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Preface

Lucerne University of Applied Science and Arts, the European Façade Network and the European 
research network COST Action TU1403 “Adaptive Facades Network” have joined forces in the 
organisation of the FAÇADE 2018 – Adaptive! Conference. This international scientific conference 
- held on November 26-27, 2018 at the culture and convention centre Lucerne (KKL), Switzerland 
– focuses on adaptive, multifunctional and dynamic building envelopes. It gathers excellent 
architects, engineers, researchers and representatives from the façade industry to discuss recent 
façade projects, the advances in the design, new adaptive technologies and future developments in 
research.  
Within the FAÇADE conference series, this is the fifth edition – following the editions in 2010, 2012, 
2014 and 2016 - held in Lucerne and organized by Lucerne University of Applied Science and Arts. 
Within the COST Action TU1403, it follows the mid-term conference held at the TU Munich in 2017. 
This book provides the proceedings of the FAÇADE 2018 – Adaptive! Conference and, as such, 
it forms one of the final publications of the COST Action TU1403 with the booklets ‘3.1. Cases 
Studies’, ‘3.2 Performance Simulation and Characterisation of Adaptive Facades’, ‘3.3. Research 
and Education’, and the Special Edition Adaptive! of the Journal of Façade Design and Engineering 
(JFDE), which is dedicated to the conference FAÇADE 2018.  
Nearly 60 peer-reviewed papers, published by more than 150 authors from 30 different countries, 
provide a profound state-of-the-art on adaptive facades. Thirteen high quality papers have been 
selected by the scientific committee to be published in the special edition of the JFDE journal. 
The papers are divided over five subthemes, which address products and materials for adaptive 
facades, strategies for design, performance assessment, experimental tests and post occupancy 
evaluation of adaptive facades. Moreover, five keynote presentations provide inspiring projects and 
ideas for further reflection. 
Organising this conference and editing the conference proceedings has once again been an 
enjoyable experience. We would like to acknowledge all authors for their contributions, the scientific 
committee members for their valuable comments, our esteemed keynote speakers for their 
inspiring presentations, and of course, all conference participants for their interest in this event. In 
addition, we are grateful to our Sponsors Stahlbau Pichler, MHZ and HALIO, as well as the non-
profit organisations Suisse Innovation Agency (Innosuisse) and the Swiss association for windows 
and facades (SZFF) for supporting the organisation of this conference. We also would like to thank 
the editors in chief of the JFDE journal, Ulrich Knaack, Tillmann Klein, Thaleia Konstantinou and 
Alejandro Prieto for their great support and the special edition dedicated to the FAÇADE 2018 – 
Adaptive! conference. 
Finally, we would like to acknowledge COST for supporting both the conference and publication 
of these conference proceedings, and all COST Action TU1403 members for their contributions 
to make this happen. Particularly we would like to thank science officer, Mickael Pero, and 
administrative officer, Carmencita Malimban, for their great and valuable support during the course 
of COST Action TU1403.  
We wish you an enjoyable conference and we hope you will find inspiring publications in these proceedings.

Andreas Luible, Susanne Gosztonyi & Stephanie Ly-Ky 
Conference Organisers

Andreas Luible, Mauro Overend, Laura Aelenei, Aleksandra Krstic-Furundzic, Marco Perino, 
Francesco Goia, Frank Wellershoff, Shady Attia, Ulrich Knaack, Uta Pottgiesser, Christian Louter 
Chairs and Working Group chairs of COST Action TU1403
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e al a on n he es  ell 

Rosa Romano, Paola Gallo, Alessandra Donato

e ar en  o  r h e re  n ers  o  Floren e  al  rosa ro ano n

Sustainable energy efficient building policies have shown a significant growth in recent years, deeply 
changing the way to design buildings. Directive 2010/31/EU prescribes more stringent commitments 
to increase energy efficiency in the construction sector to achieve EU standards nearly Zero Energy 
Building (nZEB). New technologies and design solutions need to be developed to meet highest 
performance levels for components and building envelope systems requirements. However, for 
advanced hybrid façades there are no established evaluation strategies and characterization methods 
to assess their energy performances. Evaluation of dynamic behaviour of adaptive façades using 
full-scale outdoor test facilities can significantly help to overcome these issues contributing to their 
performance assessment. This paper presents the evaluation of an adaptive multilayer façade by 
mean of LABIMED, a PASSLINK outdoor test cell at Florence University able to assess energy 
performances of full scale façade systems through a well-controlled realistic room sized environment 
equipped with advanced measuring instruments, providing a high quality of output data coming out 
from the dynamic monitoring test. Furthermore, a detailed description of the Test Cell LABIMED will 
be shown. Finally, the experimental test performed on a multilayer hybrid façade will be described, 
discussing the monitoring strategies adopted to evaluate the case study energy behavior.

Keywords: Adaptive envelope, Outdoor Test, Test Cell, Monitoring activities, Energy Performance.

1 Introduction

he l n  se or has a s n an  a  on ener  sa n  ro ean s ra e es o n  o ar s 
nearl  ero ner  l n s n  as e ne   he ner  er or an e o  l n s re e 

  also ro o n  s ar  e hnolo es n e ra on n l n s an  ro  
nno a on n he ons r on se ore  n h s ra e ork  he resear h n he el  o  a a e 
building components, advanced materials and nanotechnologies, shows a great potential, and 
la el  le  o s n an  res l s  o le el  han n  he a  o on e e an  o es n he l n  
en elo e er no  e ker  elene   o e er  or hese a an e  a a e s s e s 
there are no yet established evaluation strategies and characterization methods to assess their 
energy performances. In many case, in fact, results from traditional laboratory tests are very 

fferen  ro  he real o era n  on ons a l e  n a ll s ale l n  e a se he  on  
ake n o a o n  he effe s e o he han n  o oor on ons    here ore  

evaluation of dynamic behavior of adaptive façades using full scale outdoor test facilities, can 
s n an l  hel  o o er o e hese ss es  on r n  o he r er or an e assess en  loe  
2007). 
This paper shows ongoing research activities carry on an adaptive multilayer façade system 
SELFIE, developed by Abita Interuniversity Research Centre of Florence University, involving 
several partners such us research institutes on materials technology and construction industries. 

he rs  a  o  he resear h F  ar  an  en  a ers or nno a e n elo e  has een 
he ro e en  o  ore e en  ar h e ral sol ons  e elo e  o e n e ra e  o h n ne  
ons r on an  e s n  l n s  o a h e e h h ener  e en  er or an es an  o sa s  
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quality (Gallo and Romano 2017). 
n e a l  he rs  ar  o  he a er resen s he es n an  e hnolo  ea res o  a ll s ale es  
a l  or he e erranean area  he es  ell  an o oor la ora or  l  o s  
nno a e a a e s s e s n er real l a  on ons l a o an  ona o  aker an  an 
Dijk 2008). The second part is focused on the experimental activities provided for the outdoor test in 
order to analyse at the full scale the energy performances of an adaptive façade system developed 
in the frame of SELFIE research.

2 The Test Cell LABIMED 

2.1. The project of a test cell for Mediterranean climate

he es  ell  as real e  n he ra e o  he resear h ro e  are e erraneo  
funded by the Tuscany Region and developed by the Architecture Department of the Florence 
University jointly with 12 Italian companies of building sector in 2010. The main aim of this project 

as o rea e a s s e  n h h e hnolo al nno a on an  ar h e ral al  o l  n n  real 
a l a on n he ons r on el  n reas n  ener  sa n  an  ro o n  a lose olla ora on 
between manufacturing companies, builders and research centres (Gallo 2014).

es  ell  an e ons ere  a s n an  res l  o  h s resear h   as real e  n or er 
to investigate the overall energetic and thermo-physical performances of opaque and transparent 
façade systems, testing full scale products by means of dynamic measurements in real climatic 
conditions.

he a an a es offere   s n  es  ells  o are  o o her e ho s  e en  on he oss l  
to test full scale envelope systems by means of well-controlled realistic room sized environment 
equipped with advanced measuring instrumentations, providing a high quality of output data coming 
o  ro  he na  on or n  es  loe   oreo er  hese rel a le a a se s an e 
largely used for data analysis and to validate the most common building energy simulation tools.

he ro e  o  es  ell  one ar se o he o o es o  he resear h a es arr e  
o  r n   an   ro e s aker an  an k    he  
were focused on development of agreed quality procedures for full scale test and dynamic data 
analysis, investigating the energy quality and thermo-physical properties of passive solar building 
components as: thermal transmittance, solar factor, and behaviour associated to its thermal inertia. 

hre ore  he es  ell  has een es ne  l ke se he o her   es  ells  
but improvements were achieved to overcome some critical aspects such as: indoor overheating, 
her al r es effe s  ro le s e o n l ra ons an  hea  on e ar s  For hese reasons  
it was built with a wooden structure in platform frame, where it is possible to integrate an insulated 
removable wood façade for placing the test sample (Fig.1). 

All the envelope components were realized with the same material and had the same thickness 
(0.30 cm) and same U-value (0.32 W/m2 K). They were provided of wooden external solar shading 
e e o a o  o erhea n  h h o l  affe  he a ra  o  res l s r n  he es  

he es  ell as os one  on a ro a n  s s e  o e al a e fferen es n l n  o onen  
er or an es orres on n  o fferen  or en a ons  F

   a)     b) 
Fig. 1. a) The platform frame structure of Test Cell; b) The insulated removable wood façade for placing the test sample.  

F r her ore  he  as e e  onl  h a hea n  s s e  an  an a al an  h h ha e 
the function to heat the air volume of the Test Room and to ensure the indoor air convection in 
or er o re e n er or e era re s ra a ons  r n  he es  n oor a en  on ons o  es  
room can be considered homogeneous. The electrical heater warms the air volume inside the test 
roo  an  he a r e era re sensors eas re a a o o are a r e era re ro les a  fferen  
he h s  n or er o es a l sh an o erall ener  alan e  he hea er an e s he  on an  off ro  
the data acquisition system and a power transducer measures the power consumption. During 
he es  he her al o er enera e  ns e he es  roo   he hea er an  he hea   ra e 
hro h he en elo e o  he es  roo  are ns an aneo sl  eas re  he hea  o  hro h he es  

component may be derived indirectly applying the overall heat balance equation.

   a)     b) 
F  a  he ro a le la or  o assess na  eha or o  es  sa le orres on n  o fferen  or en a ons   n e ernal 

e  o  he es  ell  

2.2. Monitoring apparatus and Data Acquisition System

 ro o ol al ona o  es a l she  h hl  s an ar e  se  o  h s al es  
parameters and experimental procedures. Therefore, the minimum set of sensors have been 
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re re    e ho  ea h sensor s en e  n o all   ean o  an al han er  
o e h h re ers o  s e a ons a o  o h s lo a on an  e o  ara e er 

measured by sensor (Tab.1).

he so h all es  sa le re res an a onal se  o  sensors s h as  her o o les  hea   
sensors, humidity sensors, air speed sensors, etc.) depending on the test purposes. 

Table 1: basic monitoring equipment installed inside the Test Cell

The measurement of radiant temperature allows monitoring the comfort indoor, providing some 
additional information such as data on radiative heat exchanges that take place through the surface 
of the globe and the inner surface of the test room. Furtheremore, during the analysis of the data 
set, it is possible to suppose a single value of internal surface temperature obtained from the 
average value of all measured values.

A workstation unit is located inside the service room, it allows to manage monitoring equipment 
during the test and includes control and measuring devices such as:

• Data Logger which scans and records signals of all internal and external sensors connected. This is 
also a le o on rol he s h n  o e on an  off  o  he hea n  s s e  ns e he es  roo

• os  o er o s ore all s nals n o a a l  le or he os  ro ess n  an  anal s s o  a a  

Fig.3. Scheme of Pt100 thermoresistances (1ATIn), globe thermometer (1RHI01) and miniaturized transmitter (1RTI01) located 

inside the test room

  a)      b) 
Fig.4. Pictures of: a) The globe thermometer to measure indoor radiant temperature; b) The PT100 thermoresistance to mea-
sure indoor air temperature 

 a a s on s s e   has een on re  s n  a e  so are o a re a a 
from more than 80 sensors each minute and to manage all the system. An user interface permits to 
o ser e ra h al ro les o  all he on ore  s nals n real e o er  a ra e n on n  o  
all sensors an  o en  e en all  a ls r n  he es  oreo er   s s e  allo s he k n  
the switching of the heater inside the Test Room and to apply the heating test sequence including 
hose e ne   he  ro e res

3 The Heat Flux Tiles System

o are  o o her  es  ells  he a n ro e en  o   on erns he 
presence inside the test room of Heat Flux Tile (HFT) sensors (Linden, Dijk, Lock and Graaf 1995) 
developed from the Industrial Engineering Department of the University of Florence (DIEF) using 
Peltier cell as sensitive element (with a surface of 1600.00 mm and a thickness of 4.00 mm). 
In this innovative technological solution the Perltier cell was applied in the centre of HFT into a 
ll n  s r re o ose  o  o al n  la ers o    h kness  h h ha e he sa e 

o erall her al on  as he el er ell  W  F r her ore  a or n  o  
e ho olo  a la er o  ol re hane oa  as a l e  h he r ose o ll an  a r a  eh n  
F  ha  o l  a se errors n he eas re en  o  hea  o  n a o o a on o allo a e 
a  a les an  onne ors nee e  o re he les n ser es an  o o n ro s o  s nals or he 

measurements acquisition was obtained in the cavity. Therefore, the main feature of this type of 
sensor was that its sensitive component region and its surrounding area were characterised by the 
sa e her al res s an e  n h s on ra on   s reasona le o ass e he n re onal hea  
o  an  ho o eneo s s r a e s r on o  hea  o  hro h he le an  he eas re an e 
ons ere  rel a le aro n  he effe e s r a e o  he r ar  sensor  o he e e

The 230 prefabricated HFT sensors covered all the inner surfaces of the test room except the 
test wall (Fig. 5). In this way, during a test, the thermal power generated inside the test room 

 he hea er an  he hea   ra e hro h he en elo e o  he es  roo  an e eas re  
ns an aneo sl  he hea  o  hro h he es  o onen  a  e er e  n re l  a l n  he 
hea  alan e e a on  al  an  a ra  o  eas re en s a a se s e en s re l  on he 

re s on h h h hea  o  ra e s eas re  hro h he en elo e o  he es  roo  rkoreka  
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possible thanks to the small thermal inertia of the tiles. 

The calibration values of the mentioned HFT sensors were obtained through laboratory tests 
(Donato 2016) performed by University of Florence, using a standard calibration device that 
ons s s o  a ho  la e a ara s h a ar  r n  oreo er  he sens  o  h s ne  hea  

sensor was optimised for the use in the test cell leading to an output signals in the range of mVolts, 
with high reproducibility of the measurements. (Fig. 6)

        a)           b) 
F  er e  o  a  he ea  Fl  les s s e  ns e he es  oo   onne on n ser es  eans o  a  a les an  
n er a e o les o o a n n  nal s nals

   a)          b) 
Fig.6.  a),b)Results of calibration process of UNIFI Tiles in hot plate apparatus with a guard ring and comparison with a commer-
cial tiles. 

4 The SELFIE façade test

4.1 Features and operational functions of the façades

The research SELFIE, has been started since April of 2016 with the aim to develop three innovative 
en elo e o onen s ha  an e asse le  h fferen  eo e r  on ra ons n he F  
façade (280.0 cm x 280.0 cm). The concept of the three SELFIE components (Tab. 2) foresees 
several functionalized layers that could be separately assembled depending on the architectural 
design of the building where they will be installed. In the integrated solutions, the layers considered 
all together and performances tested as a whole. (Romano and Gallo 2018)

In order to analyze their energy performance, SELFIE system prototypes have been designed and 
evaluated in the concept phase, by mean of dynamic energy simulation tools considering several 

operation strategies; in the executive phase, the façade prototype realized with the three innovative 
o onen s has een es e  n er real o oor on ons n he es  ell 

4.2 Experimental set-up and monitoring results

The prototype of the SELFIE façade, has been installed in the Test Cell since December 2017 with 
the aim to analyse its thermal performances. 

The experimental set-up of the system for winter measurements concluded at the end of March 
 n hese on hs e anal e  he ener  er or an es o  he n er a a e on ra on  

when the ventilation grid was closed. The objective was to investigate the thermal performance of 
the modules in order to store heat into the air cavity keeping the system warm for a longer period of 
time and reducing thermal losses from inside to outside.

In detail in this paper, we shown the results of the analysis carried out during a monitoring 
campaign started on 24/02/18 and ended on 18/03/2018. 

Table 2: Description and operating mode of SELFIE modules
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to the pictures shown in the Figure 7 and connected to a Datalogger to measure each 10 minutes 
the following parameters:  

• 4 thermo-resistances PT100 located behind the inner grids and the upper grids to measure the 
temperature of the air entering and leaving the gap of SELFIE 1 and SELFIE2;

• 20 thermo-resistances to measure surface temperatures of each layer constituting the three 
SELFIE components;

• A Nitrogen Oxides (NOx) sensor behind the inner grid of SELFIE 1 (measurement range 0…4000 
ppm, accuracy ±0.1 ppm);

•  ho re ane o e ers o on or a r o s ns e he a  n F   an  F   a  hree 
fferen  he h s  eas re en  ran e  s  a ra   s

•  hea   e ers o eas re he her al o s hro h he o onen s n W  n he en re 
of each SELFIE module, facing the indoor environment (measurement range -2000…2000 W, 
accuracy ±3%);

• A pyranometer located on the vertical plane of the test sample to measure the global solar radiation 
W/m2.

   a)                       b) 
Fig.7. Scheme of the sensors integrated in the SELFIE system prototype: a) SELFIE 1; b) SELFIE 2.

The measured values were compared with data sets from another weather station located on the 
roof of a nearby university building, 15,00 m height above the ground. The global solar radiation 
over the plane of test wall was included in the overall balance of heat exchanges that take place 
between outside and inside through the test cell envelope and the test wall. This data is recorded 
by means of a pyranometer located on the vertical plane of test sample. The area surrounding the 
es  ell s a reen area  ho e er  eas re en  oes no  ake n o a o n  he re e e  ar  o  

solar radiation on the façade due to the grass covering the ground.

The analysis on dynamic behavior of the façade prototype refers to the 9th of March 2018 (sunny 
conditions) and the 17th of March 2018 (partially covered sky conditions). The heating system 
was switched on between 7:00 am and 7:00 pm in weekdays (Temperature set point of 20°C) and 

rne  off r n  he eeken  o ar n  n oor r e era re an  oor r e era re 
during both the days (Fig. 9), the graphs show that even during nighttime, when the heater is turned 
off  he n oor e era re ne er oes o n elo   onse en l  he her al er or an e 
of the SELFIE prototype can be considered good, with respect to the reduction of thermal losses 
in winter, keeping the indoor environment close to comfort conditions (temperature range 18°C-24 
°C).

                a)           b)       c) 
F  a  re o  he F  ro o e n he es  ell  o er e  o  sensors ns alle  on nner s r a e o  F  
façade (b); overview of sensors installed on external surface of SELFIE façade.

he e era re ro les hro h he ross se on o  F   an  F   o les are sho n 
n F re  a  fferen  ho rs r n  o re resen a e a s o  n er er o  s a res l  o  her al 

ffer o era e on ra on  he a r e era re ns e he a r a  o  F   s e een 
 an   r n  he a  h a e era re fferen e  o   ro   a  o  

pm in sunny day conditions. Under overcast conditions, during the day, the air cavity temperature 
han es e een  an   h a  o   ro   a  o   he F   

module, during sunny day, shows high temperature on the PV module, in particolar in the period 
between 12:00 am and 4:00 pm, when the surface temperatures reach values close to the melting 
temperature of the PCM. The PCM layer works as thermal storage, decreasing the temperature 
ns e he ffer one     ho  han n  s e era re
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                 a) 

                  b) 
F  n oor an  oor r e era re an  lo al solar ra a on e ro les r n  a al n er er o  a  s nn  a  
conditions and b) partially covered sky conditions.

9th of March 2018 (sunny conditions) 9th of March 2018 (sunny conditions)

17th March 2018 (partially covered sky conditions) 17th March 2018 (partially covered sky conditions)

   a)      b) 
F  e era re ro les hro h he ross se on  o  a  F  an   F   o oenn s a  h o  ar h  s n-
ny conditions) and the 17th March 2018 (partially covered sky conditions) 

5 Conclusion

The monitoring results during winter season show a good performance of SELFIE system (specially 
for SELFIE 2 module integrating PCM) in reducing thermal losses keeping the indoor environment 
lose o o or  on ons also r n  he n h  hen he hea n  s s e  s rne  off  he 

experimental set-up of the system for summer measurements will be concluded at the end of 
August 2018. Furthermore, we hope to start the overall data comparison in September so to know 
exactly the thermoigrometric performances of the SELFIE façade in order to eventually improve its 
design concept. 
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