lab’s aim will be to allow students to run
empirical experimentation methods to understand the
wind movement around their building designs. With the
mix of techniques and new accessories, the platform
would allow using the outputs from one simulation to
refine the settings of the next experiment in an iterative
and intuitive process.

This tool is not for an accurate simulation of the
wind phenomena, but it is suitable for preliminary
understanding of aerodynamic phenomena near
buildings, such as wind flow acceleration, airflow
velocity fluctuations and turbulence intensity. In this
way, it can be useful for students of architecture,
landscape design, urban design and industrial design.
Here, a basic knowledge of wind will be useful in the
teaching programs of schools, and this tool could be
valuable if the university doesn’t have dedicated
facilities for these areas.

At the moment, this concept is under a planning
process to complete the final methodology and get
some funding to build a new real model at a Chilean
university.

2.1 The tangible user interface module

The first component of this platform is a tangible
user interface (TUl) that would allow students to
interact with digital information through the physical
models of buildings. The advantage of this technology is
the possibility of overlapping different layers of
information (drawings, physical models, digital
simulation). This method facilitates the compression of
complex phenomena through the interactive
manipulation of the models. Also, facilitate the
collaborative discussion of the participants in a team. In
fact, this approach has been used for experiments on
urban planning in the MIT Media Laboratory [6].

Thus, the mini wind lab project could use this
technique with a projection mapping system that
projects a particle flow on three-dimensional building
models. The idea is to simulate 2D patterns of wind
around a model scale. This idea is based on the TTTHub
project [7], developed by Flora Salim’s team as an
experimental tool for urban wind simulation (Fig.2).

Figure 2: TTTHub project. An example of Tangible User
Interface (TUI) to visualise urban wind flow [8].

The TUI would be the first part of a workflow where
students will run a digital simulation on their models, to
visualise the possible main wind patterns. With this
preliminary information, they can understand the
global context of their area of study, discover many
areas of urban wind flow for further study, and define
key aspects to setup the experiments with the mini
wind tunnel, such as the location and position of the
wind sensors.

The TUI module will have hardware elements and
one software: the first element is a LiDAR scanner that
will capture the shapes and position of the scale
models. With that information, software on a PC can
generate a digital 3D model and run a flow simulation
(using a two-dimensional flow simulation algorithm).
Finally, the visualisation of the flow will be overlapped
on the physical model with a simple projector device.
Moving the models’ position will change the patterns of
the flow in real time, and that will be displayed by the
projection mapping system (Fig.3). This 2D simulation
involves limitations, but in this context, it is fine
because it is intended for qualitative and semi-
quantitative educational demonstrations.

HARDWARE SOFTWARE HARDWARE

PHYSICAL
MODEL

Figure 3: TUI module diagram for the mini wind lab.

2.2 The mini airflow tunnel (2014-2016)

The second module is a mini low speed airflow tunnel
that includes an arduino controller connected to wind
sensors. This arduino platform will be linked to 3D

software to visually display the airflow data in real time
(Fig.4) [9].

Figure 4: 3D graphic visualisation of sensor data in real time.

The original mini airflow tunnel project was the first
prototype of the current Mini Wind Lab project. This
tool involved the main concepts proposed for the mini
lab, and it was built and tested from 2014 to 2016, in
the current teaching environment with students of
elective courses at RMIT University, in the CAADRIA
conference  Workshop and the SmartGeometry
conference workshop [10].

For this new version, the mini airflow tunnel module
will use a new digital platform for visualisation with
open source 3D software linked to arduino sensors. The
options for 3D software to connect to sensors can be
Blender 3D or FreeCAD. Both are powerful software
and can be adapted to work with hardware in real time.
The task here will be to develop the necessary scripts to
connect both systems.

The platform of electronics components has being
already developed and tested in the first version of the
mini airflow tunnel. The low-cost sensors are easy to
find on the market [11]. The arduino technology is a
powerful and easy to use system that provides the
necessary components for control and sensing (Fig.5).

Wind angle for
aceptable response

Pin IC Socket welded to sensor

Wind Sensor Rev.P

Figure 5: Commercial low cost wind sensor.

The structure of the mini airflow tunnel has a
modular design to be built with low-cost materials
(MDF panels), using a laser cutter machine (something
very common in Architecture and Design Schools). With
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an assembly design, it can be adapted for different sizes
and also can be dismantled to be relocated to a new
facility (Fig.6).

£
¢ 43
i T )
—§ /A AN
[
Position of the extractor
fans in the outlet module

Fourth step: to join modules with module-clips
(and install Belmouth and extractor fans)

Figure 6: Mini wind tunnel structure.

2.3 Open Source environmental simulation system

The third module in the workflow of this Mini Wind
Lab is a group of Environmental Simulation tools to run
quick simulations. The idea is to extract results using
these tools and overlap this information into the mini
wind tunnel real-time visualisation. This way, it would
be a comparison point for information that sensors are
providing. There are a group of powerful and open
source tools that can be used in this module: The
Ladybug Tools plug-in for Rhinoceros 3D and Blender
3D is the first option. It includes features for different
kinds of simulations using Radiance, EnergyPlus/
OpenStudio, Therm/ Window and OpenFOAM. An
additional option is FreeCAD and its module CFD
Workbench that can be used for airflow simulation. For
a more complete graphical visualisation of the data,
Paraview is a perfect option (Fig.7).

Figure 7: 3D visualisation of several data layers (model,
CFD simulation, arduino sensor data).

The use of this tool will not only allow to extend the
comprehension of environmental phenomena around
buildings, for students. Also, their results can be used to
project the information with the TUI. This way, the
information can be represented in an augmented
reality environment, with physical models displaying
digital information.

3. MULTIPLE VISUALISATION METHODS

The main strategy proposed with the use of the Mini
Wind Lab is to integrate and overlap different
techniques of simulation and visualisation. Using
Tangible User Interface (TUI) techniques, arduino and
sensing technology, and simple CFD simulation, it is
possible to recreate an augmented reality effect. With
these overlapped layers of information, we can
facilitate and extend the comprehension of students
about wind and other possible environmental factors,
using visual and graphical images in a physical and
interactive environment, and with low cost resources
[12]. The benefits of TUI tools for visual teaching,
intuitive learning and team work are well documented.
With the integration of real time sensing data
visualisation, more possible workflows can be
developed by students, while they learn about various
technologies and experimentation methods (Fig.8).

Mental
representation
of wind phenomena

20 r INTEGRATED
projection TANG'BLE
mapping USER
INTERFACE

Figure 8: Cognitive diagram of the mini wind lab platform.

4. CONCLUSION

New teaching tools are needed to introduce
architecture students to the knowledge of complex
scientific concepts, numerical data and analysis of
microclimate and environmental design. Rather than
use the traditional approach of book reading, it is
proposed a teaching method based on the use of
Interactive Interface technology, to allow students to
explore, operate and visualise  microclimate

phenomena and data. This paper presents the lastest
version of a Mini Wind Lab concept that is possible to
build using almost only low cost, open source tools. The
approach that is tested with this tool is a multiple
visualisation method, integrated into a single platform
to conduct empirical and early stage simulations for
educational purposes. A first prototype has been built
and tested in teaching environments (international
workshops and courses). The new version of this Mini
Wind Lab implements a fully open source workflow and
Tangible User Interface system. In this way, this
platform will facilitate the understanding of wind
phenomena for Architectural and design students in a
friendly and ludic way.
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ABSTRACT: This article describes the collaborative creation of the curriculum for a new elLearning programme on
daylighting design of buildings targeting both traditional and lifelong learners. The programme consists of an
online platform integrated with a summer school for practical applications. The curriculum was developed
through several workshops with professionals, representatives of national bodies on building regulations,
academics, and a survey distributed among professional and potential users. The goal was to create a curriculum
able to match the educational needs of society and the status of research by bridging the current gap between
requirements set on daylighting by the latest regulation and the low level of education on daylighting in

university curricula.

KEYWORDS: NLITED; daylighting education, online platform; eLearning programme.

1. INTRODUCTION

This article describes the collaborative
curriculum creation for an eLearning programme on
daylighting design of buildings to target both
traditional and lifelong learners. The process was
conducted with professionals, representatives of
national bodies dealing with building regulations,
and academics. The goal was to build a curriculum
able to meet the educational needs of society while
reflecting the state-of-the-art of the current
research on daylighting.

Research on daylight design has experienced an
actual golden age during the past twenty years.
Recent progress, like the widespread adoption of
climate-based daylight modelling [1], the increased
consensus on daylight glare prediction metrics [2],
the advances on photobiology [3], the inclusion of
daylighting into the procedure to calculate the
energy demand for a building [4], have provided
legislators and building professionals with new
instruments to design for optimal daylighting. These
are based on a synergy of goals related to energy
saving, comfort (visual and thermal) and health for
the occupants.

However, if on the one hand new knowledge
entered national building codes, certification
schemes (LEED, BREEAM, WELL) [5-7], and

standards (EN17037:2018) [8], on the other hand,
daylighting education is surprisingly missing in many
architectural and engineering curricula [9,10].

As a result, professionals are asked to comply
with daylight requirements, having received little to
no specific education on the topic. There is a
tremendous urgency for courses that could cover
the needs of professionals at any development
stage of their daylighting design education.

A new educational project devoted explicitly to
daylighting education was conceived and made
available online [11]: it is complementary to
traditional curricula, modular, and is intended for
both traditional students and life-long learners.

1.1 A new educational project

Studies that report knowledge gaps on
daylighting  education  highlight = widespread
confusion over terminology, lack of knowledge on
daylight regulations and standards, and poor use of
daylighting design. This holds true even for students
who attended courses where daylighting was also
formally taught [9,10]. A picture emerges in which
rudimentary knowledge is provided but little ability
to apply is observed.

The educational project New Level of Integrated
TEchniques for Daylighting education (NLITED) was

created to bridge this knowledge gap. Four
European partners coordinate the project: Niccold
Cusano University, Technical University of Denmark
(DTU), Gdansk University of Technology, and Lund
University (LU). The project is co-funded by the EU
Erasmus+ Programme.

One of the EU priorities is to impact society by
involving stakeholders. In this sense, the project is
based on a dense network of interested parties. A
wide range of partners has been involved in each
country, including educational institutions, building
associations, construction companies, daylighting
associations, and technical publishers.

The educational project offers a package based
on an elearning platform combined with summer
schools. In this way, in-depth theoretical courses
are provided online, while the summer school
allows for collaborative hands-on sessions and
networking. The platform was launched in January
2022, and a first summer school in Denmark was
attended by 21 students in August 2022 [12].

2. METHODS
2.1 Workshops and questionnaires

Since the elearning programme also targets
professionals, the project coordinators decided to
involve the stakeholders since the development
phase of the curriculum. Such approach allowed the
creation of a curriculum tailored to the needs of the
target groups. The process documented in this
paper supported the definition of an accurate need-
based educational proposal.

Online workshops in the form of focus groups
were conducted in the four partner countries. Each
country organised three to four workshops with up
to eight participants each. Invited participants were
selected from the national networks of
stakeholders.

In total, 14 workshops were arranged, with 63
participants, 37% of them coming from companies
(architectural 11%; consultancy 21%;
manufacturing-producing window manufacturers
5%), 5% from national bodies dealing with building
legislation, and 58% from academic teaching staff
(university professors 47%; consultant 11%).

A standardised procedure was adopted for the
workshops, with the scope of ensuring consistency
of responses across the four countries. All steps,
including invitations to participants, questions to be
asked, online questionnaires, were drafted and
collected in a guidance document.

A first draft of the curriculum was created and
sent out to the participants some days before the
event. Such draft curriculum resulted from a
previous brainstorming between the coordinators
of NLITED. The reason for sending it was to have
participants with a common understanding about

the subjects to be discussed during the workshop

(Table A1).

One of the key features of such document was
that teaching topics were divided into modules,
conceived as minimum learning units. Other key
points were that the modules were independent of
each other (mix-and-match), self-paced, and with
no prerequisites required. The modules were
created to grant 1 ECTS each.

Each workshop lasted between 180' and 240'.
Depending on the audience, it was conducted in
either English or the national language. It consisted
of two parts.

1. The first part was a traditional focus group
based on a semi-structured template to address
the following subjects: daylight design practice
and education, definition of necessary
competencies, practicalities about e-learning,
and opinions on the summer school. The
template included main questions and detailed
questions to be used in case of deadlock or to
deepen concepts that have emerged (Table A2).

2. The second part consisted of a questionnaire
distributed to the participants at the end of the
workshop. It consisted of closed-ended
questions asking for each daylight topic whether
it was strategic to be included in the curriculum.
53 responses were collected (Figure Al).

After that all workshops took place, another
questionnaire was developed and spread through
social media to potential trainees of the elearning
programme. Also, this second questionnaire
contained the list of topics of the draft curriculum
(Table A1). In this case, the respondents were asked
to indicate which topics (listed in Table Al) they
would be interested in following through the
elLearning platform. 60 questionnaires were
returned. A total sample of 113 responses was
therefore collected through the two rounds of
questionnaires. Figure Al illustrates the results.

2.2 Data analysis

The workshops were transcribed verbatim, and
the textual material underwent content analysis.
The first topic, ‘daylight design
practices/education’, dealt with motivation for
designing daylighting in the participants' daily work
and with which tools or routines they used. The
scope was to identify the motivational drivers for
daylighting design. The NLITED educational offer
could support these drivers by implementing them
into the curriculum. Therefore, this topic was
further analysed using an analysis matrix based on
the Goal-Framing Theory [13,14] (Table A3). This
theory assumes that human beings are prone to
improve their condition in a given situation.



However, no one can improve his/her total
condition since behaviour is chronically one-sided.
Improvement will be selective, depending on the
overarching goal that is important at a given
moment. The theory proposes that three
overarching goals seem to have evolved for human
beings: a ‘hedonic’ goal, “to improve the way one
feels right now”; a ‘normative’ goal to “act
appropriately” for the group; and a ‘gain’ goal “to
guard and improve one’s resources”. As for the
other topics, the content analysis was limited to
finding overarching themes. The closed-ended
answers of the questionnaires were elaborated via
a frequency analysis (Figure Al).

3. RESULTS
3.1 Motivations

Most professionals reported that daylighting
design is performed almost entirely in compliance
with standards and norms (‘normative goals’). The
normative documents are in the form of building
energy regulations, building certifications as well as
company policies: “The first thing that we do is just
to apply for a standard. Most of the time, like 90%
of the time. Is BBR [Swedish building regulation,
a.n.] fulfilled? Or, sometimes, LEED, BREEAM? It
happens, but it rarely happens”. In other terms,
legislation is the driver, even though this was
sometimes reported in a disappointed manner:
“What we do with daylight is mainly proving that
the regulation is fulfilled. Unfortunately, that is
mainly by this local rule we have in Denmark with
the 10% (glass area to floor area). Because we
developed a very quick method to do that, so we
just use our spreadsheet”. Daylighting can also help
achieve the sustainability goals of the company,
which are not normative in a strict sense. However,
they are considered to place the company in a
better spot regarding customers (‘gain goals’):
“When we have the chance, and that is when the
building program sets higher demands, we work
integrated, so daylight, solar heating, energy
consumption together and then we can get much
better results. Nevertheless, that is when clients put
these demands”. For some participants, daylighting
is used in the projects because it can increase sales
while saving energy: "Daylight is a commercial
opportunity, so we are also taking it once more, not
only for the energy.” “It has been shown that people
buy more if they are running around in the store
with daylight”.
For many participants, daylighting goes well beyond
vision and requirements, towards non-visual effects
of light. Most of the participants agreed that this is
an aspect of terrific importance for the profession
but not yet considered in the actual design process:
“Well, I put it this way. If | open my door tomorrow

and there is a platypus sitting on my front step, |
may be less surprised by that than some client
coming to me and saying, we want you to do
melanopic lux”.

As for ‘hedonic goals’, quite a few professionals
stated that they consider daylight design as "a
mission". They feel committed to proposing
daylighting design beyond regulations to their
clients, having the well-being of buildings occupants
in mind: “I do it to improve people's health. That's
my driving force”. Beyond norms and professionals
or individual gains, these participants feel an
intrinsic pleasure to work for a more and better-
daylit future: “We take the output from the
rendering, the different sections, light, whatever,
and then we work in Photoshop. So that is the
creative part, where we get away from what is
physically correct. Alternatively, we get further
away from the simulation part and more into the
interpretation. Your imagination of what it would
be. It is much more about the atmosphere to convey
what would it be like to be in this room. So, it is a
bit, you can call it artistic interpretation, but we see
it as an important tool, and trying to create spaces
with light, scenarios, comfortable rooms”.

3.2 Beyond specialist daylighting education
Different considerations emerged during the
workshops about the need to provide specialistic
knowledge and actively involve students in the
training process. Adding some inspirational parts to
lectures (for instance, through case studies) can
encourage the active participation of the students
and thus increase their motivation. The interviewed
professionals also pointed out the importance of
feeling part of a community of learners to keep
engaged, which is a crucial challenge in the
elearning process. Professionals recognized that
other professional figures not directly involved in
daylighting design need a basic understanding of
daylighting because those are involved in the
decisional process. Urban planners, for example,
should be provided with essential daylighting tools
and understanding, as their decisions have a
considerable impact on daylighting in buildings.

3.3 Topics and structure

Despite having little time to follow educational
courses, the professionals asked for more
inspirational material, rather than only direct and
dry information on how to design for compliance to
legislation. All the workshops participants asked for
self-paced courses since these can be taken during
free time. Other issues mentioned were the need
for courses that provide general knowledge and
practical applications in the architectural design
process and the flexibility to choose from the

various topics to best suit individual needs. Some
professionals argued that it would be helpful to
propose a curriculum with a holistic view of
daylighting design. That would balance simulation
and field observations to overcome the stereotypes
of "an engineer working more in-depth with
simulations (quantitative approach) and an
architect working more in-depth with observations
(qualitative approach).”

3.4 Preferred topics

From the analysis of the results, we found a
demand for more in-depth knowledge on the topics
of daylight and daylighting. The educational project
NLITED was well-received by all stakeholders
involved, and the same applied to the online survey.

Participants have highlighted the need to go
beyond merely national knowledge in all four
countries, but the results show a greater desire for
introductory courses. Moreover, this is confirmed
by the first data on users who signed into the
platform, which is now online: introductory courses
are being more attended than the advanced ones.

From the ranking of the most voted topics in the
surveys, users seem mostly interested not in the
simulative parts, but in topics linked to
environmental quality, occupant comfort and
design culture (more than 80% of respondent). The
reason could be that there are fewer courses on
design and environmental comfort than on
simulation and design aspects.

On the contrary, the most specialized modules
were the least voted (=50% of respondent),
including the ones on new knowledge (BSDF data or
circadian daylighting design) and detailed modules
(modelling devices). It supports the idea that there
is a need for a curriculum that can educate from
prior knowledge about daylight.

5. THE FINAL CURRICULUM
The workshops' outcomes and questionnaires
shaped the curriculum concerning both content and
structure.
Content-wise, the curriculum covers five macro-
topics (Figure 1):
= Daylight for humans, on the importance of
daylight for visual and non-visual aspects.
= Daylighting design and culture, providing a
historical overview of daylighting and
information on daylighting components.
= Daylight and energy-saving, where
daylighting is directly linked to the energy-
efficient design of buildings.
= Daylight assessment, dealing with
assessment methods and current standards
and regulations.

= Simulation in-depth, covering both
fundamental and advanced simulation tools
for daylighting analyses.

Structure-wise, each macro-topic is provided
with an initial popular course as an introduction,
targeting people not directly involved in daylighting
design. In addition, the topics are enriched with
case studies and practical examples, in coherence
with the quest for inspirational material.

On the other hand, some aspects of the draft
curriculum were confirmed because they received
positive feedback from experts. These are modules
independent of each other, with no prerequisites to
participate in any modules and a self-paced system.
Each module is designed to have the student
workload equal to 1 ECTS.

In the final version, the platform offers several
advantages in terms of flexibility (users can
customise the course to attend) and schedule (users
can attend a given course at their convenient time).
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Figure 1: Outline of the final curriculum of the elLearning
platform. Each block has an introductory module (Module
0) and a selection of mutually coherent modules.
However, modules can be freely chosen by the learner.

6. CONCLUSIONS

This paper described the creation of a
curriculum for an educational platform in
daylighting design of buildings. The process was
based on workshops held with professionals and
academics and questionnaires administered to
potential learners.

On the one hand, an attempt has been made to
understand what drives daylighting design to offer
courses tailored to the needs of professionals. The
results of the workshops revealed that the
normative goals are the leading force for daylight
design.

More than one goal seems to be activated at the
same time. E.g., some participants developed their
early design tools for their clients. The tools allow
for more accessible and analytical work by the
participants (gain goal), which simplifies the
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procedure for compliance to norms (normative
goal). A cultural change to value daylight design is
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3. Houser, K.W., & Esposito, T. (2021). Human-centric
lighting: Foundational considerations and a five-step
design process. Frontiers in Neurology, 12.

daylighting knowledge and education in Europe. Results
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Table A1. Topics proposed in the draft curriculum submitted for screening by the target group and online volunteers.

Table A2. Semi-structured interview template.
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Table A3. Analysis matrix for the motivation driving daylighting design, based on the Goal-Framing Theory [13-14]

Goal

Have the following or similar statements been mentioned during the workshops?

No

= There are legal requirements for daylight design, then | must do that

= |t is part of my company policy/workflow to make this type of assessment, then | must do that

rmative goals = There are the requirements for daylight standard and/or certificates that | must follow

= |t is parts of sustainable building design (associated with energy-saving, good indoor environment, health and well-
being) that I, as an professional, feel obligated to do

Working with daylight design is a way to enhance my skills, knowledge and competences

It is a way to advance my professional development as a daylight expert/daylight specialist

It is a way to increase values of my work (e.g. aesthetics, pleasantness, and good quality architecture)

Having competences in daylight design would attract more clients/students as well as those who concern about the
importance of daylighting

Gain goals

Hedonic goals

Working with daylight design is interesting and/or exiting
Daylight design is challenging and carrying out the task is my great achievement
There are strategies, methods and tools available to me and make it easier to work with daylight design (in general
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Module code
) s Not sure Yes

and also, at different design stages)
Daylight design is a pleasure task to work with and would bring about many benefits

Not familiar

Figure Al: The graph shows the frequency of responses in favour, or not, of the presence of the various topics in the draft
curriculum of the platform (see Table A1). Responses came from both workshop participants and potential users invited via
social media and email channels (113 responses collected).
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ABSTRACT: The new energy context in Argentina, with increasing gas imports, reduction of subsidies, need for
new investments in exploration, extraction and energy distribution, requires innovations in professional and
technical training, especially in areas related to the built environment. This paper presents the development of
new courses on rational energy use that respond to this situation and official requests from the National
Government. They arise from previous experiences at graduate and post-graduate level since 1984 in the
University of Buenos Aires, given the need to train professionals and technicians in inter-disciplinary frameworks,
train efficiency managers and energy managers in buildings, prepare specialists in the promotion of aspects of
sustainable building, and train teachers and researchers to achieve an effective transfer to the productive sector.
The case presented in this work emphasizes the contribution of the building design to energy efficiency to achieve

sustainability in the built environment.
KEYWORDS: Education, Enegy studies, Latin America

1. INTRODUCTION

1.1 Energy context

The energy context in Argentina from the past decade,
with increasing gas imports, reduction of subsidies to
energy costs, a growing need for new investments in
exploration, extraction and energy distribution,
requires innovations in professional and technical
training, especially in areas related to the built
environment.

The 2020 National Energy states that 34.9% of the
country's energy resources are used in buildings,
26.7% being for the residential sector, and the
remaining 8.2% in commercial and public buildings
(MINEM, 2020). Construction in all its stages (raw
material extraction, construction and demolition)
generates significant environmental impacts. 24% of
greenhouse gas (GHG) emissions correspond to
buildings.

This paper presents the development of new courses
on rational energy use that respond to this situation
and official requests from the National Government.
These courses arise from previous experiences at
graduate and post-graduate level since 1984 in the
University of Buenos Aires, given the need to train
professionals and technicians in inter-disciplinary
frameworks, train efficiency managers and energy
managers in buildings, prepare specialists in the
promotion of aspects of sustainable building, and train
teachers and researchers in order to achieve an

effective transfer of information to the professional
and building sectors. This work emphasizes the
contribution of building design to achieve a
sustainable urban future.

1.2 Changing legislative framework

Within  the Argentine legislative framework,
regulations were introduced with the objective of
achieving a more sustainable building stock. Firstly,
energy efficiency labeling was developed following
building envelope transmittance (IRAM, 2010). This
regulation defines different recommendations to
achieve a sustainable building stock, but does not
provide a methodology or is overlooked by an
organization in charge to evaluate that these principles
are applied. In addition, in 2012 bioenvironmental
zoning was established for the country and the
following zones were defined within the regulation:
very hot (zone 1), hot (zone Il), warm temperate (Zone
1), cold temperate (zone IV), cold ( Zone V) and very
cold (Zone VI).

This regulation has now become a law in some
provinces (Bs As. 2003 and 2010, for example), but its
implementation is still complicated and thereis a huge
lack of qualified people for its evaluation, thus making
it lose their potential.

e R e PP P Climate and
resources o L)
H l vy
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[ Eneray efficiency labelling ]
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| Emission factors according to energy type \
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Figure 1: Contribution of passive design resources and its
relationship with other aspects that contribute to energy
efficiency, based on Author, 2017.

2. PROGRESS IN POSTGRADUATE PROGRAMS

2.1 Existing cases at the University of Buenos Aires
The University of Buenos Aires - the country’s largest
and most prestigious University - has been developing
different programmes with the purpose of training
researchers, teachers, technicians and professionals in
the implementation of energy efficiency policies and
measures for the production of environmentally
responsible and economically effective environments.

The following are a selection of cases, demonstrating
the growth and development of the field in Argentina:
- Interdisciplinary Master's Degree in Energy:
This programme was established in 2010, as
an outcome of the Interdisciplinary Program
of the University of Buenos Aires on
Sustainable Energies (PIUBAES) and the
Center for Studies of Energy Regulatory
Activity (CEARE). There are four faculties that
participate in the project: Law, Engineering,
Architecture and Economics. The program is
mostly focused on energy legislation,
conventional and non-conventional sources
of energy, along with environmental aspects.
Two subjects are devoted exclusively to
energy efficiency. The first is called
“Conservation and rational use of energy in
the built habitat” and the second is called
“Conservation and rational use of energy in
industry and the electricity sector”. Currently
the master's degree has a wide variety of
graduates from different careers, who are
dedicated both to the legislative aspect of
energy, and to the implementation of
renewable energies and energy efficiency in

the built habitat.

- Energy and Environmental Group,
Engineering School: programme that offers
courses in energy efficiency as well as a
Master's degree in Sustainable Urban
Technologies. It covers a wide variety of
topics, ranging from climate change, urban
vulnerability and complex city models. A

particular seminar deals with energy
efficiency problems: Energy Technologies.

Postgraduate programs | Registered Main focus Starting | School and Headquarters
professionals date
Interdisciplinary MSc. in | Different Energy 2011 Centre for Studies of Energy
Energy and specialization | Professionals management - Activity and Regulation,
career in the legal 2002 CEARE: Law School
economic structure of Interdisciplinary
energy regulation profile

Master program and Engineers and Technological 2014 - Institute of Sanitary
Specialization in Architects integration atthe | 2008 Engineering, IIS:
Sustainable Urban urban level School of Engineering
Technologies
Energy Management Technicians and | Use and operation | 2017 School of Engineering
Course Professionals of bulldings
Master program in Engineers and Sustainability 2018 Habitat and Energy Research
Sustainability in Architects criteria and Centre, CIHE:

Architecture and environmental School of Architecture, Design
Urbanism strategies in and Urbanism

habitat design

Figure 2: Comparison between different energy-related
post-graduate programs in Argentina. Source: UBA 2019,
CEARE, 2016, FI-UBA, 2014.

These postgraduate proposals are complemented by
the bachelor degree offer of the Faculty of
Architecture, Design and Urban Planning. In 1984, the
first subjects related to the sustainable theme were
incorporated:  "Bioclimatic Design" and "Solar
Architecture”, to which the course "Energy in
Buildings" was added in 1990. The annual average
number of students taking at least one of these three
subjects is between 500 and 600. Despite these
figures, the offer within the University for
postgraduate  education on sustainability in
architecture and urbanism was null.

3. NEW MASTERS DEGREE: SUSTAINABILITY IN
ARCHITECTURE AND URBANISM (SAU)

3.1 Introduction to the programme

As a response to the current energy problems and
those required by both the public and private sectors,
the “Sustainability in Architecture and Urbanism
Masters” (SAU) was created in 2018, based at the
Faculty of Architecture, Design and Urbanism at the
University of Buenos Aires.

The new Master's degree approved by the Board of
Directors of the School of Architecture, Design and
Urbanism and by the Superior Council of the UBA
(2017), incorporates a background of experiences held
in prior years at the same School, such as the
‘Environmental  Design  Specialization ~ Program’
(containing 240 hours of classes, where Research
Papers and Projects were developed, with an
extensive enrolment of students between 1994-2000),
as well as from regular exchange programs held with
other Postgraduate degrees, Masters programs and
PhD programs with Mexico, Chile and Ecuador, and
results of UBACyT research projects carried out at the
Habitat and Energy Research Center (CIHE) since 1986.
The SAU Master's proposal responds to the growing
need to introduce innovations in architectural and
urban design, aimed at achieving greater sustainability
in the production of the built environment, minimizing
its environmental impacts and reducing the demand
for resources to achieve adequate levels of habitability
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and durability. Through the design of the course

modality, it is proposed to promote three fundamental

aspects:

e Aflexible course: taught in modules, it enables the
possibility of taking different module sequences
as the number of correlative subjects is limited.

® Permanent link between practice and theory:
each module includes a project integration
workshop.

e Focus on Thesis production: the thesis plan is
worked on and developed from the first module
in the first four-month period, maintaining full
continuity during the course.

3.2 Student backgrounds

Through a file that admitted students are asked to

complete, it is possible to collect information about

the student’s background in teaching/research,

Universities of origin, other courses taken, etc.

The Master's degree has enrollments once a year, so

four cohorts have already passed since 2018. There are

over one hundred students who have studied the
master's degree since its beginning. The annual
enrollment average is twenty-seven students.

Figure 3 shows the number of students admitted
during the 2018-2021 period. The number of students
decreases slightly after the year 2019. This is due to
the uncertainty with the events that occurred during
the first months of the year 2020 (COVID Pandemic).

Number of students (2018-2021)

201 2019 2020 2021

Number of students == Argentina == Foreign

Figure 3: Number of students enrolled in SAU Master
Programme. Source: Author, 2022.

It is of great relevance to observe the interest of
candidates from other Latin American countries: the
percentage of foreign master students is 25%, almost
all of them being from South American countries.
Although the total is completed by 10 countries, 33%
comes from Colombian universities.

It can be noted that during the years of the pandemic,
in which the master's degree was held online, the
number of foreign students decreased in percentage,
and the percentage of young people enrolled
increased. This last point is explained due to the
greater familiarity with digital environments. During
2021, this trend was reversed, returning to
percentages closer to pre-pandemic times.

% National/foreign students

259%

741%

Argentina Foreign

Figure 4: Proportion of national and foreign students
enrolled in the 2018-2021 period. Source: Author, 2022.

Nationalities of foreign students

37%

18,5%

® Unguay @ Penama @ Colombia @ Brasi @ ElSalvador Venezuela Ecuador México
Peri Turkey

Figure 5: Nationalities of foreign students enrolled between
2018-2021. Source: Author, 2022.

Although the postgraduate course is proposed in an
interdisciplinary way, the vast majority of students are
architects, with a minority of engineers (3%), or
industrial designers (3%).

32% of the architects enrolled in the programme have
studied their bachelor degree at the University of
Buenos Aires and took a sustainability-related course
as part of their bachelor degree. These courses are still
non-compulsory, so not all architecture graduates
have training in sustainable development.

Lastly, in terms of knowledge transfer, 25% of the
master’s students are professors in both public and
private universities or participate in research projects.

3.3 Master’s degree structure
The master's degree is completed over two years, and
consists of 704 classroom hours, divided as follows
(FADU Resolution):
- An introductory, basic and mandatory
module of thirty-two hours
- Five hundred and twelve hours, divided into
four modules with core themes.
- One hundred and sixty hours of
methodological training and  thesis
development.

Médule IS

Introduccién a
la
Sustentabilidad

32 hrs

| 2creditos
Médulo DAS Médulo EER Médule DUS Médulo ES
Diseiio Eficiencia Disefio Edificacién
Arqui éni E Urbano Sustentable
Sustentable y Sustentable
5 Energia e
Renovable
128 hrs 128 hrs 128 hrs
8 Créditos 128 hrs 8 Créditos 8 Créditos
8 Créditos |
ModuloMl ... N
Mi 1 S b [ Mi 3 ; Mi 3
Metodologia de | | Metodologiade | | Metodologia de | | Metodologia de
Investigacién | | Investigacion | | | igacion | | | gacio
16horas . : 48horas : | 4Bhoras | |  4Bhoras
1 crédito i i 3crédites  © ¢ 3crédites ¢ 3 créditos

Figure 6: Master's curriculum composition. Source: UBA
Board of Directors resolution, 2017.

Each of these modules lasts for four months and
responds to the four main groups covered in the
course: sustainable architectural design, sustainable
urban planning, energy efficiency and renewable
energy and construction systems.

As previously mentioned, each module is independent
from each other, being correlative only with the
introductory module, thus allowing the students to
spread the course in more time if needed.

One of the modules responds directly to the problem
of energy efficiency and renewables. This module
discusses the role of the building sector in energy
consumption, along with the integration of solar
energy and other renewables from an efficiency point
of view. The National Energy Balance (BEN) and the
role of the built habitat in the energy matrix are
analyzed. The incorporation of these themes into the
design process is also studied.

The module is divided into four seminars of 32 hours
each:

1. Energy and environment: energy demand,
resources and impacts of conventional
energy and potential and perspectives of
renewable energy.

2. Solar energy in Architecture: analysis of the
characteristics of solar radiation and active
solar systems, opportunities for change in the
energy matrix.

3. Building Energy Simulation: energy audits,
verification and evaluation of the envelope.

4. Project integration: Application of
architectural and urban energies within the
architectural project.

Each of these seminars ends with a practical project,
and in turn the final work of the module serves as an
integrating exercise.

3.4 Other extracurricular activities / fieldwork
developed during the course.

Throughout the course, exercises of an empirical
nature are also proposed to exemplify the energy
demand according to the density of the urban sprawl.
In urban terms, one of the exercises proposed every
year is the measurement of the heat island effect
(defined as the increase in temperature in relation to
urban density and the size of the city (Evans, et al,
2001)). With Hobo-type measuring elements,
manufactured by Onset Computer Corporation (2019),
measuring the temperature at scheduled intervals,
different tours were carried out throughout the city,
with the aim of measuring the difference in °C in the
densest urban areas.

The Professors were divided into groups, and each one
was assigned a tour. Once done, the results were
combined on the map of the City of Buenos Aires, and
the temperature lines were outlined.

The result was the creation of a temperature map,
which enables the understanding of the important
climatic variations and thermal comfort, according to
the scale. It was also made visible that certain urban
events (avenues, green spaces, reflecting pools and
places with prevailing winds) help to lower the
temperature  and, therefore, lower energy
consumption.

Another activity that students are encouraged to do is
to present their work and develop their lines of
research at scientific conferences and knowledge-
transfer events. To cite an example, the Faculty of
Architecture, Design and Urbanism hosts a regional
scientific meeting every year. As of 2018, several of the
student's works were presented.

During the first half of 2020, and with the pandemic as
a global panorama, a series of virtual talks were held
with architects, politicians, economists and various
disciplines, under the title "Sustainable Latin America".
The objective was to invite regional references to
promote exchange between countries and contribute,
in a context of uncertainty, to consolidate a regional
identity and promote the development of sustainable
cities.

Finally, this year, the master's degree will develop a
thematic table on energy efficiency at the University’s
main research exhibition, to transfer student work, as
well as to disseminate and share the work with
universities throughout the country.

4. CONCLUSIONS AND FOLLOWING STEPS

The progress in the postgraduate courses on energy
efficiency in the building, presented in this work,
represents an important effort to respond to the
energy challenges stated in the introduction and
contribute to the necessary modifications to be made
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to achieve a more sustainable built environment. In
addition, the high enrolment in the new Masters
degree demonstrates that the interest is latent at that
the contribution towards a more sustainable
environment is being carried out in an orderly
manner.

As steps to follow in the programme’s development, a
central aim is to engage with other Universities around
the world teaching similar programs to develop
exchange seminars for students to further develop
their Thesis/Dissertation research.

In addition, a series of publications featuring the most
interesting research projects developed during the
course are planned, backed by the University’s
Postgraduate Secretariat, in order to encourage
students to participate in peer-reviewed journals.
Lastly, a regional conference is bound to be hosted by
SAU in the upcoming years in order to consolidate the
programme and the University of Buenos Aires as a
production and research hub for sustainable
development ideas within the Latin-American context.
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ABSTRACT: The future of sustainable buildings in the age of emergency depends not only on large initiatives, but also
on small sustainable attitudes aimed at education and the popularization of new technologies that positively impact
the environment among the population. From this perspective, universities as institutions that not only generate and
transmit knowledge, but also act as transforming agents in society, through dialogues with their external community,
play an extremely important role. The performance of these educational institutions is the theme of this article. The
paper has as subject one of the extension actions of the Sustainable Attitudes project, developed by LabCA -
Laboratory for Creation and Analysis of Environments of the Federal University of Rio de Janeiro, which focuses on
dissemination and assimilation of new energy saving lamp technologies. This action is the result of a Brazilian society
demand identified in the research about the information that lamps packaging should contain at Brazil, published in
the PLEA 2017 proceedings. Therefore, the article focuses on the Education and Training track and intends to show
the initiatives created during the covid-19 pandemic and its results over two years.

KEYWORDS: sustainable initiatives, education, popularization, lamps, energy efficiency

1. INTRODUCTION

The education and training of individuals has an
important impact on the future of sustainable
construction and, within this theme, universities play an
extremely important role. They act as transforming
agents, contributing to the development of the
community through the students’ education and
training, which must go through teaching, research and
extension.

These three activities are in line with the
institutions' commitment to transmit, generate and
disseminate knowledge, aiming at the construction of
the local socioeconomic and environmental reality,
through a dialogic interaction between their internal
and external communities, in the search for answers to
the countless challenges of humanity.

These three fronts of action, although have different
characteristics, not happen in isolation. They feed back
themselves into the formation of knowledge, which
leads them to be carried out inseparably, shaping the
character of Universities.

In the brazilian scenario, the search for this
characteristic of higher education institutions is driven
by the inclusion of extension activities in the
undergraduate courses curriculum. Currently, this
inclusion follows the provisions of resolution no. 07 of
December 18, 2018, of the CNE - National Council of

Education, which establishes the guidelines for
extension in brazilian higher education and regulates
the provisions of goal 12.7 of Law n. 13,005/14 [1].

By this resolution, extension activities must
comprise at least 10% (ten percent) of the total student
curricular workload of undergraduate courses, and
must be part of the courses curriculum. This change
aims to prepare not only future higher education
professions, but the training of graduates who will
exercise citizenship, think critically about the society in
which they live, act in order to reduce social
inequalities, assuming a commitment to building your
society.

Within this perspective, with the intention of
collaborating in the role of the Federal University of Rio
de Janeiro as a transforming agent of society, the
Sustainable Attitudes extension project was born with
the purpose of carrying out actions together with its
community , observing the demands identified through
the results of the research developed in the LabCA -
Laboratory for Creation and Analysis of Environments,
as is the case of the action aimed at the education and
popularization of news  energy-saving lamp
technologies, which is addressed in this paper.

This action is the result of research on the
information that lamp packaging must contain in Brazil,
that was published in the PLEA 2017 proceedings [2],
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and of its developments, published in the
ENCAC/ELACAC proceedings of 2019 [3] and 2021 [4].

2. THE SUSTAINABLE ATTITUDES PROJECT

The Sustainable Attitudes project is an action that
encompasses several extension activities dedicated to
the education and popularization of science and
technology that promotes the insertion and
dissemination of technological innovation products and
processes in the market.

The objective is to encourage changes in the
population's consumption pattern, such as in the
production of goods and services currently offered. All
project activities begin from society demands identified
by research that are developed by members of the
LabCA group.

Conceived to be developed in person, it was
necessary to adapt its format to the advent of the
Corona Virus pandemic that emerged in society in 2020,
when the activities would begin.

One of its extension actions that soon adapted to
the new format was aimed at helping the population,
with a focus on the city of Rio de Janeiro, to correctly
consume the new lamp technologies available on the
market. The LabCA research group had identified this
demand from society on their studies, once
incandescent lamps with which people were used to
were no longer available in the brazilian market, since
2017.

In Brazil, the Ordinance MME/MCT/MDIC n? 1.007,
of December 31, 2010 [5] started to regulate the
minimum levels of energy efficiency of incandescent
lamps, stipulated by Inmetro - National Institute of
Metrology, Standardization and Industrial Quality, a
Brazilian federal autarchy, through the Brazilian
Labelling Program (PBE), applied to manufacturers and
suppliers since 1984.

Due to this ordinance (BRASIL, 2010) [5],
incandescent light bulbs in this country were
progressively no longer manufactured and imported
between 2010 and 2016, and their commercialization
was also gradually phased out by 2017.

The energy-saving lamp technologies, that have
become the available product, present a range of
variations in terms of luminous properties, unlike the
incandescent lamp, that dominated the brazilian
residential market for more than half a century.

The choice of these new products could not be
made only through their energy flow, as much as this
data contributed to energy efficiency in the built
environment. Published studies [2] had already shown
the need for the packaging of these new lamps
launched on the market to inform photometric units in
addition to the power of the equipment, so that the

choice of the product was also based on luminous
comfort. It was important to report the quantity of light
as its quality.

the LabCA research that continued this study,
however, observed that it was not enough to inform
these data, it was also necessary to help the consumer
to interpret them. With this in mind, the research group
worked on the elaboration of pictograms on
photometric units that can be used by manufacturers in
Brazil to improve the visual communication of lamp
packages [3].

The proposal consisted of adopting the suggested
pictograms (Fig. 1) with other signs that the same
research identified as commonly used on lamps
packaging at Brazil (Fig. 2).

Figure 1:
Photometric units pictograms created by the LabCA research
group
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Figure 2:
Signs already commonly used on lamps packaging at Brazil
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As part of the pictogram elaboration process [6], the
communication capacity of the signs created by LabCA
was evaluated through a public opinion survey [4] and
the result was satisfactory. Besides all pictograms being
interpreted correctly by the participants, the public also
commented that the signs helped to identify the
photometric units of the lamps and that their presence
on the product packaging would help to correctly
consume the equipment.

From these studies, the research group realized that
there was a demand from society to better understand
the luminous properties and their photometric units in
order to correctly consume the new lighting equipment
available on the market.

In this way, understanding the responsibility of
universities as transforming agents, the group develops
an extension proposal aimed at the community of Rio
de Janeiro, based on the question: Do you know how to
choose a light bulb?

From this simple question, two fronts of activities
were created by the Sustainable Attitudes extension
project: 1) production of educational activities on
moodle platforms; 2) production of educational videos
that are released on the research group's social
networks.

3. RESULTS

Since March 2020 to December 2021, the two fronts
of the extension project were carried out as follows: 1)
a question and answer challenge called Modern
Lighting vs. Contemporary Lighting, which certifies
participants, was held on the university's moodle
platform, known as AVA - Ambiente Visual de
Aprendizagem (virtual learning environment) [7] (Fig.
3); 2) an educational video on how to correctly choose a
light bulb was posted on the research group's social
networks [8] (Fig. 4).

Figure 3:
Production of educational activities on Moodle platforms
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Figure 4:
Educational videos available on LabCA's social network.
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The means of communication on both fronts are
accessible to people who are deaf or hard of hearing.
The videos have captions and sign language
interpretation is provided for all content in
synchronized media, respecting the level AAA criteria
for obtaining inclusive web design provided by the Web
Content Accessibility Guidelines (WCAG) created by the
World Wide Web Consortium (W3C ) [9], which are
standards recognized by many countries.

The challenge launched at AVA - Ambiente Visual de
Aprendizagem (virtual learning environment) has
already delivered more than 100 certificates between
July 2020 and December 2021. The educational video
had 229 views since its publication on September 24,
2020 until December 2021. The activities developed on
both fronts demonstrated the interest from the
population to the topic addressed by the extension
action.

The design and implementation of these actions,
now accessible to the public, required a lot of work and
time. In the AVA - Ambiente Visual de Aprendizagem
(virtual learning environment), it was necessary to
understand how to interact with a moodle platform to
create an activity that was didactic and, at the same
time, fun. The intention was to talk about innovation,
more precisely, technological innovation, but for a lay
public that does not necessarily intend to specialize, but
to know better the product they consume.

Innovations in lighting equipment, such as LED
(light-emitting diode), which more than a new lamp
technology is a new proposal for light, invade people's
homes every day. However, this purchase is often not
due to the lighting these products can provide, but
because it has reduced the home's energy bills.
Equipment that saves energy ends up being chosen not
for the environmental benefits, but for the financial
ones. Other times it is because these products are the
ones available on the market and the public consumes
them without knowing how to recognize the luminous
properties that the equipment offers.

The activity at AVA - Ambiente Visual de
Aprendizagem (virtual learning environment) started in
March 2020, but was only made available to the public
in July 2020.

The educational video made available on the
research group's social networks has also gone through
a long process since its conception. As in the AVA -
Ambiente Visual de Aprendizagem (virtual learning
environment), it was necessary to work with a simple
and direct language that would arouse people's interest
in watching all the didactic content. The idea was the
same as the virtual learning environment, but the
communication route was different.
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There was already a material available that had
been created for an event in 2019, but had to be edited
and adapted for social media. It was also necessary to
develop the video within the standards of inclusive web
design for people who are deaf or hard of hearing.
LabCA has partnered with another university extension
project, Tradinter Lab - Laboratory for accessible
audiovisual  translation  and Libras-Portuguese
interpretation of the Department of Letters and Libras
[10], to provide subtitles and sign language
interpretation for all synchronized media content.

This activity started in middle of 2020 and the
educational video was shared on LabCA's social
networks in September 2020.

For their individual actions, both projects had being
highlighted in the UFRJ extension newsletter, called
Comunica Extensdo (Fig. 5).

Figure 5:
UFRJ extension newsletter, called Comunica Extensdo, august
edition
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The two fronts of the Sustainable Attitudes
extension project were carried out by undergraduate
students from the Federal University of Rio de Janeiro
under the guidance of a professor linked to LabCA

research group. The participation of students in the
activities design is a characteristic of university
extension actions and, in the case of UFRJ, it is aligned
with the institutional values [11] of preparing students
to exercise citizenship, to think critically about the
society in which they live and to act in order to reduce
social inequalities, assuming a commitment to building
their own society.

These were the results obtained so far with the
activities that aim to promote the insertion and
dissemination of news energy-saving lamp technologies
available on the market. However, the Sustainable
Attitudes project is already opening other fronts that
deal with this same theme and others equally focused
on the results of LabCA research related to innovation.

The expectations are focused on access to the
target audience through other social networks of the
research group and UFRJ radio, which annually issues
public notices for participation in audio programs.
Regardless of the project's performance format, the
central idea is to always be aligned with the mission
[11] of its Higher Education Institution to contribute to
the scientific, technological, artistic and cultural
advancement of society.

4. CONCLUSION

The article showed that the university can help in
the education and popularization of new lamp
technologies that, by saving energy, contribute to
energy efficiency in the built environment and,
consequently, to sustainable architecture.

These equipment are different from the product
that the population was used to consuming and its
difference is not only in the electricity it consumes to
generate light, but also in the light produced.

As happened in the first decades of the 20th century
in Brazil, when educational institutions, together with
other organizations, played an important role in the
dissemination of the incandescent lamp in society and
in the popularization of the electric lighting system,
now, in the beginning of the 21st century, universities
can greatly collaborate with the transformations
promoted by new primary light source technologies,
such as LED devices. This initiative mainly impacts
residences, where the consumption of light bulbs is
made by a lay public, in most cases.

As a transforming agent of society, universities must
act in their external community from a dialogical
interaction, based on the inseparability of teaching,
research and extension. In the case in question, this
understanding produced sustainable initiatives that
could be carried out during the COVID-19 pandemic and
that, however small, are important in the era of
emergency.
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Will Cities Survive?

Adequacy of weather data standards to assess building

passive performance during summer
An application to French buildings
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ABSTRACT: The energy, environmental and social cost of the spread of HVAC systems in housing in France calls to
investigate the impact of climate change on buildings’ cooling energy needs. From the Energy Performance
Observatory database of buildings, annual cooling energy needs are calculated with the thermal model of the
French regulation, COMETh. For these simulations, nine different climate projections from 1981 to 2058 are used
with the RCP8.5 scenario, as well as representative years (reference and extreme), constructed from these
projections. The cooling needs of a large number of buildings increase from very low values in the past to non-
negligible needs in the future. The study of mean and standard deviation of the needs explains this evolution
according to two phenomena: an increase in average needs (Phen1), and a repetition and/or intensification of the
extreme years (Phen2). Classification by the k-average algorithm shows that we can use representative years to
identify vulnerable buildings. This classification brings out differentiated buildings groups along 2 axes: passive and
active buildings (Phen1) which can independently be adapted or not to future extremes years (Phen2). In particular,
some buildings require special attention, as they are passive on average, but sensitive to future extreme years.
KEYWORDS: Cooling needs, Climate projections, Representative years, Classification.

1. INTRODUCTION

Due to climate change and heatwaves (Riberon et
al., 2006), an increase of residential use of air
conditioners from 5% in 2005 to 13% in 2016 (Rolland,
2018) was observed in France. This trend was
confirmed recently for the entire air-conditioners
market since sales increased from 400 000 in 2015 to
823 000 units in 2020 (CODA Stratégies, 2021).

The spread of air conditioning systems would
increase electricity demand, greenhouse gas emissions
and external temperature resulting from its
thermodynamic cycle (de Munck et al., 2013). To limit
this spread, the French Thermal Regulation for
buildings (RT2012) promotes passive design strategies
(the architecture and the building envelope
characteristics). Indeed, it requires not exceeding an
energy need threshold for comfort and lighting (Videau
et al.,, 2013). The different combinations in passive
strategies can be evaluated using a Building
Performance Simulation (BPS) to calculate, for
instance, cooling needs.

However, past climate observations are still used in
the regulation’s BPS. Climate change and future
projections are therefore not taken into account even
though they may have an impact on the spread of
cooling systems. This should lead to reconsider the
current standards used to define weather data for BPS.
As a result, this paper focuses on the relationship
between external future climate conditions and
building thermal responses, in the context of thermal
regulation and standards.

It aims to (1) evaluate the impact of climate change
on building cooling needs, (2) assess the relevance of
using representative future climate files to classify
buildings in term of cooling needs, and (3) identify
those at risk, where the installation of an air
conditioner could or will be necessary.

2. METHODOLOGY

This paper follows a four-step method: (i) a
selection of 77 collective buildings from the Energy
Performance Observatory (OPE) database, (ii) a
construction of different climate data files based on

future projections and past observations, (iii) a
calculation of cooling needs using BPS, and (iv) an
analysis of the thermal responses under different
climate models and a classification regarding cooling
needs for the 77 buildings.

2.1. Building selection

Since RT2012, the characteristics of new buildings,
built after 2014, and their associated results are stored
in the OPE database (Directorate-General for Energy,
2018). From this database, we selected 77 projects.
The selection criteria were: (a) the project contains a
single building, (b) the building has at least one
collective housing area, and (c) the collective housing
must have a cooling need.

2.2. Climate conditions

Three types of climate data are used in this paper,
from Paris Montsouris location: (a) past and future
times series (both are predicted), (b) reference
representative years, and (c) extreme representative
years.

(a) For the construction of the predicted past and
future climate data, we used 9 climate projections
between 1981 and 2019 from the EURO-CORDEX
database (Moss et al.,, 2010). These projections are
combinations of Global Climate Models (GCMs) and
Regional Climate Models (RCMs) that we consider
equiprobable as shown in Table 1. For each of them,
only the Representative Concentration Pathway (RCP)
8.5 is considered (Gobiet & Jacob, 2011), which is the
most pessimistic gas emission scenario also considered
as “business as usual”. Beforehand, a bias-correction
procedure (Kraiem et al., 2020) was used by employing
ERAS observed data over the same period (1981-
2019), followed by a Hermite cubic interpolation from
3 hours to 1 hour.

Table 1: 9 combined climate models with scenario RCP 8.5

N° Global Climate Model (GCM) Regional Climate Model (RCM)
1 CNRM-CERFACS-CNRM-CM5 CNRM-ALADIN 63

2 CNRM-CERFACS-CNRM-CM5 SMHI-RCA 4

3 ICHEC-EC-EARTH SMHI-RCA 4

4 ICHEC-EC-EARTH SMHI-RCA 4

5 ICHEC-EC-EARTH SMHI-RCA 4

6 MOHC-HadGEM2-ES CNRM-ALADIN 63

7 MOHC-HadGEM2-ES ICTP-RegCM4-6

8 MOHC-HadGEM2-ES MOHC-HasREM3-GA7-05

9 MPI-M-MPI-ESM-LR ICTP-RegCM4-6

(b) The ISO 15927-4 provides a method for creating
a year of climate data, representing a period of several
years, to assess the average annual energy needs for
heating and cooling (ISO, 2005). Using at least 30 years
enables to overcome the internal variability of climate
(Maher et al., 2020). Thus, from the predicted data,

over the periods (1981-2019) and (2020-2058), two
reference years were created for the past and future
periods, respectively.

(c) Also from the predicted data, past (1981-2019)
and future (2020-2058) extreme years are constructed
using a method strongly inspired by the Netherlands
standard (NEN, 2020) based on parts 2, 4 and 5 of the
same ISO 15927 standard (I1SO, 2005).

As a result, we have 78 predicted years (1981-
2058), two reference years and two extreme years of
climate data for the past and future. Combined with 77
buildings and 9 models, this represents more than 56
000 simulations as shown in Table 2.

Table 2: Summary of simulations

Period Climate Years Models Buildings Total
Predicted 39 27 027
P
ast Reference ) 1386
and extreme 9 77
Predicted 39 27 027
Fut
uture Reference 2 1386
and extreme
56 826

2.3. Building Performance Simulations

The 56 826 BPS were performed using COMETh,
which is the thermal model used in the French building
thermal regulation RT2012. It relies on a 5R1C thermal
network model. Such model has proven to be efficient
at estimating cumulative indicators such as heating
and cooling energy needs (da Silva et al., 2016). The
simulation calculates the "bioclimatic" need. This is the
consumption of an ideal energy system, with an
efficiency of one, and systematically reaching the set
temperature. This measure allows ignoring the active
energy systems and measures the actual passive
performance of the building. Furthermore, in the
context of the regulation of buildings energy
performance, the internal loads and ventilation,
limited to the hygiene flow rate, are conventionally
established.

2.4. Analysis and classification

Our analysis includes 3 steps.

First, we assess the impact of climate change on
buildings by observing, between the past (1981-2019)
and the future (2020-2058), the average cooling needs
and the related Standard Deviation (SD), defined as

follows for the past:
2019

_ 1
Npast =E Z N; €Y)

i=1981

2019

1 _
ANpast = 3_9 z (N; _Npast)2 @)

i=1981
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where N; are the annual cooling needs for year i,
Npast is their past mean, AN, is their past SD.

Second, we compute for a given model, two
distributions (39 past and 39 future annual cooling
needs) for 77 buildings to understand their evolution.

Third, we perform two parallel classifications of the
77 buildings with the k-means algorithm. The first
clustering is based on the Euclidean distance from one
building to another in a 27-dimensional space
consisting of the following variables (past, future
average needs and future SD for the 9 models):

{Nz}astlﬁflutwANflutw R Ivl?astﬁlngutw AN,?utu }

Similarly, the second clustering takes into account
27 alternative variables based on the past, future
reference years and extreme future year for the 9
models:

{N'}ef,past’ Nr}ef,futw Nelxt,futu' R Nrgef,past' N‘r?ef,futw N:xt,futu }

Finally, we display the different clusters on graphs
in two dimensions, being projections of the 27
dimensions space. This helps to observe the distinction
between groups according to different variables.

3. RESULTS AND DISCUSSION
The results are detailed by following the 3-point
analysis approach presented in section 2.4.

3.1. Two climate change impact phenomena

Fig. 1 shows, for each building and for each model,
the average future cooling needs as a function of the
average past cooling needs. For each model, we
observe a linear pattern. All the linear regressions are
above the y=x curve, which corresponds to an increase
in cooling needs. This increase varies according to the
models with slopes ranging from 1.1 to 2. We thus have
a first phenomenon (Phen1) of proportional increase in
needs: a shift effect of the needs on average.

5 cese ym=X
%x +« modl
en . «  mod2
oo
H mod4
% B mod5S
modé
% . mod?
PR mods
é mod9
: 2
2 °

oo 5 30 15 100
Average past cooling need Ny, (kWh/m¥year)

Figure 1: Average future cooling needs based on average
past cooling needs for the 77 buildings and 9 models.

A similar linear behaviour is observed in Fig. 2
which represents, for each building and for each

model, the future cooling needs SD as a function of the
past cooling needs SD. All the points are above they =
x curve, which corresponds to an increase of the SD
(the slopes are ranging from 1.2 to 1.8). In particular,
this leads to more intense and/or more frequent
extreme needs. This is the second phenomenon
(Phen2): the stretching of the SD.

see y=X
«  modl
P4 «  mod2

4 mod3
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mod5S
mod6
mod7
mod8
mod9

Future cooling needs standard deviation
ANy, (KWh/mYyear)

0 2 4 6 8
Past cooling needs standard deviation AN, (KWh/m¥year)

Figure 2: Future cooling needs SD based on past cooling
needs SD for the 77 buildings and all models.

The linear trends could be due to the homogeneity
of the selected buildings (same type of use, the same
air exchange rate, and RT2012 compliant buildings).

3.2. Distribution in past and future cooling needs

Fig. 3 shows the past (blue) and future (red) cooling
needs distributions, for the 77 buildings and model 6.
On the left side of the distributions (low needs), we
note that the number of past annual cooling needs is
higher than the future. Conversely, on the right side
(needs above an arbitrary threshold); the number of
future annual cooling needs is greater than the past.
Thus, a large number of individuals has exceeded the
arbitrary threshold between past and future. This
migration may be due to the increment in mean
(Phenl1) or the repetition and/or intensification of
extreme years (Phen2).
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K £ mod6_1981-mod6_2019
3 mod6_2020-mod6_2058
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&

Migration exceeding
the threshold
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\ —

Number of needs for
each building and year (-)
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Cooling need N (kWh/m?year)

Figure 3: Distributions of past (1981-2019) and future (2020-
2058) cooling needs for model 6

More than the increase in consumption, the
crossing of the threshold and the creation of a need,

whether it is on average (Phen1) or punctual (Phen2)
are the real issue. Indeed, the transition from a nearly-
zero cooling need to a significant cooling need could
potentially requires the installation of an air
conditioner.

We observe that other models give similar
distributions in shape (thanks to the bias correction of
the models over the past period and the linearity
observed for all the models Fig. 1 and 2) but not in
quantitative value (since the slopes are different for
each model). The question is to distinguish passive
buildings from those vulnerable to climate change.
Taking into account the health risks associated with
heat waves, the latter will potentially require the
installation of an air conditioner. Thus, the priority is to
identify the different groups of buildings according to
their sensibility to climate change.

3.3. Classification and identification

This section is divided in three sections. The first
one shows the comparison between two building
classifications and the other two sections illustrate the
clusters in a bi-dimensional space.
Two classifications comparison

Table 3 compares the clusters of 77 buildings
(column 1) that are made by the two k-means
classifications: on the one hand, with the 27 mean and
SD variables (cluster name in column 2), and on the
other hand with the 27 reference and extreme
variables (cluster name in column 3). Each colour
represents a cluster. There are nine clusters for each of
the two classifications. Without going into technical
details, the choice of nine clusters was made by
studying the percentages of variations obtained by a
Principal Component Analysis (PCA) (Yang, 2019).

Table 3: Comparison of the two clustering (each line is a
building, with its corresponding cluster colours for the first
and second classifications)

Building et g

[S¥ EIPSEY PAPS PN PR 7]
[PPSR S NSNS AEINY V)

We observe that the 2 classifications give very
similar results. Only 2 buildings are not classified in the
same cluster from one classification to the other

(“1.zone_1" and “37.zone_2"). Moreover, the cluster
n°3 (1% clustering) is divided into 2 clusters (n°0 and
n°4, 2" clustering). In return, clusters n°6 and n°2 (1%
clustering) are combined into a single cluster (n°8, 2"
clustering).

The representative climate files (2" clustering) lead
to an equivalent clustering while requiring much less
computation than the first one. Indeed, we recall that
the use of reference years allows to divide by 20 the
number of simulations performed and presented in
Table 2.

First group distinction (Phen1)

Fig. 4 and 5 represent future reference cooling
needs as a function of past reference cooling needs for
each building, coloured according to its clusters, and
for models 4 and 7, respectively. These are two bi-
dimensional projections of the 27-dimensional space in
which the classification was done.

2 e cluster0
' s cluster1
- cluster 2
D 20 . « cluster 3
g ’ .
o~ . Active cluster 4
E » cluster 5
_§ 1 . cluster 6
x . - s cluster7
+2 10 ' cluster 8
‘65 First axis
’éu—.‘, of differentiation
b "
= os oot
%
.
Passive
0.0
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model 4 2
NG T past (kWh/m?/year)

Figure 4: Future reference as a function of past reference
cooling needs for model 4
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Figure 5: Future reference as a function of past reference
cooling needs for model 7

CLUSTER DIFFERENTIATION AXIS: We first observe
a linear behaviour of the future and past reference
years as in Fig. 1. We thus observe a first distinction
between the different clusters on this linear axis. On
the one hand, the passive buildings (bottom left) have
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low cooling needs in the past and in the future. On the
other hand, the active buildings (top right) have high
cooling needs in the past and in the future. Thisis a first
axis of differentiation of the clusters.

PHENOMENON 1 (PHEN1): The increase of the
average needs has the effect of transforming the
buildings, initially passive, into active buildings in the
future: this is notably the case of the clusters in the
center (n°0 blue and n°7 brown). These groups are
vulnerable to climate change for Phenl. Belonging to
these groups may lead to a long-term purchase of an
air conditioner, but all the models should be used for a
quantitative approach.

We observe that the groups, on the bottom left,
which are passive on average have different colours
(n°1 red, n°3 teal and n°8 cyan) while their points are
close to each other. Why would the k-means algorithm
distinguish them? The answer can be seen in a second
projection.

Second group distinction (Phen2)

Fig. 6 and 7 show the future extreme cooling needs
as a function of past reference needs for each building,
coloured according to its clusters, and for models 4 and
7, respectively. As before, these are 2 two-dimensional
projections of the space in dimension 27.

e cluster 0
U]
. « cluster 1
. - cluster 2
—_ .
Y . « cluster 3
é . 2 cluster 4
£ .. cluster 5
= ¢ "t cluster 6
= «  cluster 7
| I8 cluster 8
33 :
== . *
] -
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= e ! .
o

oo os 10 15 2.0
N;’,_,‘?_‘:,‘f{;} (kWh/m?%year)
Figure 6: Extreme future as a function of past reference
cooling needs for model 4

CLUSTER DIFFERENTIATION AXIS: We observe,
contrary to the linear behaviour of the previous
figures, a stretching of the clusters on the future
extreme values. Indeed, for groups having similar
average needs (aligned on the same vertical axis), they
differentiate on their extreme cooling needs: for
instance, cluster n°3 (teal) and n°8 (cyan). This is
therefore a second axis of distinction of clusters. At the
bottom, clusters are adapted to the extreme future. In
contrast, at the top, clusters are not adapted to the
extreme future. In summary, Fig. 7 shows the two axis
of differentiation.

12 Non-Adapted to

extreme future e clustero
.. e cluster1
=2 cluster 2
o
o BT ) « cluster 3
~<~ 8 e e cluster 4
E etive cluster 5
'§ 6 cluster 6
= s cluster 7
=g cluster 8
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’g‘s Second axis
£ g of differentiation
<,
Adapted to
o Passive extreme future
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del 7
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Figure 7: Extreme future as a function of past reference
cooling needs for model 7

PHENONMENON 2 (PHENZ2): The vulnerability of
buildings not adapted to future extremes is at the
origin of a punctual creation of cooling need and/or
represents a health risk. For example, if we had
considered only past — future reference cooling needs,
cluster n°8 (cyan) would not have been differentiated
from cluster n°3 (teal). However, we observe that the
cooling needs of future extreme years are much more
significant than the reference years. Belonging to
cluster n°8 therefore leads to a health risk and/or the
possibility of purchasing an air conditioner
immoderately (Phen2). Concerning the impact of
extreme climates in the purchase of an air conditioner,
it would be interesting to study the probability of
occurrence of these types of climates. Whatever the
model chosen, the buildings’ clusters can be classified
using 2-differentiation axis:

— Clusters 1, 3 and 4 like passive and adapted.

— Cluster 8 like passive not adapted (Phen2).

— Clusters 0 and 7 from passive to active (Phenl).

— Clusters 2, 5 and 6 like active.

The description of the buildings physical
characteristics did not reveal any clear building
parameter that would differentiate them a priori,
despite the approach limited to cooling needs. In
addition, the great homogeneity of the buildings can
also explain this result. Walls insulation may be the
discriminating parameter as the temperature increase
is the main effect of climate change. However, in
summer in France, its impact is difficult to quantify a
priori because:

— it is of 2°¢ order in the well-insulated buildings
studied with an air change rate limited to the
hygiene flow rate,

— its thermal effects are antagonists, limiting heat
transfer during the day and confining heat indoors
at night.

4. CONCLUSIONS AND PERSPECTIVES

(1) The study evaluates, on a large sample of
buildings, the impact of climate change according to
two dimensions: an increase in the average and an
increase in the internal variability of the climate (SD
and extreme). These two effects induce the migration
from low past cooling needs to non-negligible future
cooling needs that may require the purchase of an air
conditioner.

(2) The study has shown the relevance of using
representative years (reference and extreme) to
classify buildings in accordance with their cooling
needs. The approach developed showed that it was
possible, for the selected sample, to reduce the
number of simulations by 20 and maintain satisfactory
results.

(3) The classification highlighted two main
distinctions axis between buildings: active or passive,
and adapted or not adapted to the extreme future. The
proportional increase in average cooling needs could
tomorrow transform several buildings considered
passive today into active buildings (Phenl). On the
other hand, a group of buildings that today have low
needs will be particularly sensitive to future extremes
(cluster 8). With a low average exposure to needs, they
may give the impression of being well adapted to
future changes. However, they could present a health
risk for their occupants exposed to high ambient heat
from time to time (Phen2). Therefore, these buildings
should receive special attention.

To distinguish one group of buildings from another,
an analysis of the buildings characteristics should
further be explored. A more heterogeneous
population of buildings, extended to existing
residential buildings should also be studied. Besides, It
would be useful to extend this developed methodology
to other RCP scenarios and other regions in France.

It should be highlighted that the huge number of
calculations has been made possible by the existence
of a database of buildings already modelled for
dynamic thermal simulations (OPE). The data format is
only compatible with a dynamic thermal simulation
software (COMETh) which limits the possibilities of
confrontation with other tools.

One of the limitations of this work is the 39 - years
period used (the longer the period, the lower the
internal variability). Another is the extreme vyears
constructed considering extreme events over 5 days,
another period could lead to different results.
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combined with phase change materials for NZEBs

FACUNDO BRE" 2, ANTONIO CAGGIANO3, EDUARDUS A. B. KOENDERS?

L nstitut fir Werkstoffe im Bauwesen, Technische Universitit Darmstadt, Darmstadt, Deutschland
2 Centro de Investigacion de Métodos Computacionales (CIMEC), UNL, CONICET, Predio “Dr. Alberto Cassano”,
Colectora Ruta Nacional 168, Paraje El Pozo, Argentina
3 DICCA - University of Genova, Genova, ltaly

ABSTRACT: This work aims to introduce a new multiobjective optimization method for designing insulating
cementitious foams combined with phase change materials (PCMs) to improve the energy performance of
buildings. To achieve this, the multiobjective Non-dominated Sorting Genetic Algorithm-Il (NSGA-II) and
EnergyPlus software are dynamically coupled. Parametric models for PCMs and insulating cementitious foams are
implemented in EnergyPlus to optimize their thickness and the PCM melting temperature. The BESTEST 900 from
ANSI/ASHRAE Standard 140-2011 is chosen as a case study to evaluate the performance of the different designs.
As objective functions, the annual heating and cooling loads are calculated in Sofia city, Bulgaria-EU. The results
reveal several conclusions in terms of physics correlations between the design variables and objective functions.
Regarding the total annual loads, the best design reduces 8.95% of the loads (compared to the Baseline model) by
using 10 cm of cementitious foam combined with 2.5 cm of PCM with a melting temperature of 24.41 °C.

KEYWORDS: Energy conservation, Insulating cementitious foam, Phase change material, Multiobjective

optimization, Building performance simulation.

1. INTRODUCTION

Developing new building materials is a key
research area to reduce the energy consumption in
buildings and related CO2 emissions. Researchers
have conducted major efforts for developing two
main types of materials regarding their applicationin
buildings: insulating materials and energy storage
materials.

Insulating materials are useful for reducing the
thermal transmittance of building envelopes and
controlling their heat loss and/or heat gain [1].
Typical insulating materials such as
polyisocyanurates, extruded and expanded
polystyrenes, and mineral and rock wools can
achieve a very low thermal conductivity. However,
most of these materials are highly flammable and
have low recyclability. Thus, cementitious foams
have great potential as insulating materials because
of their low thermal conductivity, and their
advantages of being non-flammable, non-toxic, and
fully recyclable.

Moreover, energy storage materials can
accumulate excess heat from indoor air and can be
used to cool buildings efficiently. In particular, phase
change materials (PCMs) have attracted great
attention from the construction sector to improve
the energy efficiency of buildings [2]. While
undergoing their phase transition, PCMs can store
and release large amounts of heat energy and have
a stabilizing thermal effect inside buildings [3].
Despite its enormous energy-saving potential,

successful use of passive PCM-based systems in
buildings is not implicitly guaranteed. This is because
the performance of passive PCMs strongly depends
on their complete daily thermal cycles [4].

Within this context, the NRG-STORAGE project
[7]1 proposes a new cementitious foam with
embedded micro-encapsulated PCM, so-called NRG-
FOAM, aiming to achieve a lightweight material with
an advanced insulation property and enhanced heat
storage capacity.

Although the thermal properties of new
materials can be measured using proper laboratory
experiments, their real performances and optimum
design have to be carried out at the building scale.
Advanced building performance simulation tools are
a suitable method to achieve it, which can predict
the performance of the new materials in the built
environment while considering real local climate
conditions [5].

In this first effort, a multiobjective optimization
method is proposed to find the optimal designs of
insulating cementitious foams combined with PCMs
in buildings. To achieve this, the multiobjective Non-
dominated Sorting Genetic Algorithm-Il (NSGA-II)
and EnergyPlus software are dynamically coupled. As
a case study, the BESTEST 900 is chosen to evaluate
the annual heating and cooling performances of the
different feasible designs.

2. METHODOLOGY

2.1 Case study

The ANSI/ASHRAE Standard 140-2011 BESTEST
900 is employed to evaluate the performance of
several foam-PCM designs applied to a typical wall
structure [6]. The BESTEST is a basic test for building
energy simulations, consisting of a single thermal
zone with no interior partitions and two South-facing
windows, see Fig. 1a. To characterize the
performance of this building, the BESTEST 900 has an
ideal HVAC system, whose thermostat control is set
to 20 °C as the lower limit for heating and 27 °C as
the upper limit for cooling.

Three real-scale BESTEST 900 buildings are
currently under construction in Sofia, Bulgaria. These
are demo prototypes that will be used to
experimentally measure the performance of several
NRG-FOAMs, developed within the NRG-STORAGE
project [7]. So, a numerical model of this real scale
BESTEST 900 is implemented in EnergyPlus 9.0
following the characteristics detailed in [6].

Figure 1:
Case study building. (a) BESTEST 900; (b) Prototypes under
construction in Sofia (With courtesy of GBS Bulgaria).

(a) BESTEST 900

(b) Real-scale prototypes

2.2 Multi-objective optimization approach

Mathematically, the building performance
optimization is posed as the following bi-objective
optimization problem,

Minimize [f1(x), f2 (x)], (1)

where x = [d1, Tpeak, d2], being di1 the thickness (m) of
the PCM, Tpeak the peak melting temperature (°C) of
the PCM, and d: thickness (m) of the cementitious
insulating foam. The objectives f1(x) and f2(x) are
annual heating and cooling loads obtained as a result
of the EnergyPlus simulations for the recent typical

meteorological year (TMYx.2004-20181') in Sofia,
respectively.

2.3 Description of thermophysical properties of
materials and design variables

Fig. 2 shows schematically the configuration of
the wall construction for the Baseline model and the
proposed one. The position of the PCM and the
cementitious insulating foam among the wall layers
can be observed in Fig. 2b.

Concrete foams (see Fig. 3) are made of cement
paste (or sometimes mortar) in which a very high
amount of air voids is entrapped by using an
appropriate foaming agent. Cementitious foams are
non-flammable, possess an extremely high
flowability (also suitable for 3D printing), a very low
specific weight, generally contain no aggregates, and
have outstanding thermal insulation properties.
Based on a proper mix design, a wide range of
densities can be attained (varying from 90 to 300
kg/m3), as well as different porosities with particular
pore size distributions.

Figure 2: Wall construction material configuration. (a)
Baseline model; (b) Proposed wall.

Concrete Block

~N

Wood Siding
~ (Outside)

Foam insulation

(a)

Concrete Block

Wood Siding
(Outside)

Cementitious-foam
insulation

(b)

1see data available in http://climate.onebuilding.org/
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The thermophysical properties of the
cementitious foam are taken from [8]. This foam was
designed with a targeted dry density of 180 kg/m3
while using a water-to-cement ratio for the cement
paste of 0.4.

Figure 3:
Typical concrete foam and 3D heat flow schematization.

The Rubitherm RT25HC [9] is chosen as
reference PCM. With this, a shift of +10/-10 °C is
numerically allowed for the enthalpy curve (latent
capacity) of the material to study the optimal melting
temperature (Tpeak) in the optimization task, see Fig.
4. The latent thermal capacity of PCM is represented
by the PCM model (MaterialProperty:PhaseChange)
of EnergyPlus [10]. The main input in this model is
the enthalpy-temperature curve of the PCM.

Figure 4:
Enthalpy curve of the PCM as a function of the temperature
and the considered optimization range.

250

Optimization range

50
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Temperature [°C]

Tables 1 and 2 show the thermophysical
properties of the wall construction layers for the
Baseline model and the ones proposed herein,
respectively. The optimization ranges for the
cementitious foam and the PCM thicknesses are also
specified in Table 2.

Table 1:
Thermo-physical properties of the wall construction
elements for the Baseline model.

Elem. K Thickness  Density Cp
[W/(m K)] [m] [ke/m3]  [J/(kgK)]

Concr. 0.51 0.1000 1400 1000
Block
Foam 0.04 0.0615 10 1400
Insul.
Wood 0.14 0.009 530 900
Siding

Table 2:

Thermo-physical properties of the wall construction
elements for the proposed optimization.

Elem. k Thickness  Density Cp
[W/(m [m] [kg/m3  [J/(kg K)]
K]

PCM 0.200 0.001- 820 2000
RT25HC 0.025 (sens.)
Concr. 0.510 0.100 1400 1000

Block
Cement 0.059 0.010- 180 938

Foam 0.100
Wood 0.14 0.009 530 900
Siding

2.4 Implementation and setup of the optimization

To solve the optimization problem (1) for the
case study, the NSGA-Il optimization algorithm [11]
is dynamically coupled with EnergyPlus to find the
optimal design parameters that minimize both the
heating and cooling loads. The implementation of
the optimization algorithm is described in detail, in
our previous work [12]. The optimization problem is
solved by using a population size of 48 individuals
and 100 generations, resulting in 4800 EnergyPlus
simulations.

3. RESULTS

Fig. 5 shows the multiobjective optimization
results obtained for the mentioned BESTEST 900
case study. These include the best trade-off (Pareto
front) between heating and cooling loads and all the
feasible designs evaluated during the optimization.
Furthermore, the heating and cooling loads
demanded by the Baseline model are also shown to
have a reference for the improvements reached by
the optimized designs.

From these results, it can be seen that there is a
wide range of designs for the variables analyzed. In
this space, several designs can reduce the cooling
loads but increase the heating ones in comparison to
the Baseline configuration. Moreover, there are a
few designs that reduce the loads for both heating
and cooling compared to the Baseline model.

Figure 5:
Optimization results of the annual ideal loads, for heating
and cooling, considering the case study in Sofia.
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To better understand the physics behind the
optimal designs (Pareto front), the optimum
thicknesses of the cementitious foam and PCM are
shown in Fig. 6. The designs go over the Pareto front
from the solution with the best performance for
heating (Opt-1) to the solution with the best
performance for cooling (Opt-48). It can be observed
that the thickness of the cementitious foam
(insulation material) is the thickest one allowed (10
cm) to reduce the heating loads (Opt-1), and from
here, it decreased until reaching the thinnest one
allowed (1 cm) for minimizing the cooling loads (Opt-
48). Moreover, all optimized designs chose the
thickest PCM.

Figure 6:
Optimal thicknesses for the cementitious foam and PCM
for each design on the Pareto front.
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Regarding the optimum melting temperature of
the PCM, Fig. 7 shows the optimum Tpeak Obtained for
each design on the Pareto front (Opt-1 to Opt-48).
The design with the best performance for heating
(Opt-1) employs a PCM with a peak melting
temperature of 22.66 °C, while after that, the
optimum Tpeak increases up to 28 °C and stays around
this value for reducing the cooling loads.

Figure 7:
Optimized Tpeak Of the PCM obtained for each design on the
Pareto front.
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To enable quantitative analysis, Table 3
summarizes the performance of obtained optimum
designs and their relative energy savings in
comparison to the Baseline model. The configuration
of these optimized designs is described as well.

The best design for reducing the heating loads
(Opt-1), achieves 11.76% of heating savings but
almost did not reduce the cooling loads (0.06%),
resulting in an 8.73% saving on the total loads.
Conversely, Opt-48 achieves a 30.01% of reduction
for cooling but had increased heating loads by
89.38%, resulting in a 58.47% increase in the total
loads. Regarding the best design for reducing the
total loads, the Opt-4 is the best option on the Pareto
front. This design archives a reduction of 8.95% for
the total loads by saving 11.34% and 2.14% for the
heating and cooling loads, respectively. The
configuration of this design compromises 10 cm
thickness for the cementitious foam combined with
2.5 cm of PCM, and this PCM has a Tpeak of 24.41 °C.

Table 2:
Configuration and energy performance of the Baseline and
optimized designs.

Baseline  Opt-1 Opt-4  Opt-48

Heating
load [kWh]  2914.14 257134 2583.8 5518.74
Cooling
load [kwh] 1018.04 1017.46 996.28 712.51
Total load

[kWh] 3932.18 3588.80 3580.0 6231.25
Heating

saving [%] - 11.76 11.34 -89.38
Cooling

saving [%] - 0.06 2.14 30.01
Total

saving [%] - 8.73 8.95 -58.47
di[m] - 0.025  0.025  0.025
Tpeak [°C] - 22,67 2441  27.97
d; [m] - 0.10 0.10 0.01
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4. CONCLUSION

This paper introduced a multiobjective
methodology to optimize the design of an insulating
cementitious foam combined with phase change
material (PCM) in buildings. To address this, the
multi-objective Non-dominated Sorting Genetic
Algorithm-Il (NSGA-II) was dynamically coupled with
annual EnergyPlus simulations for the BESTEST 900
from ANSI/ASHRAE Standard 140-2011. Parametric
models for the cementitious foam and PCM were
implemented in the EnergyPlus simulations to study
the optimal thicknesses of the materials along with
the PCM melting temperatures.

The optimization results showed that heating and
cooling loads have a complex and contradictory
relationship regarding the design variables.
Therefore, a simulation-based and multiobjective-
based optimization approach is needed and highly
recommended for performing the optimization of
the PCM melting temperatures as well as of the
insulation thickness in buildings.

Regarding the cementitious insulating foam, the
optimum design for reducing heating loads is
achieved for a thickness of 10 cm, while a thickness
of 1 cm is necessary to minimize the cooling loads.
This latter shows that insulation materials have to be
carefully designed by also considering the building
typology and local climate.

As for the PCM, all optimum solutions on the
Pareto front employ the thickest option of 2.5 cm but
were combined with different melting temperatures
related to the performance of the design. A melting
temperature of 22.66 °C was necessary for reducing
the heating loads while a melting temperature of
around 28 °C was preferred for reducing the cooling
loads.

Regarding the optimal combination of the design
variables, there is a design that can reduce the
heating loads up to 11.76% and another design that
can reduce the cooling loads up to 30%. In terms of
total loads, the best design reduced 8.95% of the
loads by using 10 cm of cementitious foam combined
with 2.5 cm of PCM with a melting temperature of
24.41 °C. Here, it was demonstrated that it is
possible to improve the original wall configuration by
the optimum combination of a cementitious foam
with a PCM. It may be worth noting that an improved
performance compared to the original results was
achieved by an increased thickness of the
cementitious foam. This is because the building
typology was dominated by heating loads and the
original insulation had a lower thermal conductivity
than the employed cementitious foam.

Finally, the proposed methodology showed great
robustness to explore the optimum solutions for
optimized building designs that use PCMs. Future
works will be focused on adapting and employing the

methodology to design the NRG-FOAMs panels
planned to be tested at a real scale BESTEST 900
buildings of the NRG-STORAGE project.
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ABSTRACT: The use of surface materials with adequate thermo-optical properties at pavements, facades and
roofs is an effective strategy to optimize the management of solar energy in cities, mitigate urban overheating
and improve energy efficiency in their buildings. This work presents an analysis of urban surface finish materials
in five cities that cover a wide range of geographic and climatic locations along Latin America: Campinas (Brazil),
La Paz (Bolivia), Mendoza (Argentina), Santo Domingo (Dominican Republic) and Valparaiso (Chile). One
residential neighborhood was selected in each city with special need for urban and building rehabilitation. A
unified procedure was defined to examine the in-use urban finishing materials and collect preliminary data
affecting their interaction with solar radiation at the five neighborhoods. The results indicate that in-use
materials were not selected according to the specific climatic characteristics of each location. These preliminary
data were compiled into a catalogue that will be expanded in future research with the experimental thermo-
optical properties of the in-use materials and those locally available for urban rehabilitation. The final objective
of the research is the proposal of urban surface materials adapted to the local conditions in each city and

considering sustainability aspects as well.

KEYWORDS: Solar energy, urban sustainability, surface materials

1. INTRODUCTION

Rising temperatures and heat waves constitute
one of the main effects of Global Change on the
climate and intensify one of the main current
environmental challenges: the warming of urban
areas. It is estimated that the percentage of urban
population in Latin America is 80% and the forecast
is that it will increase to 88% in the year 2050 [1]. It
is therefore essential that, both in the rehabilitation
and in the development of cities, measures be
implemented to mitigate this effect. However, the
research papers on urban heat island effect in this
area of the world are, for the moment, scarce [2,3].

On the other hand, the high-altitude Andin
regions are characterized by a cold weather and a
high intensity of solar radiation. In this case, the
main problem is not urban overheating, but the
need to maximize the use of solar energy to

improve indoor comfort and reduce the heating
demand in buildings.

The optical and thermal properties of the
surface materials in buildings and pavements define
the percentage of solar energy absorbed and the
speed at which this energy is radiated into the
atmosphere. Consequently, these are critical
parameters for the temperature of the urban
environment and of the indoor conditions in
buildings. Therefore, it is possible to mitigate
overheating in cities and improve energy efficiency
in their buildings by using surface finishing materials
with thermo-optic properties that optimize solar
energy management [4,5,6].

The general objective of the research pursues
the selection of sustainable surface finishing
materials with thermo-optical properties that
optimize solar energy management at Latin
American cities. As a first step, it is necessary to
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identify and catalogue the materials currently in use
in the cities. Latin American countries share a
similar history during colonial times and similar
languages that provide important cultural, social,
and economic links between them. However, they
have different climatic conditions and socio-
economic evolution throughout more recent times,
which have given rise to varied urban
configurations. To include these configurations in
the research, the cities analyzed must cover a wide
range of geographic locations, climatic conditions,
and demographic and economic characteristics
throughout Latin America. In this context, a
cataloging of surface finish materials has been
addressed in five Latin American cities: Campinas
(Brazil), La Paz (Bolivia), Mendoza (Argentina), Santo
Domingo (Dominican Republic) and Valparaiso
(Chile). A specific neighborhood has been selected
in each city that represents deprived areas with
special need for urban and building rehabilitation.
The cataloguing methodology has been defined and
the catalogue has been initiated with a set of
qualitative data that will be complemented with the
thermo-optical properties, sustainability aspects
and properties related to the material application.
This information will be used to evaluate the
potential improvement of sustainability that could
be obtained through the substitution of current
materials by others available in the local market.

2. METHODOLOGY

The methodology of the research was
developed in three steps.
2.1. Assessment of Latin American cities involved
in the study

In the first place, the main parameters that
define the cities participating in the study were
collected and compared. The parameters include
those determining the local solar irradiation:
latitude, altitude and climatic conditions as defined
by the Koppen-Geiger classification [6]. The
temperature (minimum, maximum and mean
annual values), the mean relative humidity and the
mean Urban Heat Island were considered, as
parameters closely related to the main problems of
urban discomfort and energy inefficiency of
buildings in each location. Finally, the population,
the surface of the urban area and the Gross
Domestic Product characterizing each city was
included in the comparison to approach the
capability of addressing rehabilitation solutions.

2.2. Selection of neighborhoods to be included in
the research

As a second step, one specific neighborhood was
selected in each city for the analysis, following
consistent criteria in all the cases. The criteria

include that the neighborhoods be located at
homogeneous areas of mainly residential use and
with a clear need for urban/buildings rehabilitation
due to discomfort conditions attributable to urban
envelope materials. In addition, only safe areas
were considered, which may be visited with no
specific risk for a detailed analysis and
measurement of envelope materials.

2.3. Definition of a catalog of urban surface
finishing materials

Cataloguing of surface finishing materials in use
at pavements, facades and roofs of the selected
urban areas was addressed. A data collection sheet
was structured to collect the information
corresponding to each material. The sheet is
segmented in two parts associated to the two steps
of data collection. In the step presented in this
work, preliminary data were collected, including the
material application, frequency of use, appearance
(color and texture), nominal properties, availability
and estimated cost. Different types of data sources
were allowed, as in-situ sampling, Google Earth
images or previous research works.

These preliminary data were compiled in a
catalogue that will be expanded in the second step
of the research.

3. RESULTS

3.1 Characteristics of the studied cities

Table 1 shows the parameters selected to define
and compare the five cities participating in the
study. The latitudes range from locations close to
equator, as La Paz and Santo Domingo, to the
latitudes around 33°S in Mendoza and Valparaiso,
with Campinas at an intermediate value. This
parameter influences the inclination of solar
radiation and consequently its heating capacity of
urban surfaces. This capacity is also determined by
the altitude, being especially high in the case of La
Paz, which is located at an altitude of 3500 m in the
Altiplano of the Andes. At the opposite side, two
low-altitude coastal cities are analyzed, Santo
Domingo and Valparaiso. The distance to the coast
and the presence of surrounding mountains, as the
Andes in La Paz and Mendoza, determine the
cloudiness in each location.

The climatic characteristics of the selected cities
are very different as a consequence of the different
locations: Campinas (Brazil) is placed in the
category of warm temperate climates and
specifically in dry-winter humid subtropical climate
(Cwa), La Paz (Bolivia) in a polar tundra climate (ET),
Mendoza (Argentina) in an arid desert climate (Bw),
Santo Domingo (Dominican Republic) in a tropical
savanna climate with dry winter characteristics (Aw)

and Valparaiso (Chile) in a temperate
Mediterranean warm summer climate (Csb).
Regarding the demographic and economic aspects,
most densely populated cities are La Paz and
Campinas, which differ significantly in their Gross
Domestic Product (GPD). La Paz, Mendoza and
Valparaiso show medium to low density and GPD
values.

Table 1:
Characteristics of the cities under analysis.

The data collected in Table 1, confirm that the
areas of analysis cover a wide range of geographic
and climatic locations and of demographic and
economic characteristics along Latin America. This
variety justifies the interest in performing a
comparative study of the urban surface finish
materials in these cities and their behavior under
solar radiation.

Parameter Campinas La Paz Mendoza S. Domingo Valparaiso
Latitude 22°48'S 16°29'S 32°54'S 18°28°N 33,03°S
Altitude (m) 680 3500 764 14 250
Climate [ref] Cwa ET Bw Aw Csb
Direct normal irradiatiorzk;:,\e}[];;azg 1781 2475 2189 1750 1966
Temperature (°C) | 12/32/22 -2/15/7 1/37/18 20/32/26 11/18/14
Mean Relative Humidity (%) 70 52 83 75
Mean Urban Heat Island (°C) 3-6 6.5
Population (million people) 1.22 0.86 1.09 1.04 0.30
Urban surface (km?) 795 168 104 402
% Gross Domestic Product 0.9 28 4 67.9 104

Note: Temperatures are given as minimum/maximum/mean annual values.

3.2 Characteristics of the selected neighborhoods

Specific urban areas were selected for the study
that comply with the general selection criteria
detailed in section 2 and present other peculiarities
of interest. The different morphologies of these
areas are shown in Figure 1.

In Campinas (Brazil) a neighborhood in the
district of Campo Grande was selected. Developed
from 1950 without an adequate urban planning and
infrastructures, most of the buildings are single
storey and distributed in an organic morphology
with streets width in the range of 9-12 m and
around a 5% of vegetation coverage. The district
includes various sectors exposed to high and very
high  vulnerability = with  subnormal  urban
agglomerations, which have become special areas
of social interest for regularization by the City
Council.

In La Paz (Bolivia), the adjoining neighborhoods
Huacataqui and Chualluma were analyzed. While
the former is representative of the conventional
urban envelopes of the city, Chualluma represents
the current transformation of the facades,
redecorated with geometric patterns and brightly
colored ethnic murals to enhance the identity of the
area. These are basically pedestrian areas with 1-2
story houses, distributed in an irregular urban
morphology, which adapts to the sloped
topography of the site. The streets are narrow,

plenty of stairs and without vegetation. They belong
to the six “Barrios de Verdad” of the city, a public
project for urban rehabilitation of wvulnerable
neighborhoods with special involvement of the
inhabitants.

In Mendoza (Argentina) the analysis was
performed at the Cementista neighborhood, which
is a peripheral residential area representative of
social neighborhoods in the city. It has a
homogeneous building typology, characterized by
1-2 story houses. The area is characterized by an
orthogonal grid morphology, in the form of
checkerboard with rectangular blocks, street widths
(vehicular zones) in the range from 9 to 12 meters
and a 13% of the surface covered by urban forestry.
The high potential of urban rehabilitation is related
to the high percentage of built area (80%).

In Santo Domingo (Dominican Republic), the
selected area was the San Miguel neighborhood,
which is one of the oldest quarter of Santo
Domingo’s Colonial City, dating from the 16%
century. The current layout, from an intervention
made in the 1970s, is a grid with rectangular,
square, and triangular blocks. The paved streets
have a width of 5 to 6 m, while the buildings are 1
to 4 stories and vegetation coverage is found in a
7% of the space. Urban rehabilitation of the area is
expected to be performed in the near future.
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a) Campinas. Campo | b) La Paz. Chualluma -

)Mnoza.
Grande. Huacataqui. Cementista. San Miguel.

d)Santo Domingo. e) Valparaiso.

Quebrada Marquez

Figure 1:

Morphology of the neighborhoods studied. Reference: Google Earth Pro, 2022

In Valparaiso (Chile), the selected area was the
Quebrada Marquez, housing complex, located
within the founding area of the city. The complex
was built in the mid-20th century and presents
social housing buildings in a block system. The
blocks are 5 story buildings developed in a reticular
morphology, with an urban grid in the form of
checkerboards staggered along the slope. The area
is characterized by eminently pedestrian and
narrow streets, crossed by stairs and passages and
without vegetation. The complex has the category
of patrimonial protection called "Typical Zone" and
is one of the most representative sectors of this
urban singularity.

3.3 Preliminary data collection

Surface finishing materials at pavements,
fagades and roofs that are in use in each of the
urban areas studied were inspected in-situ or using
Google Earth images. A first set of data were
obtained for the different materials and collected in
data sheets as the one shown in Figure 2 (for fagade
materials). The sheet is divided in a first set of
general data to identify the material and the
manner and the frequency in which it is observed in
the area of analysis.

The second part of the sheet refers to
morphological characteristics of the material
affecting the interaction of the surface with solar
radiation. A third set (not shown in Figure 2) will be
completed in future research to include the
thermo-optical properties of the surface material.
Finally, a set of indicators related to sustainability is
added and will be extended in the future.

A catalogue was generated with the data sheets
corresponding to all the surface finish materials in
use in the studied neighborhoods. This information
will be used to perform a comparative analysis,
considering the characteristics of each location
(Table 1). Optical characterization of surface finish
materials will be performed by in situ measurement
techniques and laboratory tests.

|A. GENERAL INFORMATION

Reference CPF2
Image

Location at facade/wall Complete
Percent use 20%

|B.1. MORPHO-MATERIAL

CHARACTERISTICS

Surface material Brick
Color Orange
[Tone Medium
[rexture Smooth
Size of unitary element Medium

.3. SUSTAINABILITY

NDICATORS

Cost (Sxm’)
[Type of technology Traditional
Range Economic

Availability in local market |High

Figure 2:
Example of the data sheets used to collect the
preliminary set of data from in use surface materials.

Figures 3 and 4 show an extract of the
catalogue, including the images of the most
frequent surface finishes in the pavements and the
facades, respectively, in the areas studied.

A first analysis of the collected data indicates
that the most used materials at pavements in all the
areas studied are asphalt for vehicular use and
concrete for both vehicular and pedestrian use. Soil
pavements were also observed in Campinas, La Paz
and Valparaiso (Fig. 3.b, 3.e and 3.n, respectively),
and stone is used in Mendoza (Fig. 3.i) and more
predominantly in Valparaiso (Fig.3.0). Finally, brick
as surface finish material in sidewalks was only
observed in Santo Domingo (Fig. 3.1)

Pigmented mortars and painted renders are
highly frequent surface materials in the facades of
the five areas. They are predominantly colored

white or in the range from yellow to red. Exceptions
are the facades of the Chualluma neighborhood in
La Paz, intentionally decorated in a wide variety of
bright colors (Figs. 4.d and 4.e). Part of the blocks in

Campinas La Paz

Figure 3:

Quebrada  Marquez (Valparaiso) show a
characteristic green render, as observed in Fig. 4.n.

Mendoza S. omingo Valparaiso

_o

Predominant surface finish materials catalogued in pavements of the neighborhoods under study.

Campinas

Figure 4:
Predominant surface finish materials catalogued in facades of the neighborhoods under study.

Exposed brick facades were frequently observed
as well in the neighborhoods of Campo Grande
(Campinas. Fig. 4.c), Huacataqui (La Paz. Fig. 4.f),
San Miguel (Santo Domingo, Fig. 4.) and
Cementista (Mendoza, Fig. 4.i). Finally, minority
observed materials were wood fagades in San
Miguel and reinforced concrete walls in Quebrada
Marquez (Figs. 4.k and 4.0, respectively).

Regarding the roofs, sheet metal roof was
observed as surface finish material in all the urban
areas analyzed and was the predominant option in

those of Valparaiso and La Paz. Cementitious flat
roofs are usual in Santo Domingo neighborhoods
and ceramic tiles were observed in inclined roofs in
Campinas and Mendoza. Finally, polymeric flat roofs
were only observed in the case of Cementista area,
in Mendoza.

The results from the preliminary data collection
evidence the use of similar materials in the five
urban areas analyzed, in spite of the significantly
different characteristics and conditions described
for each of them in sections 3.1 and 3.2. This means
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that the choice of surface finish materials in these
areas does not correspond to the climatic and
environmental conditions in which they are
inserted. In fact, they respond to the use of
globalized technologies that implement materials
with high thermal inertia. These technologies and
materials are more suitable for cities more distant
from the Equator than those analyzed in this study.

Another evidence obtained from the study and
observed in Figs. 3 and 4 is the degradation of the
surface finish materials in part of the
neighborhoods. This degradation affects the
thermo-optical response of the materials and must
be taken into account in future research.

4. CONCLUSION

This paper describes the first stage of a research
addressing the improvement of urban sustainability
in Latin American cities through the optimization of
solar energy management.

Preliminary data of the surface finish urban
materials were collected with a unified
methodology in disadvantaged neighborhoods of 5
cities representing different climatic conditions. The
data were organized into data sheets, gathered in a
catalogue to ensure an efficient data management
and a reliable comparison of the results from
different locations.

The results indicate that the materials currently
in use in the studied neighborhoods were not
selected according to the specific climatic
characteristics of each location. This means that a
more detailed research is of interest, to analyze the
potential substitution of current materials by others
adapted to local conditions.

With this idea in mind, the catalogue will be
extended in the future with the experimental
thermo-optical properties of the surface finish
materials. Other properties related to their
performance  and sustainability (transport
properties, thermal properties, carbon footprint,
durability, etc.) will be assessed as well. The
gathered information will be included in a life cycle
analysis of the materials, in which the origin of the
raw materials and manufactured elements will also
be considered. Similar data of the materials
available at the local markets for urban retrofit will
be included as well.

From this information, a suitable strategy to
improve the urban sustainability will be assessed,
based on the substitution of the current urban
materials by others with optimized properties for
the climate conditions of each area. Strategies to
mitigate urban overheating through the reduction
of solar energy absorption will be defined for areas
affected by high temperatures. On the contrary,
solutions to reduce the heating demand of buildings

through the enhancement of solar gains will be
proposed for colder areas.

The methodology initiated in the present work is
intended to be extended to other cities. Specifically,
it will be implemented in a similar analysis under
progress by the authors in deprived neighborhoods
of Madrid (Spain).
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ABSTRACT: Despite the well-known potential of Computational Fluid Dynamics (CFD) to enhance the prediction of
Building Performance Simulation (BPS) models, several barriers prevent BPS simulators from actively using CFD. A
recognized obstacle is the proficiency required to get a high-quality computational mesh to study the atmospheric
boundary layer (ABL) flow in actual urban environments. Hence, this work aims to present and validate an
automatic tool to generate and discretize a virtual wind tunnel from an urban geometry model given as an input.
The development comprises an unattended procedure that analyzes the buildings and their components (walls,
openings, shadings), determines dimensions of the domain and grid refinements that abide by the best practice
guidelines, and finally constructs the mesh. Case studies with isolated and non-isolated buildings show the
robustness and capabilities of the developed tool. A mesh convergence study is carried out to assess the sufficiency

of the spatial discretization for ABL simulations.

KEYWORDS: Urban environment, Atmospheric boundary layer flow, Computational fluid dynamics, Building
performance simulation, Computational mesh, Natural ventilation

1. INTRODUCTION

It is well known the need for feeding Building
Performance Simulations (BPS) with data computed by
Computational Fluid Dynamics (CFD) simulations
(Costola et al., 2009). For instance, the wind-induced
pressure distribution on the building openings is an
essential input data for Airflow Network (AFN) models,
and highly influential in the Natural Ventilation (NV)
results (Gimenez et al., 2018). Moreover, thanks to the
growing computing capabilities CFD can obtain
detailed information about the urban microclimate,
useful to predict the energy performance of buildings,
and the comfort and health of citizens in both, indoors
and outdoors environments (Toparlar et al., 2017).

The construction of high-quality meshes is a
prerequisite for successful CFD simulations. A set of
best practice guidelines ensures the reliability and
accuracy of the CFD predicted results, including a
detailed description of the desired features for the
computational grid (Tominaga et al., 2008; Franke et
al.,, 2011; Marzei and Carmeliet, 2013). Among the
latest works, Du (2018) has proposed a systematic
mesh generation method controlling the mesh quality
over the entire domain. However, the effort and
difficulties of manually generating proper meshes for
geometrically complex real urban environments
prevent BPS simulators from being active CFD users.

In this context, Bre and Gimenez (2022)
introduced CpSimulator, a platform that comprises a
set of fully automatic CFD-based tools to perform
atmospheric boundary layer (ABL) simulations. In that

work, the automatic tool to generate the
computational grid from a geometry file given as an
input was summarized and applied to the study of
simple models. The current work improves the
procedure for managing complex urban
environments. The geometry of the target building
and its surrounding environment, using the EnergyPlus
input format (IDF), is processed, reconstructed, and
placed in a computational wind tunnel, which is then
automatically discretized. The focus is put on
computing the characteristic sizes of the building
surfaces to assess an adequate local mesh resolution.
In addition, the automatic detection of the urban
envelope is introduced to ease the split of the spatial
domain and improve the calculations in the urban
area. Several case studies, involving isolated and non-
isolated buildings, show the capabilities of the
developed tool. Additionally, the sufficiency of the
spatial discretization generated by the automatic tools
is assessed through a mesh convergence analysis of
ABL simulations.

2. METHODOLOGY

The unassisted procedure to reconstruct the target
building and its environment and generate the
computational domain involves a sequence of steps
described next.

2.1 Geometry Input
The description of the geometry of the building and
its environment should accomplish: a) the +z
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coordinate is the height direction and the true North is
aligned with +y coordinate, b) length units should be
in meters, and c) the building geometry should be split
into different surfaces according to their usage (e.g.,
walls, roofs, floors, windows, etc.). The input format
advised is IDF, the same generated to perform BPS in
the EnergyPlus software. The automatic tools process
specific objects such as zones, surfaces, openings
(doors, windows), and shadings. In the case of urban
models, it is suggested to represent the surrounding
environment by using shading objects. So, the target
buildings are automatically identified through the
target zones included in the IDF file. Otherwise, the
geometry is considered a unique and isolated building.

2.2 Virtual Wind Tunnel definition

First, the bounding box of the input geometry is
automatically computed by an analysis of each surface
of the target buildings and their environment.

The geometry is relocated such that the center of
coordinates is placed at the centroid of the target
buildings at ground level. Thus, the geometry is
introduced in a computational wind tunnel domain,
whose external limit is a polygon of 24 sides to reuse
the same mesh for the several simulations required
due to varying the wind incidence angle.

The dimensions of the computational domain
abide the COST Action 732 European best practice
guidelines for CFD simulation of flows in the urban
environment (Franke et al., 2007). So, the height and
radius of the “cylindrical” domain, i.e. Hiomain and
((Woutriow + Whuitaing)/2 respectively, are defined
such that guarantee a blockage ratio lower than 17%
for horizontal and vertical directions to avoid virtual
accelerations (Blocken, 2015). For this, it can be
demonstrated (Bre & Gimenez, 2022) that two
conditions should be simultaneously accomplished:

Hdomain — 6 (1 a)
Hpuilding ’

Woutflow = max (15Hbuilding'2-5 Wbuilding)' (1.b)

where Hyy1qing is the height of the tallest building,
and Wyyiiaing is the maximum projected frontal width
of the building (or urban envelope) for any wind
incidence, see Figure 1.

Detecting the urban envelope enables the split of
the domain into two distinct spatial areas to impose
different mesh refinements and to gain versatility for
the specification of the boundary conditions. In the
outer area, the buildings or other obstacles are
present, but they are modeled implicitly by the
aerodynamic roughness length zo, which is estimated
using the roughness classification of Wieringa (1992).
The inner area represents the ground surface among
the explicitly modeled buildings and other obstacles.
In actual urban environments, the small-scale features
are not explicitly represented (sidewalks, benches,

fences, trees, hedges, etc.), so they should be implicitly
modeled. To reproduce experimental wind tunnel
results, imposing on this area the aerodynamic
roughness of the turntable is convenient.

Figure 1:

Virtual wind tunnel for the CFD-based simulations:

(a) the 3D perspective of the resulting computational domain
for a case study of a generic urban area; (b) reference
dimensions.

outer area

(a)
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2.3 Meshing process

The meshing procedure is based on the
snappyHexMesh  tool. Initially, a background
hexahedral mesh, with homogeneous cell size DX, is
recursively refined to shape the input surfaces that
define the buildings and the boundaries of the
computational domain. Next, the mesh is fitted to the
surfaces splitting the hex cells around the objects, and
finally, the mesh is shrunken back and prismatic cell
layers over the building surfaces are inserted.

The entire process is unassisted but is controlled
by several parameters set in advance. The key of the
development is the capability to automatically define
the refinement levels on the surfaces and inside
predefined volumetric regions for a given reference
cell size DX defined as:

DX = (1—m) DX, + m DX, (2.a)
DX; = 0.75 min (Hpyiaing, Wouitaing)» (2-b)
DX, = 0.75 mean (Hpyiaing, Whuitaing)» (2.)

where m = 0.375. This specification allows defining a
proper reference size for cases studies with different
aspect ratios, this is, from a very low rise building or a
residential urban envelope to an isolated high-rise
building.

A second automated analysis of each input surface
enables exporting the STL files and computing local
reference lengths to feed the meshing tool (see
Algorithm 1).

As presented in Algorithm 1, the ratios between
global and local sizes, which define the refinement
levels, are computed for each object. This allows

meshing geometries where surfaces with very
different length scales are simultaneously present.

Algorithm 1:
Automated analysis of an .IDF. The parameter ncells=6 for
surfaces on targetBuilding and ncel1s=1 otherwise.

1) foreach surf in surfaces
1.1) extract vertex coordinates and
1.2) transform points with locals relativeNorth, and
origin and globals NorthAxis and zeroDispl
1.3) foreach opening in surf
1.3.1) get ref length as dx=min(lenght (edges))
1.3.2) export the STL
1.3.3) remove the opening from surf
1.4) get ref length as dx=min(lenght (edges))
1.5) export the STL of the resulting surf
2) foreach shad in shadings
2.1) extract vertex coordinates and
2.2) transform points with globals NorthAxis and
zeroDispl
2.3) detects if it is attached to a targetBuilding
2.4) get ref length as dx=min(lenght (edges))
2.5) export the STL
3) per surface, opening and shading determine the
refinement level k=min(K) such as
ncells < dx/(DX/2"K)

To guarantee that grid lines are perpendicular to
the walls and correctly reproduce the flow separation,
prismatic cells layers are placed on every surface of the
target building and the ground located in the inner
area.

The number of cells between two buildings or in-
between two surfaces of the same building is not
explicitly imposed. The refinement level imposed in
this region is a consequence of the volumetric
refinement through distance bubbles required.
Considering a building of width W, where the required
refinement level on its surfaces is k, we impose four
bubbles: (eight-cells length, k), (W, k-1), (2W, k-2),
(4W, k-3), where the first value is the distance to
building and the second the minimum refinement level
demanded. The number of cells in between is a
consequence of the surface refinement level, the
layers on each opposite surface, and the volumetric
mesh distance-based refinement, see Figure 2.

Figure 2:
Volumetric refinement through distance-bubbles.
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The quality of the computational cells is controlled
via the maximum skewness, the non-orthogonality,
and the aspect ratio parameters. The mesher
prioritizes these requirements over a strict conforming
of any detail of the geometry. The resulting high-
quality hex-dominant mesh is well suited for the finite
volume method because of the low truncation errors
and the fast iterative convergence.

The final number of elements of the mesh can be
accurately predicted a priori (without generating the
mesh), since it is a consequence of the DX and the set
of refinement levels demanded. This fact is used by
CpSimulator to estimate the computational effort that
supposes a given request.

2.4 ABL simulations

The ABL flow is considered as an incompressible
homogeneous viscous fluid flow. The steady Reynolds
averaged Navier-Stokes (RANS) approach is adopted.
The closure models employed to estimate the
turbulent viscosity are the renormalization group
(RNG) k-& model (Yakhot et al. 1992) for low-rise
buildings and the k-w SST model (Menter 1994) for
high-rise buildings.

For the inlet boundary conditions, the approaching
wind profile for a neutral ABL is modeled using
boundary conditions suggested by Richards and Hoxey
(1993). A critical requirement is to guarantee that the
inflow ABL profile imposed preserves its shape
throughout the upstream domain despite the distance
from the inlet to the building, i.e. maintains the
horizontal homogeneity. Thus, a compatible wall
function that depends on zo is applied on the ground
and a fixed shear stress condition on the top
(Heargraves and Wright 2007). A summary of the
boundary conditions employed is given in Table 1.

Table 1:
Summary of the boundary conditions employed.
Location Velocity Pressure Turbulence
inlet ABL Zero grad. ABL
outlet outflow outflow outflow
outer ground no-slip Zero grad. ABL Yvall
functions
ABL or std.
inner ground no-slip Zero grad. wall
functions
Shear
top stress Zero grad. Zero grad.
Building walls no-slip Zero grad. std. \{vall
functions

The time-averaged RANS equations are solved
using an implicit, segregated, three-dimensional finite
volume method (FVM). Pressure-velocity coupling is
solved with the SIMPLE algorithm (Ferziger and Peric
2002). The running procedure starts the simulation
with velocity and turbulent fields initialized
everywhere to the free-stream conditions. To diminish
the failure probability, an under relaxation is set during
the first one hundred iterations. Then, it is gradually
deactivated, while spatial and time discretization
schemes are switched to second-order to get less
diffusive results. The iterative solving process
continues until the normalized residuals for continuity,
velocity components, and turbulent fields have
decreased by five orders of magnitude each one.
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3. CASE STUDIES

3.1 Isolated Building

A first case study is a complex isolated building in
which a non-standard floor-plan and surfaces with
very different length scales are simultaneously
present. Figure 3a shows the geometry obtained from
the IDF file, while the resulting mesh after the
automatic process is observed in Figure 3b. The grid
consists of just over 1 million polyhedral cells, where
95% of them are hexahedral. The maximum non-
orthogonality and skewness are 55 and 7, respectively,
which guarantees a proper mesh quality for numerical
simulations with the FVM.

The geometric model includes complex
architectural objects. Shading objects are employed to
represent the floating roofs (the columns are not
modelled), the lateral wall and several eaves. These
very thin elements are modelled with baffles, i.e. mesh
objects without thickness. The cell faces that represent
these thin walls are duplicated and treated as
boundary faces, which enables computing the flow
over their two sides.

Moreover, the model includes several windows
and doors, see Figure 3a. A separated mesh surface
(patch) is assigned to each of these openings, which
eases defining the refinement level, imposing different
boundary conditions (open or closed) and performing
post-processing tasks.

Figure 3:

Isolated case study. (a) Geometric model (courtesy of Marieli
Azoia Lukiantchuki, UEM Brazil); (b) Automatic mesh
generated.

(b)

3.2 Urban Centre

The urban case study considered is the Case D of
the Validation benchmark tests provided by the
Architectural Institute of Japan®. The model comprises
a high-rise building surrounded by city blocks. As the
objective of the benchmark is to predict flow velocities
in specific samples located between the highest
building and its neighboring buildings, they are
considered as target buildings for the meshing
procedure.

Figure 4 shows a general view of the mesh
obtained, where the inner and outer areas are
noticeable. The discretization consists of just more
than 1.5 million polyhedral cells. From these, 95% are
hexahedral, while the maximum skewness is 4.5 and
the average non-orthogonality is 7.8. Less than 10
faces present a non-orthogonality larger than 70.
These faces are found in the conjunction of the
prismatic layers on the ground and on the building
surfaces, near to its corners. In spite of these rare
faces, the grid generated shows the adequate features
suggested in Franke (2007) to obtain reliable CFD
results. For instance, the minimum grid resolution of
ten cells per cube root of the building volume and ten
cells per building separation to simulate flow fields is
fully satisfied.

Figure 4:
Automatic mesh generated of a non-isolated case study for
the All Case D. (a) General view; (b) Close up view to the main
building and a slice of the internal mesh
e

(b)

3.3 Sufficiency of the spatial discretization

A sensitivity analysis of the CFD results to the
computational grids generated by the automatic
meshing procedure is evaluated. The standard

1- https://www.aij.or.jp/jpn/publish/cfdguide/index_e.htm

configuration described above is tested against
successive refinements and coarsening. The reference
size of the background grid, DX, is modified manually
while both the volumetric and surface refinement
levels are kept constant. Therefore, the same
refinement ratio is applied to the grid spacing normal
to the walls, the spacing at flow boundaries, and at
junctures in the geometry.

CFD simulations were carried out and the mean
wind pressure coefficients (C_p) on selected surfaces of
the target buildings are computed. TheC_‘p differences
for a given surface between using a grid level k and a
very-fine mesh are quantified with the relative
difference, where the average of |C_'p| is chosen to
normalize the absolute difference. To summarize
these indexes into a single value, the normalized root-
mean-square error for the grid level kK (NRMSE¥) is
defined as:

NRMSE* = @ (3)
where RMSE¥ is calculated using the differences of
the predictions of C_'p between the k and the very-fine
grids considering all the surfaces, while o is the
standard deviation of the C_p predictions using the
very-fine grid. A value of zero in the indicator of
Equation (3) means a perfect agreement.

Figure 5:
Percentage differences obtained per surface for the Cubic
building. (a) North wind incidence. (b) North-West wind
incidence.
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Cubic building. The prediction of the C, on the
surfaces of a cubic building of 10 m per side is studied
for North (N) and North-West (NW) wind incidence
angles. The building is aligned such that each surface
can be labeled with the cardinal point to which points.
The wind profile imposed corresponds to suburban
terrain  conditions. The automatic procedure
determines a DX = 8 m. This standard value is
manually varied to get coarser or finer grids. Relative
differences are presented in Figures 5a and 5b.

When the standard refinement is used, the Z'p
percentage differences are lower than 4% regarding
using a very fine mesh. Computing the change ratio of
the solutions for the three finest grids, it can be shown
that the solution is in the asymptotic range of
convergence. Monotonic convergence for the
prediction of Z'p is not achieved only on specific cases,
as the roof on the cubic building with North-West
wind. More insight is needed to discern potential
drawback factors as the grid stretching and mesh
quality near the corners.

Table 2:
Summary of the mesh configurations evaluated and their
RMSEs for the cubic building.

DX Cells NRMSE (N)  NRMSE (NW)
14 31400 0.0444 0.0697
10 74228 0.0346 0.0422
8 138333 0.0272 0.0211

6.25 275597 0.0072 0.0079
5 530285 0.0 0.0

L-shape floor-plan building. This non-convex floor-
plan building has 26 m of width, 38 m of breadth, and
5 m of height. The concave surfaces, i.e. Surf-East1 and
Surf-South2 are 25 m and 13 m in length, respectively,
see Figure 6. Suburban terrain conditions are also
considered. North (N) and South (S) wind incidence
directions are studied. The automatic procedure
determines a DX = 4 m. This value is manually varied
to obtain successive grid coarsenings and refinements.

Figure 6:
L-shape Building case study. Coarsest mesh and surface
labeling.
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Table 3:
Summary of the mesh configurations evaluated and RMSEs
for the L-shape building case study.

DX Cells NRMSE (N)  NRMSE (S)
10 93443 0.0541 0.0672
7.8 181716 0.0494 0.0476
5.4 414457 0.0401 0.0226
4 1131404 0.0139 0.014
3.2 2156679 0.0097 0.0125
2.8 3020852 0.0 0.0

Discussion. Evaluating the behavior of the
normalized root-mean-square error on Tables 2 and 3,
grid convergence is detected: as the refinement is
increased, RMSEs are monotonically approaching to
zero for any case studied. In particular, this metric is
lower than 3% when the standard mesh configuration
is employed.

In conclusion, the spatial discretization generated
by the automatic procedure allows getting reliable C_p
results. The accuracy is restricted to the own
limitations of the RANS model employed, whose real
numerical solution could differ from the true physical
solution. The results obtained also confirm that the
reference size of the background mesh could be
employed in the platform as a tuning parameter to
improve the confidence level of the solutions at the
expense of a major computational effort.

4. CONCLUSIONS

A tool for the automatic meshing of a given
geometry of a target building and its environment was
introduced. The resulting computational wind tunnel
domain accomplishes the recommendations in the
international guidelines for the best practices for the
CFD simulation of flows in urban environments. The
automatic evaluation of local lengths of each surface
of the geometry is the key for guaranteeing a proper
level of grid refinement. The presented tool has shown
great robustness since in most cases, and despite the
complexity of the analyzed case, the automatic
procedure achieves meshes with a large percentage of
hexahedral cells, favoring the quality of the numerical
solution obtained. The results obtained also confirm
that the reference size of the background mesh could
be employed as a tuning parameter to improve the
confidence level of the solutions.
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