




Agenda: Day 2

10:00-10:50 Session 4 Energy and Climate Change 

András Reith, ABUD

Umberto Berardi, Toronto Metropolitan University; Polytechnic University of Bari

Gabriele Lobaccaro, Mattia Manni, Norwegian University of Science and Technology

Giovanni Betti, HENN

10:50-11:50 Session 5 Envelopes in Light of Climate Change 

Jesus Lizana, University of Oxford

Miren Juaristi, Eurac

Ioannis Kousis, University of Perugia

Alessandro Cannavale, Polytechnic University of Bari

Fabio Favoino, Valentina Serra, Stefano Fantucci, Polytechnic University of Torino

11:50-12:20 Coffee Break



Agenda: Day 2

12:20-13:00 Session 6 Nature Based Envelopes for Climate Change 

Roberta Cocci Grifoni, University of Camerino

Katia Perini, University of Genova

Maria Beatrice Andreucci, University La Sapienza Rome

13:00-13:20 Session 7 Linking Scale, Tool and Design

Emanuele Naboni, UniPR, Royal Danish Academy, UNSW, UC Berkeley, SOS Mario Cucinella

13:20-14:00 Conclusion and Discussion

Emanuela Giancola, Centre for Energy, Environmental and Technological Research, CIEMAT

Emanuele Naboni, UniPR, Royal Danish Academy, UNSW, UC Berkeley, SOS Mario Cucinella



Data driven statistical 

UBEM for the resilience 

to Climate Changes: 

Toronto2030 platform

Dr. Umberto Berardi

Canada Research Chair in Building Science
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BeTOP: Zero Building-Urban Energy Group
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Toronto 2030

http://www.2030districts.org/toronto

http://www.2030districts.org/toronto
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Challenges
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UBEM results have to be reported back to the user in spatial and/or temporal form 
or otherwise. 

The challenge of communicating massive amounts of energy data to stakeholders 
as actionable information falls under the exponentially growing field of big data 
visualization..

Privacy concerns oftentimes preclude utilities or public agencies to release data 
and in doing so to calibrate model

Building occupants should be treated as individual agents rather than identical 
robots. Stochastic user behavior models are needed.

Stronger intellectual engagement between planners, policymakers, utility 
representatives and the building modeling community is necessary. 
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Climate change impact on buildings and climate



Canada
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IPCC - RCP 8.5:

Temperatures in Canada under 

CanESM2 (Global Climate 

Model [GCM]) projections for 

2055, 2065, and 2075 compared 

to 2005 temperatures 
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CWEC2016 (1998-2014)

Climate Zone 7 and 8

Climate Zone 6

Climate Zone 5 and 4

Climate Zone 4

TORONTO
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Creating Future Weather Files – WRF 

Complex computer models are used to reconstruct atmosphere, ocean, and land interactions

Mathematical equations describing physical processes are solved on three-dimensional grid
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The interlinks between climate models and energy models are not straightforward. We need to develop a 
workflow to synthesize a pool of scenarios and link climate models with energy system models.
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Interconnected infrastructures in urban areas – Urban climate and extreme weather events
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Study 1

IMPACTS OF CLIMATE CHANGE ON BUILDING 
HEATING AND COOLING ENERGY DEMAND IN 
TORONTO

Investigate the effects of climate changes on the heating and cooling energy demand 
of buildings in the most populated urban region in Canada, i.e. the City of Toronto
using various climate models.



Future weather files for Toronto

 The future weather files forecast a mean temperature increase of 3.7–4.5 C for Toronto. This 

increase is 2.0 C greater than the IPCC forecast of global mean surface temperature
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Results: Building Energy Simulation

Heating and 
Cooling 
Energy Use 
Intensity 
(EUI)
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Study 2

INFLUENCE OF SETPOINT TEMPERATURE ON 
THE ENERGY DEMAND

Quantify the energy demand for various thermal comfort target of a office 

building in three climate zones across Canada: Vancouver (cool-humid), Toronto 

(cold-humid), and Quebec City (very cold).



Results: cooling and heating loads

There is an increasing trend 

in cooling load across all 

cities for the future. 

The projected increase in 

cooling load varies between 

cities, corresponding to the 

magnitude of temperature 

increases in summer. 
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Results: cooling and heating loads

Quebec City: Decreasing heating setpoint 

by 1°C reduced energy use by an average of 

3.8%, while increasing cooling setpoint by 

1°C resulted in an average saving of 2.4%.

Toronto: 1°C reduction in heating setpoint 

lowered energy use by an average of 2.0% 

and a rise of 1°C in cooling setpoint saved 

an average of 0.9%.

Vancouver: Decreasing heating and 

increasing cooling setpoints resulted in an 

average saving of 2.3% and 0.8% for every 

1°C.
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Study 3

URBAN HEAT ISLAND (UHI) and (MICRO-)CLIMATE



UHI
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Mesoscale (WRF) and microscale (Envi-met) modeling

Berardi (TorontoMU) - 27.04.23 - BuildUp - Climate/Envelope 21



Next steps
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1. Real-time evaluation for balancing energy networks

2. Synergies (and energy exchanges) between different subsystems

3. Integration of technical aspects with user behaviors

4. Integration of historical data but also of externality and uncertainties

5. Availability of large computer clusters for launching massive parallel
simulations

6. ..finally, ability to visualize, share and manage future energy
consumption



Dr. Umberto Berardi

Canada Research Chair in Building Science

Data driven statistical 

UBEM for the resilience 

to Climate Changes: 

Toronto2030 platform



Enhancing exploitation of 
solar energy at high latitudes 
through the digitalization of 
the built environment

HELIOS

Mattia Manni
Postdoc Fellow
mattia.manni@ntnu.no

Micro-Climate Change and Envelopes

April 29th



Digitalization for solar energy exploitation at high latitudes

Mattia Manni, PhD

Micro-Climate Change and Envelopes

April 29th | WEBINAIR

By 2050, the GHG emissions from the building 
sector are expected to be reduced by 66%

Optimal and full exploitation of building solar 
potential can positively impact on solar energy 

supply and building’s energy efficiency

Land use and habitat loss represent risks associated 
to the uncontrolled and unplanned exploitation

of solar energy

From Synthesis report of the IPCC Sixth Assessment Report (AR6), March 2023



Digitalization for solar energy exploitation at high latitudes

Mattia Manni, PhD

Micro-Climate Change and Envelopes

April 29th | WEBINAIR

The unit costs of solar technologies have fallen 
consistently since 2010
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Installed solar power capacity in Norway
▪ Installed capacity for solar power in Norway has increased 

tenfold during the last five years

▪ New opportunities for solar energy (i.e., building-integrated 
photovoltaic, agrivoltaic, floating solar systems)

▪ Needs for tools and platforms such as the Solar Cadaster to 
support designers and urban planner

From Synthesis report of the IPCC Sixth Assessment Report (AR6), March 2023

Near-commercial availability of low and zero 
emissions options in buildings, transport and industry 

In Norway:



Digitalization for solar energy exploitation at high latitudes

Mattia Manni, PhD

Micro-Climate Change and Envelopes

April 29th | WEBINAIR

Project owner: NTNU / IV / IBM 
Project manager: Ass. Prof. Gabriele Lobaccaro
NTNU Partners: IDI, IndEcol, MTP, IMA
National partners: SINTEF Community, Trondheim Kommune

International partners: 
HEPIA - Geneva School of Eng., Arch. and Landscape –Univ. of Applied Sciences and Arts Western Switzerland; 
USMB/INES - University Savoie Mont Blanc / National Institute of Solar Energy (France);
UCB Lyon 1/CETHIL - Claude Bernard University / Centre d'énergétique et de thermique de Lyon (France).



Digitalization for solar energy exploitation at high latitudes

Mattia Manni, PhD

Micro-Climate Change and Envelopes

April 29th | WEBINAIR

PILLAR ONE Solar data sources PILLAR TWO Semi-automated geometry detection

PILLAR THREE Solar irradiance model chain PILLAR FOUR Citizens engagement
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Object detection CNNFaçade parsing at street level 3D reconstruction



Digitalization for solar energy exploitation at high latitudes

Mattia Manni, PhD

Micro-Climate Change and Envelopes

April 29th | WEBINAIR

APPLICATION ONE Advanced photovoltaic simulations APPLICATION TWO Solar Neighborhood planning

APPLICATION THREE Key Performance Indicators APPLICATION FOUR Arctic decomposition model



▪ Solar energy potential can contribute 
to achieve GHG reduction target

▪ There are many opportunities for solar 
energy at high latitudes

▪ There will be a tool to support you in 
designing solar strategies

Digitalization for solar energy exploitation at high latitudes

Mattia Manni, PhD

Micro-Climate Change and Envelopes

April 29th | WEBINAIR

Take

home

message



Do not hesitate to contact me!
THANKS

e-mail: mattia.manni@ntnu.no

Micro-Climate Change and Envelopes

April 29th
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CBE Clima
on-line, open-source climate analysis
for AEC industry & education

Giovanni Betti

Webinar : : Micro-Climate Change and Envelopes. Understanding, Modelling 
and Design in light of a Changing Climate
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Giovanni Betti

Architect OAR 
M.Arch. (Hons), M.Sc

Head of Sustainability @ HENN
Guest Professor for Digital & Experimental Design @ UdK
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+
Foster+ Partners HENN UC Berkeley HENN + UdK
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CBE Clima

for the AEC Industry
on-line, open source climate analysis
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Climate 
Responsive 
Architecture
nothing new 
under 
the scorching sun

C B E  C l i m a

Yazd Province,  ،یزد، خیابان مسجد جامعIran



Giovanni Betti 

6C B E  C l i m a

Wae Rebo village, Satar Lenda, Manggarai
Regency, East Nusa Tenggara, Indonesia

Climate 
Responsive 
Architecture
nothing new 
under 
the pouring rain
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Climate 
Responsive 
Architecture
nothing new 
in the 
neighborhood
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Climate Analysis:
A modern invention

C B E  C l i m a

Le Corbusier,
Day-Night Sun Path Diagram
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Climate Analysis:
A modern invention

C B E  C l i m a

Le Corbusier,
Day-Night Sun Path Diagram
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Climate Analysis:
A modern invention

C B E  C l i m a

Illustrations of microclimatic factors from Helmut 
Landsberg, “Microclimatology,” in Architectural 

Forum,
March 1947.
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Andreas Fredrik Bugge,
“Warm and Cheap” test huts, 

Trondheim, Norway, 1930-1960

Climate Analysis:
A modern invention
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Thermal Analysis of the Boston Area, 
from the AIA’s Regional Climate Analyses and 

Design Data, 
March 1951 Bulletin.

Climate Analysis:
A modern invention
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Solar and Wind Analysis of the Boston Area, 
from the AIA’s Regional Climate Analyses and 

Design Data, 
March 1951 Bulletin.

Climate Analysis:
A modern invention
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Precipitation and Humidity Analysis of the Boston 
Area, 

from the AIA’s Regional Climate Analyses and 
Design Data, 

March 1951 Bulletin.

Climate Analysis:
A modern invention



Giovanni Betti 
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+ +

Climate analysis is a 
niche and 
time consuming task

C B E  C l i m a
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Goals for a climate analysis tool

Easy to access Easy to use
Easy to 

understand
Flexibile
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What is under the hood?

Language

*

Tartarini, F., Schiavon, S., 2020. pythermalcomfort: A Python package for thermal comfort research. 
SoftwareX 12, 100578. https://doi.org/10.1016/j.softx.2020.100578

*

Data 
processing

Psychrometrics
+

Solar geometry
Graphs App

*

https://www.sciencedirect.com/science/article/pii/S2352711020302910
https://www.sciencedirect.com/science/article/pii/S2352711020302910
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All code uder
MIT licence 👉

All graphics under 
CC 4.0 👉

C B E  C l i m a
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how it started how 
it's going

...how it started...
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...how it started...
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...how it’s going...
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Intuitive navigation 
through 
interactive map

Access to 
~30,000 weather files 
worldwide

High quality data 
from:
Energy Plus 
OneBuilding.org
Upload your own
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Climate Summary

Weather Location
Check

Summary statistics

(customizable) 
Heating/Cooling 
degree Days

Climate Profiles
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Temperature and 
Humidity

Annual profile
Monthly profile
Hourly profile

Interactive, data-
rich mouse-over 
interactions
Zoomable, 
interactive graphs
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Sun and Clouds

Selection of sun 
path projection

Spherical
Cartesian

Overlay data on 
sunpath

Global vs diffuse 
horizontal radiation 

Cloud cover
Plot custom 
variables
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Wind

Wind roses:
Yearly
Seasonal
Daily
Custom

Hourly profiles:
Wind speed
Wind direction
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...and more!

Customizable 
psycrometric charts
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C B E  C l i m a

...and more!

Customizable 
psycrometric charts

Natural Ventilation 
Potential
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...and more!

Customizable 
psycrometric charts

Natural Ventilation 
Potential

Outdoor “felt” 
temperature (UTCI)
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...and more!

Customizable 
psycrometric charts

Natural Ventilation 
Potential

Outdoor “felt” 
temperature (UTCI)
´
Custom 
multivariable plots
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Vector graphics

All graphs are 
downloadable in 
their current state 
as vector graphics 
(*.svg)
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Documentation

Over 50 pages of 
graphics and text 
explaining each 
graph and climate 
analysis

cbe-berkeley.gitbook.io/clima/
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Next steps

Gather User 
Feedback!

Various UI 
improvements

Hunting bugs

Future Weather 
Files



Giovanni Betti 
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Beta Version 
launched 20th 
August 2021

clima.cbe.berkeley.edu

https://clima.cbe.berkeley.edu/


Giovanni Betti 
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Want to contribute?

C B E  C l i m a

code:
GitHub

github.com/CenterForTh
eBuiltEnvironment/clima

documentation:
GitBook

cbe-
berkeley.gitbook.io/cli
ma

anything else:
Contact us

g.betti@udk-berlin.de

https://github.com/CenterForTheBuiltEnvironment/clima
https://github.com/CenterForTheBuiltEnvironment/clima
https://cbe-berkeley.gitbook.io/clima/
https://cbe-berkeley.gitbook.io/clima/
https://cbe-berkeley.gitbook.io/clima/
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Team ❤️🔥 👉

Funding 👇

C B E  C l i m a

Giovanni Betti
Center for the Built Environment, University of 

California Berkeley, USA

Federico Tartarini
Berkeley Education Alliance for Research 

in Singapore, Singapore

Christine Nguyen
College of Letters and Sciences, University of 

California Berkeley, USA

Stefano Schiavon
Center for the Built Environment, University 

of California Berkeley, USA
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Thank you

Giovanni Betti

Webinar - Micro-Climate Change and Envelopes. Understanding, Modelling 
and Design in light of a Changing Climate



Dr Jesus Lizana
Architect, Marie-Curie Research Fellow
Department of Engineering Science
University of Oxford

jesus.lizana@eng.ox.ac.uk

@lizanafj

The role of citizen data towards climate resilient cities
Future of Cooling Programme of the Oxford Martin School

University of Oxford

mailto:jesus.lizana@eng.ox.ac.uk
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Oxford Future of Cooling Programme
@OxfordCooling

The Oxford Martin Programme on The Future of Cooling

https://www.oxfordmartin.ox.ac.uk/future-of-cooling/
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

ACTION SCALES

WHAT CAN WE DO TO MITIGATE THE IMPACT OF HEAT?
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

Challenge

-1.09°C by 2011-2020

-Keeping temperature increase below 
1.5ºC is out of reach

-1.5ºC is expected by 2030

Increase in global surface temperature above pre-industrial levels

IPCC. (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press. https://doi.org/10.1017/9781009325844.001

2030
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

Challenge

Looking at from 1.5°C to 2°C global warming

Which cities and regions are under the highest climate risk?

Accurate climate information
At the macro, meso, local and micro scales

Mitigation policies

Resilience and 
adaptation policies

Viner, D. et al. (2020) ‘Understanding the dynamic nature of risk in climate change assessments—A new starting point for discussion’, Atmospheric Science Letters, 21(4), pp. 1–8.
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

Citizen science for accurate climate information

Citizen weather dataCitizen-driven distributed computing 

Global climate modelling
Scale: global (macro and meso)
Spatio-temporal resolution: 6h at 60km2

Platform: Climateprediction.net(CPDN)

Local climate information
Scale: city (local and micro)
Spatio-temporal resolution: 1h at 1km2

Platform: Netatmo, Wunderground

Fig. 1. Workflow of publically volunteered 
computers for climate modelling

Fig. 2. Workflow of citizen weather data for high-
resolution urban climate mapping

Schaller, N. et al. (2018) ‘Data descriptor: Ensemble of european regional climate simulations for the winter of 2013 and 2014 from HadAM3P-RM3P’, Scientific Data, 5, pp. 1–9. 
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

Citizen-driven distributed computing 

Largest spatiotemporal resolution of 1.5°C and 2.0°C climate change scenarios
Identification of regions more affected using Cooling Degree Days

Increase in Cooling Degree Days from 1.5°C to 2°C

-African countries have the 
highest increase in cooling 
requirements.

-In Europe, Mediterranean 
countries will suffer the highest 
increase in cooling needs. 
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

Citizen weather data

550,000 citizen weather stations are found globally

Higher citizen weather data density in Europe
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

Citizen weather data
Atmospheric urban heat island mapping

-Identification of urban areas with an 
additional temperature increase by 6°C
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Dr Jesus Lizana – jesus.lizana@eng.ox.ac.uk

The role of citizen data

Macro and meso scales

Local and micro scales

• Citizen science can play an important role 
in supporting the generation of accurate 
climate information:

• to evidence the regions with higher 
climate-related impact;

• and to prioritise the climate adaptation 
policies in the built environment;

• towards climate-resilient cities

Citizen-driven computing 

Citizen weather data
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Oxford Future of Cooling Programme
@OxfordCooling

Jesus Lizana
@lizanafj
jesus.lizana@eng.ox.ac.uk



Miren Juaristi
Postdoctoral Researcher

Energy Efficient Buildings group - Eurac Research

28.04.2023

Envelopes in Light of Climate Change
Adaptive Opaque Facades

Shifting from highly-insulated envelopes to thermal modulators



228.04.2023Adaptive Opaque Facades, Shifting from highly-insulated envelopes to thermal modulators

Excluding approach High insulation level Air-tightness

How do we build energy efficient building envelopes?



328.04.2023Adaptive Opaque Facades, Shifting from highly-insulated envelopes to thermal modulators

Internal heat gains
may not be constant

Climate change: average 
conditions are changing, and thus 
energy demand could evolve

The problem of building for average situations
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Selective approach There are already buildings with 
transparent Adaptive Facades

Adaptive opaque façades have 
not yet been successful in the 
market uptake

Selective approach or Adaptive Facade concept

h t t p : / / :  I E A  E B C  A n n e x 4 4

a d a p t e d b y F e r n á n d e z  S o l l a
I m a g e  c o u r t e s y  I .  

R u i z  d e  E r e n c h u n

I m a g e  c o u r t e s y  I .  

R u i z  d e  E r e n c h u n
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Parietodynamic walls Permeodynamic walls Dynamic Insulations Kinetic claddings

Adaptive Opaque Facades
They could also be 
useful in reducing 

the urban heat 
island effect.

S o u r c e : J u a r i s t i ,  M . ;  G ó m e z - A c e b o ,  T . ;  M o n g e - B a r r i o ,  A .  Q u a l i t a t i v e

a n a l y s i s o f p r o m i s i n g m a t e r i a l s a n d  t e c h n o l o g i e s f o r t h e d e s i g n a n d  

e v a l u a t i o n o f C l i m a t e A d a p t i v e  O p a q u e  F a ç a d e s .  B u i l d .  E n v i r o n .  2 0 1 8 ,  

1 4 4 ,  4 8 2 – 5 0 1 ,  d o i : 1 0 . 1 0 1 6 / j . b u i l d e n v . 2 0 1 8 . 0 8 . 0 2 8 .  

I m a g e  b y  a u t h o r .  P r o t o t y p e  a t  

L a r s o n  B u i l d i n g  S y s t e m  

L a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  

C o l o r a d o ,  B o u l d e r .  C o n c e p t  

p a t e n t e d  b y  K r a r t i  a n d  t e s t e d  i n  

a  l a b o r a t o r y  t o  c h a r a c t e r i s e i t s  

d y n a m i c  t h e r m a l  b e h a v i o u r

S o u r c e : J u a r i s t i  M ,  L o o n e n  R ,  

I s a i a  F ,  e t  a l .  ( 2 0 2 0 )  D y n a m i c  

c l i m a t e  a n a l y s i s  f o r  e a r l y  d e s i g n  

s t a g e s :

A  n e w  m e t h o d o l o g i c a l  a p p r o a c h  t o  

d e t e c t  p r e f e r a b l e  a d a p t i v e  o p a q u e  

f a c x a d e r e s p o n s e s . S u s t a i n a b l e

C i t i e s  a n d  S o c i e t y  6 0 :  1 0 2 2 3 2
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Build up, infographics made by EURAC

Adaptive Opaque Facades



728.04.2023Adaptive Opaque Facades, Shifting from highly-insulated envelopes to thermal modulators

Adaptive Opaque Facades need to be further tested



828.04.2023Adaptive Opaque Facades, Shifting from highly-insulated envelopes to thermal modulators

Miren Juaristi Gutierrez
miren.juaristigutierrez@eurac.edu

Thank you!

www.zeraf-technology.eu

mailto:miren.juaristigutierrez@eurac.edu
http://www.zeraf-technology.eu/




Kousis, I., & Pisello, A. L. (2023). Evaluating the performance of cool pavements for urban heat island mitigation under realistic 
conditions: A systematic review and meta-analysis. Urban Climate, 49, 101470.



Kousis, I., Manni, M., & Pisello, A. L. (2022). Environmental mobile monitoring of urban microclimates: A review. Renewable and 
Sustainable Energy Reviews, 169, 112847.



Kousis, I., Pigliautile, I., & Pisello, A. L. (2021). Intra-urban microclimate investigation in urban heat island through a novel mobile monitoring system. Scientific Reports



Garshasbi, S., & Santamouris, M. (2019). Using advanced thermochromic technologies in the built environment: Recent development 
and potential to decrease the energy consumption and fight urban overheating. Solar Energy Materials and Solar Cells, 191, 21-32.





Kousis, I., Martilli, A. and Pisello, A.L., 2023. Modelling radiative coolers for the built environment in the urban context. Under review
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The role of chromogenics in the energy transition

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition

New regulations require higher standards for indoor illuminance and 

effective shading strategies. 

Indoor Visual comfort and energy saving are interconnected, in the 

roadmap towards the energy transition.

Chromogenic technologies could play an important role in 

responding with innovative solutions to these multiple needs.

Wang et al.,2015



Low-cost electrochromic devices

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition



Low-cost electrochromic devices

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition

5
÷

8
 µ

m



Photoelectrochromic/Photovoltachromic Devices

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition

Smart shading but also PV conversion



Passive technologies: the role of photochromics. 

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition

Cannavale et al., Solar Energy
Volume 242, August 2022, Pages 424-434



Highly transparent PVs: is it really an oximoron?

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition

Cannavale et al., Applied Energy 194 (2017) 94–107



Thank you very much for your kind attention!

Micro-Climate Change and Envelopes

The role of chromogenics in the energy transition

alessandro.cannavale@poliba.it
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Elena Badino

PhD student

approx. 50 people strong ( 40% permanent staff )

Applied Acoustics

Building Energy 

Performance

Smart Building Cities 
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Building Envelope

HVAC and RES

Indoor and Outdoor 

Environmental Quality

Lighting and Daylight 

Cultural Heritage

Special Enclosures

Marco Perino

Full  Professor

Valentina Serra

Full Professor

Stefano Fantucci

Assistant Professor

Fabio Favoino

Associate Professor

Researchers and PhD students

Luigi Giovannini

Post Doc

Elisa Fenoglio

PhD student
Manuela Baracani

PhD student

Giovanni Gennaro

PhD student

POLITO - EURAC

Permanent Staff

...

Giorgia Autretto

PhD student
Lorenzo Rapone

PhD student

Milad Heiranipour

PhD Student

POLITO - EURAC 

Yangkong Zhou

PhD Student

POLITO – Un. NICE 



Main research areas

Applied Acoustics

Building Energy 

Performance

Smart Building Cities 

and communities

Building Envelope

HVAC and RES

Indoor and Outdoor 

Environmental Quality

Lighting and Daylight 

Cultural Heritage

Special Enclosures

1. Development, Characterisation and Intergration of innovative building envelope technologies:

a) Responsive and adaptive opaque facades (Double skin Façades, smart glazings)

b) Responsive and adaptive opaque facades (i.e. PCM, active insulation etc.)

c) Vegetated envelopes (green roof, living wall)

d) Superinsulation (VIP, Aerogel…)

e) Integration of building envelope with HVAC systems and RES

2. Measuring / Simulating impact of innovative building envelope technologies on IEQ and 

personalised comfort (thermal and daylight comfort in perimeter zone, personal comfort devices)

3. Advanced control of building envelope techonlogies integrated with HVAC components 

(embedded controllers and IoT, from rule to model based and model free controls, digital twins)

4. Low Carbon Building Envelopes for heat resilient buildings 

5. Special enclosures (envelope for museum showcases, transportation etc.)



Sense-LAB Advanced sensors and IoT Lab

H-IEQ Living-Lab  

TEBE Lab platform

Building Envelope Related Labs

Building Envelope related

HTC-LAB Material Hygro-Thermal Characterisation

3D prototyping LAB

TWINS BEBI BET cell TRIS

Currently being built



TWINS Test facility - 2023

BEBI test cell

TWINS (Testing Window INnovative Systems) test cells

Test cell A Test cell B

TWINS test cells

1 single module

1430 x 2850 x 59mm

3 small modules

1430 x 805 x 59mm

1430x ~830 x 59mm

1430 x ~830 x 59mm

(currently)

BEBI test cell

1 single module

~1400 x ~1500 mm

2 small modules

~60 x ~1500 mm

4 small modules

~60 x ~80 mm

(actually)

Data Acquisition, Monitoring and 
Control system of Building Envelope 
and indoor environment:

- NI dataloggers
- Datatakers
- Rspy
- Data storage on FTP
- Automatic Data integration & post-

processing 
- Data Visualisation
- Real Time Simulation and Control

New HVAC fully controllable 

remotely (T air indoor, ACH)

DAQ on HVAC system 

+ DigiTWINS
(real time visualization, control on HVAC 

and facades and what-if scenarios)



Research activity by means of virtual – physical testing

2005 2020
2010

2010 2020



Building Envelope as heat and mass transfer regulator of indoor environment

Conceptual scheme of dynamic, responsive, multifunctional and integrated facades 
(adapted from Van der Aa et al., 2011).

http://tu1403.eu/
http://www.ecbcs.org/Data/publications/

EBC_Annex_44_PSR.pdf

http://tu1403.eu/
http://www.ecbcs.org/Data/publications/EBC_Annex_44_PSR.pdf
http://www.ecbcs.org/Data/publications/EBC_Annex_44_PSR.pdf


Performance of IGU with integrated blinds

O
u

ts
id

e

In
s
id

e

Simple Double glazing
U-value = 2.526 W/m2-K, 

G-value = 0.770, VLT = 0.8



Performance of IGU with integrated blinds
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Simple Double glazing
U-value = 2.526 W/m2-K, 

G-value = 0.770, VLT = 0.8

Solar Radiation steps 

200 W/m2

Temperature 

difference steps 5⁰C



REINVENT - REsponsive, INtegrated , VENTilated - windows

Performance and control strategies for highly flexible Double Skin Facade



Solar Radiation steps 

200 W/m2

Temperature 

difference steps 5⁰C

Air Velocity steps 0.1 m/s

Performance and control strategies for highly flexible Double Skin Facade



Performance and control strategies for highly flexible Double Skin Facade



Performance and control strategies for highly flexible Double Skin Facade

H. James Harrington
Performance Improvement and Quality guru 

ISO 9000, ISO 14000, ISO 56000

Process and Quality Management and its Implementation

“Measurement is the first step that leads to control and eventually to improvement. 
If you can't measure something, you can't understand it. If you can't understand it, you can't 

control it. If you can't control it, you can't improve it.”

How do you control such flexibility to ensure performance?
How do you ensure correct and reliable building operations to ensure performance?



Tool chain for design and testing advanced control strategies for dynamic facades 

PhD of Giovanni Gennaro

More than 70 DSF configurations!



Tool chain for design and testing advanced control strategies for dynamic facades 

Modelling flexible DSF (naturally and 

mechanically ventilated) BES tools

Enhancing BES tools performance 

through co-simulation with improved ISO 

standard DSF model, validated with 

experimental data of 1.5 y exp. campaign)

Design and in field implementation of 

advanced control strategies for highly 

complex façade

Proof of concept / demonstration at 

experimental level

Evaluate impact at building level by virtual 

experiments 



Tool chain for design and testing advanced control strategies for dynamic facades 



Tool chain for design and testing advanced control strategies for dynamic facades 

Traditional BMS Novel BMS

High-level decision-making

Low-level controller

• Centralized architectures;

• Simple control strategies (e.g. RBC, 

schedule)

• De-centralized architecture;

• Dedicated low-level controllers;

• Advanced control strategies (e.g. MBC)



Tool chain for design and testing advanced control strategies for dynamic facades 

A. SENSING

Thermal and visual metric

DSF configuration

C. ACTUATION

DSF SINGLE BOARD CONTROLLER

B
. C

O
N

TR
O

L 
A

LG
O

R
IT

H
M

B.1. PARAMETRIC SIMULATION

B.2. PERFORMANCE INDICATORS

B.3. DECISION MAKING

/ Ill = f (Tvis)ISO 15099

Thermal model Daylight model



Tool chain for design and testing advanced control strategies for dynamic facades 



Tool chain for design and testing advanced control strategies for dynamic facades 

From Daylight 

Model

From Validated 

improved ISO 

15099 DSF model



Tool chain for design and testing advanced control strategies for dynamic facades 



Tool chain for design and testing advanced control strategies for dynamic facades 



Rule 

Based

Tool chain for design and testing advanced control strategies for dynamic facades 

Model 

Based



Tool chain for design and testing advanced control strategies for dynamic facades 



Tool chain for design and testing advanced control strategies for dynamic facades 
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Tool chain for design and testing advanced control strategies for dynamic facades 

Energy Use
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Flexible DSF + Rule based (industry standard)

3.12 €/m2 (of 5 m perimeter zone) saving

For 10.000 m2 of façade, there are 52’000 € saving (1.3 M€ for 25 years)

Flexible DSF +  Model based (no additional hardware costs)

7.58 €/m2 (of 5 m perimeter zone) saving

For 10.000 m2 of façade, there are 126’367 € saving (3.2 M€ for 25 years)

(10000 m2 bespoke unitized systems, 100k €)

Cost of performance mock ups 50-100k €

Cost of controllers 10 €/m2 of façade – 100k € total (now accounted in BMS)

Similar cost of maintenance for DSF

Not accounting for now long-term costs and maintenance of façade level 

controllers (now accounting in the BMS)

Cost of BEC (excluding performance mock-ups) depending on m2, overall size 

of building and complexity

Potential ROI of 3-4 years compared to Rule Based control



iclimabuilt (H2020) – OITB 

Functional and 

advanced insulating 

and energy 

harvesting/storage 

materials across 

climate adaptive 

building envelopes

Objective: Support the translation of 

research results into innovations and help

small high-tech firms to scale up and cope 

with the continuous rising of technological 

complexity by providing a Single-Entry-

Point for necessary infrastructures and tools 

to test, validate and upscale new technological 

solutions



Pilot Lines

• PCMs

• TEGs

• Multifunctional  Composite 
Sandwiches

• SAE materials

• Customizable 3d- printed 
components for well-being

• Advanced cement-based materials

• Insulation components from wastes

• Aerogels 

• Omniphobic coatings

Test Cases

• Smart ventilated heat 
harvesting window

• BIPV & BIST collectors

• TEG modules

• TRC/CLCi composite
panels

• Eco-sustainable 
insulating components (+ 
waste material)

• MCS solutions

• 3D printed customizable 
components

Demos

• Amposta, Spain 

• Manresa, Spain

• Torino, Italy

• Dresden, Germany

• Trondheim, Norway

Open Call

• Validation to 
technological 
solutions from 
outside 
consortium

• Call dedicated to 
SMEs and research 
center

• Supporting 
Upscaling from 
TRL4 to TRL6-7

• 70%-30% funding 
(on eligible costs)

• End of August 
opening

MTaaS Platform

Customer-oriented configuration capability to translate user needs to adaptive workflows

Upscaling support

• Multiscale simulation:
from nano-material to
building component to

whole Building performance

• Exp. Characterisation:
Material characterisation (137)

Building component
performance testing (120, 4 OTF)
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Thank you! 
Fabio Favoino

Associate Professor

fabio.favoino@polito.it

https://iclimabuilt.eu/#

https://iclimabuilt.eu/


Green envelopes as a 
microclimatic boundary 

condition



Agenda in 8 minutes 

 Nature as design material

 Green envelopes/boundary conditions

 Parametric optimization

 Microforestation as environmental acupuncture



Green Mind Theory

Artist: Paola Tassetti



Boundary Conditions

Resolution domain and boundary



Vertical Green System 
as homogenous layer 

(Boundary conditions) 

Šuklje, Tomaž & Hamdy, Mohamed & Arkar, Ciril & Hensen, Jan & Medved, Saso. (2018). An inverse modeling approach for 
the thermal response modeling of greenfaçades. Applied Energy. 235. 1447-1456. 10.1016/j.apenergy.2018.11.066. 
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Green Optimization

9
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Microforestation

Vertical Green 

Systems

Green 

agopuntucture
Orizontal Green 

Systems

12

Microforest
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Microclimatic Analysis



TENS Analysis

14
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Green Transparency 
Ascoli Piceno



Green Transparency
Ascoli Piceno





Eu Research&Innovation

Pnrr Research&Innovation

Regional Research&Innovation

Present and future work



Thank you



EC O l o g i c a l b u i l d i n g e nve LO P ES

Microclimatic Change and Envelopes – 28th April 2023

ECOLOPES: multi-species building envelopes

Katia Perini – Università degli Studi di Genova - DAD



ECOlogical building enveLOPES Katia Perini, UNIGE

Maria Canepa, Francesca Mosca, Shany Barath, Alexandre Changenet, Thomas E. Hauck, Ferdinand Ludwig, Marta Pianta, Enrica Roccotiello, Surayyn
Uthaya Selvan, Verena Vogler, Katia Perini, 2022. ECOLOPES BEYOND GREENING. A multi-species approach for urban design. Accepted in Agathon

Background



ECOlogical building enveLOPES Katia Perini, UNIGE

Range of ecosystem services provided by nature to humans
(WWF Living Planet Report, 2016)

Background



ECOlogical building enveLOPES

We propose a data-driven design recommendation system to assist architects and planners in the design of 

ecolopes, a multi-species living space for four types of inhabitants: humans, plants, animals, and microbiota 

Aim of ECOLOPES

Katia Perini, UNIGE



ECOlogical building enveLOPES

Aim of ECOLOPES

Maria Canepa, Francesca Mosca, Shany Barath, Alexandre Changenet, Thomas E. Hauck, Ferdinand Ludwig, Marta Pianta, Enrica Roccotiello, Surayyn
Uthaya Selvan, Verena Vogler, Katia Perini, 2022. ECOLOPES BEYOND GREENING. A multi-species approach for urban design. Accepted in Agathon

Katia Perini, UNIGE



ECOlogical building enveLOPES

Aim of ECOLOPES

Maria Canepa, Francesca Mosca, Shany Barath, Alexandre Changenet, Thomas E. Hauck, Ferdinand Ludwig, Marta Pianta, Enrica Roccotiello, Surayyn
Uthaya Selvan, Verena Vogler, Katia Perini, 2022. ECOLOPES BEYOND GREENING. A multi-species approach for urban design. Accepted in Agathon

Katia Perini, UNIGE



ECOlogical building enveLOPES

Consortium and expertise

PE: interactions between biotic and abiotic components;

LS: identification and modelling of the interactions; 

SH: requirements of a building envelope and perception of novel designs. 

Katia Perini, UNIGE



ECOlogical building enveLOPES

ECOLOPES dimensions

Katia Perini, UNIGE



ECOlogical building enveLOPES

ECOLOPES design workflow

Maria Canepa, Francesca Mosca, Shany Barath, Alexandre Changenet, Thomas E. Hauck, Ferdinand Ludwig, Marta Pianta, Enrica Roccotiello, Surayyn
Uthaya Selvan, Verena Vogler, Katia Perini, 2022. ECOLOPES BEYOND GREENING. A multi-species approach for urban design. Accepted in Agathon

Katia Perini, UNIGE



ECOlogical building enveLOPES

ECOLOPES computational framework

Weisser et al., 2023. Creating ecologically sound buildings by integrating ecology, architecture and computational 
design. People Nat. 5, 4–20. https://doi.org/10.1002/pan3.10411

Katia Perini, UNIGE



ECOlogical building enveLOPES
Katia Perini, UNIGE

ECOLOPES ecosystem model includes a number of models and elements

Weisser et al., 2023. Creating ecologically sound buildings by integrating ecology, architecture and computational design. People Nat. 5, 
4–20. https://doi.org/10.1002/pan3.10411

Integration of environmental and ecological models



ECOlogical building enveLOPES Katia Perini, UNIGE

Integration of environmental and ecological models

Francesca Mosca, 2022: Solar radiation model setup with Ladybug (GH, Rhino 3D) – outputs from the model are input for the Plant FG model (shading
effects of the building on plants). 

Environmental model outputs are 
Used as input for local ecological 
Models, in order to start combining  
Building form and orientation with 
Ecological performances:  



ECOlogical building enveLOPES

x n x n x n x n

Analysis of trade-offs and synergies among the inhabitants

Overall validation of ECOLOPE with a cost-benefit approach

Identification of indicators of success for real-world realizations of buildings 
designed using our algorithms

MUNICH GENOA VIENNA TEL AVIV

Work-in-progress: Evaluation of ECOLOPES design outcomes multifunctionality

Katia Perini, UNIGE



ECOlogical building enveLOPES

Thank you!

Katia Perini, UNIGE

ECOLOPES - ECOlogical building enveLOPES: a 
game-changing design approach for regenerative 
urban ecosystems

H2020 FET OPEN - 2021-2015



Closing the Water Cycle at 
the Building Scale: 
The Contribution of 
Multifunctional Envelopes

Maria Beatrice Andreucci
Department of Planning, Design, Technology of 

Architecture, Sapienza University of Rome

On-line Webinar
Micro-Climate Change and Envelopes

28.04.2023

Ramboll



Global Water and 
Climate Change

• Human pressure on 
freshwater resources 
is increasing, as is 
human exposure to 
weather-related 
extremes (droughts, 
storms, floods) 
caused by climate 
change.

Andreucci_MB_2023

IPCC 2021



Water issues at urban
and building scale

• The restoration and 
maintenance of the water 
cycle, as well as the 
treatment, recovery and 
reuse, are among the 
greatest challenges of the 
urban built environment.

The Claude "Bud" Lewis Carlsbad Desalination Plant on the California 
coast provides 190 million liters of fresh water a day to San 

Diego. POSEIDON WATERAndreucci_MB_2023



Circular
Buildings
• The building value chain 

has been experiencing in 
the last few years 
increased emphasis on 
the transition to a circular 
economy.

Ramboll 

Andreucci_MB_2023



NbS to address 
urban circularity 
challenges

• With the introduction of 
the circular economy 
and circular city 
concepts and the 
definition of urban 
circularity challenges, 
NBSs are emerging as 
effective strategies to 
foster sustainable urban 
development and 
resource reuse 
strategies. 

Langergraber, G.; Castellar,
J.A.C.; Pucher, B.; Baganz, G.F.M.;
Milosevic, D.; Andreucci, M.-B. et al., 2021 Andreucci_MB_2023



Nature-Based 
Solutions for 
Greywater 
Treatment at the 
Building Scale

Andreucci_MB_2023Ramboll



Vesterbro district, Copenaghen, Denmark. Ph Daves Rossell

Typical Wilhelmine Ring residential building, Berlin, 
Germany. CC BY-SA 3.0

Pombaline buildings, Lisbon,  Portugal. Ph Kyle Magnuson

Esquilino district, Rome, Italy. Ph Antonio Bevilacqua

The Contribution of Green Multifunctional 
Envelopes: Simulation Case study

Kadıköy district, Istambul, Turkey. Ph Andra Moclinda-Bucuţa

Florentin district, Tel Aviv, Israel CC BY-SA 3.0. 

Andreucci_MB_2023Pearlmutter, D. et al. Closing Water Cycles in the Built Environment through Nature-Based Solutions: The Contribution of Vertical Greening Systems and Green Roofs. Water 2021, 13, 2165. 



The Contribution of Green Multifunctional 
Envelopes: Simulation Case study

photography by Garry Belinsky

Selection of  buildings representing typical architecture in neighbourhoods that are 
severely affected by UHIs in individual cities. The drawings are isometric. Illustration: 
Alessandro Stracqualursi.

Pearlmutter, D. et al. Closing Water Cycles in the Built Environment through Nature-Based Solutions: The Contribution of Vertical Greening Systems and Green Roofs. Water 2021, 13, 2165. 



The Contribution of Green Multifunctional 
Envelopes: Simulation Case study

Long-time average standard evapotranspiration for vertical greening systems for 
the different cities together with precipitation (Meteonorm, 2021; years 2005-
2019.

Monthly values of eRO and eGW, with e being the efficiency number describing how much of the accruing respective water can be evapotranspirated by 
VGS, calculated here as the ratio of monthly sums of ET0vert and the respective water resource (left: available rainwater runoff from the roof RO;  right,  
greywater accruing in the building GW) for the different  cities (applying long-term average  for meteorological parameters 2005-2019; Meteonorm 8, 
Meteotest Bern, Switzerland.

Water management potential for 3 different irrigation regimes: a) solely RO; b) RO prioritised but dry months outbalanced with GW; c) Ro irrigation 
prioritised but all months added with GW.

Pearlmutter, D. et al. Closing Water Cycles in the Built Environment through Nature-Based Solutions: The Contribution of Vertical Greening Systems and Green Roofs. Water 2021, 13, 2165. 



Closing the Water 
Cycle at the Building 
Scale: Challenges & 
Opportunities

• Structural Issues
• Ecosystem (Dis)Services
• Future-Proof NBS
• Policy Framework

EPA/Sunling China Out



Acknowledgments
This research work was carried out within the 
COST Action CA17133 Circular City 
“Implementing nature-based solutions for 
creating a resourceful circular city”, 
https://circular-city.eu, duration 22 October 
2018–21 April 2023. 

COST Actions are funded within EU Horizon 
Programmes. 
The authors are grateful for the support.



Envelope , Microclimate, Energy 

Emanuele Naboni, PhD, Associate Professor

- UNIPR, Architecture
- Institute of Architectural Technology, The Royal Danish Academy
- UNSW
- UC Berkeley
- SOS School of Sustainability of MCA, Milan 



Environmental Sustainability Module - SOS School of Sustainability - with Mario Cucinella
Since 2021 

Associate Professor of Sustainable Design. Institute of Architectural Technology 
The Royal Danish Academy. Since 2010 (half time  since 2022)

Associate Professor of Climate Change and Regenerative Architecture. UNIPR
Since 2021 

Adjunct Professor, University of New South Wales
March 2023 to October

Visiting Professor, Architectural and science researcher at CBE UC Berkeley, College Of Environmental Design
Since 2023

Present Positions 



Visiting Professor, Norwegian University of Science and Technology, Department of Civil and Environmental Engineering. Faculty of Engineering
2022

Invited Professor at ETH. Future Cities Lab Singapore
2019

Researcher at EPFL
2016,  2017
 
Invited Professor at Architectural Association
2013 

Visiting Professor at The University of Nottingham
2015

Adjunkt at UC Berkeley, CED, College Of Environmental Design
2012
 
Post Doc Rsearcher at LBNL
2006 - 10 + 2011

Sustainable Design Tools Development Consultant for Autodesk
2010 – 2012

Sustainable Design Specialist at SOM (Skidmore Owings and Merrill, Llp)
2006 – 2010

Sustainable Design Specialist William McDonough and Loisos + Ubbelohde
2005
 
Phd Building Science, Politecnico di Milano + University of California 
Awarded 2005

Past Position 

https://www.ntnu.edu/ibm
https://www.ntnu.edu/iv


2023 active projects 



MESOSCALE - MICROCLIMATIC MODELLING FOR PLANNERS
Bologna Province with Mario Cucinella Architects
(Naboni, Turrini, Gherri)
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UTCI 

What in 2050?
With Mario Cucinella Architects
modelling buildings and spaces 
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What in 2050?
With Mario Cucinella Architects
modelling water and vegetation 

UTCI 





Parametric Modelling to join - domains
Climate Change and Eco-data. With Environmental Agencies  



Water
Parametric Modelling 



Ecosystem Health - Pollination
Parametric Modelling 



Air Pollution 
Parametric Modelling 



Human Health
Parametric Modelling 



URBAN BLOCK
Craft the block for different cities

Malaga, Tallinn, Tel Aviv 



City of Tel Aviv
with Johnatan Nathanian and Francesco De Luca







4) THE HISTORICAL CITY
Understanding of Human Health and Energy flows
(With Gherri, Daniela Maiullari)



Venice Microclimatic Studies 2020 + 2050  (with TU Delft)
Hotter Summer Day at 13:00 (PET Studies)

2050



Climate Resilience
average outdoor temperatures in 2050 (avg. 6°C)
the higher the urban fabric compactness, the lower the frequency of high indoor temperatures 



Aftamagosta (Atacama Desert Chile)
with Aimee Desert and David Garcia AEE









Use climate change as a resource



Adaptation of Functions by CFD studies 







BUILDING FORM
AIRFLOW + THERMODYNAMIC SHAPING  



Playing with new climatic extremes
Consultancy for BIG – FarOer Educational Center









FACADE DESIGN
AIRFLOW + THERMODYNAMIC SHAPING  



RELATE TO SUN
Nasa Sustainability Base / William McDonough / Ubbelhode 









(credits : Susan Ubbelhode





Beyond uniform Thermal Comfort
with Rich Kramer, University of Maastricht



Climatic variations
Lavazza, with Cino Zucchi









Ever Changing Thermal and Ligth  Conditions 





Biophilic Design 
Oakland Cathedral with SOM





Use climate change as a resource



What is best to acclimatize courtyards to Climate Change?

Cross Ventilation                                                     Vegetation + Water optimiziation                                                Shading (Unobstructed) 
Ventilation)



Optimization with UTCI of both shading systems and Green - Blue  



UTCI 24 hours - summer



UTCI at 15 summer UTCI 2022                                    UTCI 2050                                        DELTA



Optimization with UTCI 



2010                                                                        2018                                      2020                              2022

facade works and research 
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euro   

Design Direction
Fundings and Projections



Increase biodiversity
Urban Agriculture 

Restorative Green, Blue Spaces 
Water Flow 

Increase Outdoor Thermal Comfort
Increase Air Quality 

Achieve biophilia 

Create Microclimate for Operations
Energy Positive Solutions
Maximize Existing Spaces Activation

 

Leveraging Climate Change for achieving Co-benefits
Core Values of my Urban Design and Facade Design Research



Scheme of Collaborations

  

District Energy Specialist

Digital Twin Specialist

Smart City Specialist

Indoor Comfort

Indoor Air Quality 

Psycophisiologist 

Indoor HVAC Specialist 

Climatologist 

Ecosystem Engineering / 
Environmental Agencies 

Agriculture

Mobility 

Sensoring Expert

Entomologist 

Medical Doctor 
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download the open access book:
go to ResearchGate
go to Emanuele Naboni

Let’s be in touch!

instagram:
emanuele_naboni_climate

or email: 
emanuele.naboni@gmail.com



A comprehensive strategy for modelling urban material for thermally 
liviable cities. URBAN therCOM Project

Emanuela Giancola

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

Grants PID2020-114873RA-C33 
funded by

CIEMAT

Center for Energy, Environmental and Technological Research



Logo mateMad

REUNIÓN 1 - 24/09/2021 

CIEMAT

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

Center for Energy, 
Environmental and 
Technological Research

Ministry of Science and Innovation 
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CIEMAT

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

Energy Efficiency  Activities

Characterization 
of  climatology 

and 
environment

Reduction of 
the energy 
demand. 

Passive Systems

Efficient and 
integral energy 
management

Integration of
renewable

energy

Envelope
characterization

Modeling, dynamic 
simulation, 

experimental 
evaluation and 

monitoring

Distributed 
generation based 
on renewable 
energies
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Logo mateMad

REUNIÓN 1 - 24/09/2021 

mateMAD Concept

Spanish research coordinated project based on the 
hypothesis that optimized materials, like chromogenic smart 
materials for urban surfaces can provide efficient solutions to 
the Urban heat Island (UHI) effect.

Multidisciplinary approach for the systematic analysis of 
representative case studies of vulnerable areas of the city 
of Madrid. The goal is to generate:

• knowledge about the impact of urban materials on the 
habitability and sustainability of cities

• a reliable proposal to improve the quality of the outdoor 
environment, the energy demand and the well-being of the 
inhabitants through the substitution of outdoor surface materials

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023
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REUNIÓN 1 - 24/09/2021 Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

Activities performed under three subprojects:

- Subproject 1 (SP1). Characterization of 

urban materials.

- Subproject 2 (SP2). Monitoring of 

environmental parameters.

- Subproject 3 (SP3), named 

URBAN therCOM. Modelling outdoor

thermal comfort and energy demand in urban areas. 

IETcc-CSIC

ETSAM-UPM

CIEMAT

URBAN therCOM

mateMAD Concept
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MEASURE, CALIBRATION 
AND SIMULATION 
STRATEGY 

The first step assess the  of vulnerability within the city, on those aspects related to 
Climate Change, discomfort 

The second details thermo-optical (TO) characterization of a wide range of surface 
urban materials: in-situ, laboratory

The third step monitors at four levels: neighbourhood, case study areas, outdoor 
tests, and citizens

The fourth provides a modelling strategy to evaluate mutual relations amongst 
relevant urban factors building energy performance and outdoor thermal comfort

The final step prepares a complete and justified proposal for the substitution of 
surface materials in the case studies based on the results obtained from previous 
steps. And assess the environmental impact of the materials along their life cycle 

LCA

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023
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SELECTION OF 
NEIGHBORHOODS

27 vulnerable neighborhoods 
affected simultaneously by 

problems of energy poverty and 
high intensity of the urban heat 

island

Severity of urban 
vulnerability

Energy poverty 
index

UHI intensity 
day+night

From: IETcc-CSIC. Paper presented to PLEA2022

HUZ (Homogeneous Urban 
Zones) METHODOLOGY 

• Objective: facilitate the 
energy analysis of residential 
buildings. 

From: Helena López Moreno (UiE3, CIEMAT)
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MODELLING OF 
SELECTED URBAN AREAS

An ad-hoc developed BPS tool which enables 
to appropriately simulate the simulation of indoor 
and outdoor thermal field through an integrated 
approach, Grasshopper (GH) based digital workflow 
by means of add-ons Droagonfly, HoneyBee and 
LadyBug.

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023
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MODELLING OF 
SELECTED URBAN AREAS

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

The timestep-by-timestep simulation 
approach allows the variation of the thermo-
optical properties of the TC material within the 
simulation runtime itself, which in turn implies 
precisely considering the thermal inertia of 
the building and its effects on the energy 
demands for heating and cooling



Logo mateMad
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Conclusions &

Future Work

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

The preliminary results are used to test the simulation strategy of TC materials and are 
presented in the perspective of extending the developed BPS to be applied to the 
evaluation of this problem generally and to be more seamlessly integrated into the design 
process. 

Future work and further investigation is needed to test and validate the strategy and the 
general digital workflow with real cases studies of Madrid through the information that 
will be acquired throughout the duration of the mateMad project.



A comprehensive strategy for modelling urban material for thermally 
liviable cities. URBAN therCOM Project

Emanuela Giancola

emanuela.giancola@ciemat.es

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

Grants PID2020-114873RA-C33 
funded by

THANK YOU
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