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TU1403	
  –	
  Adaptive	
  Facades	
  
STSM	
  Adaptive	
  facade	
  for	
  Med	
  Area	
  

	
  

Scientific	
  Report	
  Rosa	
  Romano	
  
	
  
	
  

Title	
  STSM:	
   Adaptive	
  facades	
  towards	
  Med	
  Area:	
  the	
  analysis	
  of	
  an	
  innovative	
  scientific	
  approach.	
  

Visitor:	
   -­‐ Name:	
  	
   Rosa	
  Romano	
  
-­‐ Affiliation:	
   University	
  of	
  Florence,	
  Department	
  of	
  Architecture	
  (DIDA)	
  
-­‐ Country:	
   Italy	
  
-­‐ ECI:	
   Yes	
  	
  

Host:	
  	
   -­‐ Name:	
   Laura	
  Aelenei	
  
-­‐ Affiliation:	
   LNEG	
  
-­‐ Country:	
  	
   Portugal	
  

Dates:	
   From:	
   2016-­‐07-­‐17	
  To:	
   2016-­‐07-­‐22	
  and	
  2016-­‐08-­‐01	
  To:	
   2016-­‐08-­‐06	
  
Nr.	
  of	
  days:	
   15	
  	
  

Budget:	
   1875,00	
  Euro	
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1. SUMMARY	
  OF	
  STSM	
  

	
  

The	
  National	
  Laboratory	
  of	
  Energy	
  and	
  Geology	
  (LNEG),	
  choice	
  as	
  host	
   institution	
  for	
  my	
  STSM,	
  has	
  a	
   large	
  research	
  
experience	
   in	
   energy	
   in	
   buildings,	
   NZEB,	
   façade	
   elements	
   and	
   heat	
   transfer,	
   and	
   it	
   promotes	
   façade	
   design	
   and	
  
engineering	
   at	
   a	
   European	
   level	
   and	
   beyond.	
   In	
   such	
   context,	
   the	
   Energy	
   Efficiency	
   Unit	
   develops	
   in	
   particular	
   its	
  
activity	
   in	
   the	
   energy	
   efficiency	
   field,	
   acting	
   in	
   two	
   particular	
   sectors:	
   the	
   'Building'	
   (households,	
   offices)	
   and	
   the	
  
'Industry'	
  sectors,	
  with	
  a	
  particular	
  focus	
  on:	
  

• Technologies,	
   processes	
   and	
   products	
   development,	
   in	
   close	
   cooperation	
   with	
   the	
   companies	
   which	
   are	
  
active	
  in	
  the	
  Portuguese	
  Economy;	
  

• Advanced	
  training	
  and	
  dissemination	
  in	
  specific	
  fields;	
  

• Energy	
  efficiency	
   in	
  buildings	
  by	
   the	
   integration	
  of	
   active	
  and	
  passive	
   technologies	
   in	
  buildings,	
   renewable	
  
energy	
  systems,	
  and	
  prefabricated	
  systems	
  for	
  building	
  facades	
  integration;	
  

• New	
  concepts:	
  Net	
  Zero	
  Energy	
  Buildings	
  (NZEB)	
  and	
  Smart	
  Cities;	
  

• Audits	
  in	
  Building;	
  

• EcoDesign	
   and	
   Design	
   for	
   Sustainability	
   (products,	
   processes)	
   -­‐	
   The	
   design	
   of	
   products	
   that	
   affect	
   energy	
  
consumption,	
   in	
   a	
   life	
   cycle	
   perspective,	
   along	
   with	
   the	
   communication	
   to	
   the	
   market	
   of	
   its	
   characteristics	
   and	
  
functionalities;	
  

• Etc…	
  

	
  

	
  
Fig.	
  1.	
  The	
  Adaptive	
  South	
  façade	
  of	
  Edificio	
  Solar	
  XXI	
  LNEG	
  in	
  Lisbon	
  

	
  

The	
  possibility	
  to	
  collaborate	
  during	
  my	
  STSM	
  programme	
  of	
  the	
  Cost	
  Action	
  TU4013	
  with	
  the	
  team	
  of	
  international	
  
expert	
  of	
  National	
  Laboratory	
  of	
  Energy	
  and	
  Geology	
  (LNEG),	
  coordinated	
  by	
  prof.	
  Laura	
  Aelenei,	
  has	
  allowed	
  me	
  to	
  
improve	
  my	
  knowledge	
  in	
  the	
  field	
  of	
  the	
  existing	
  research	
  about	
  the	
  evolution	
  of	
  smart	
  façade	
  systems	
  in	
  the	
  area	
  of	
  
design	
   and	
   industrial	
   production	
   and	
   to	
   start	
   an	
   interesting	
   collaboration	
   with	
   the	
  Working	
   Group	
   1	
   of	
   the	
   COST	
  
ACTION	
  that	
  I	
  hope	
  continuing	
  in	
  the	
  future.	
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2. OBJECTIVES	
  OF	
  THE	
  STSM	
  

	
  

My	
  STMS	
  has	
  been	
  focused	
  to	
  know	
  the	
  research	
  methodologies	
  adopted	
  in	
  the	
  research	
  Group	
  of	
  LNEG	
  in	
  order	
  to	
  
investigate	
   the	
   technological,	
   functional	
   and	
   qualitative	
   standards	
   of	
   dynamic	
   façades	
   and	
   evaluate	
   the	
   energy	
  
performances	
  of	
  the	
  building	
  envelope	
  as	
  a	
  dynamic	
  system	
  that	
  interacts	
  between	
  indoor	
  and	
  outdoor	
  environment.	
  	
  

The	
  activities	
  developed	
  during	
  my	
  two	
  weeks	
  in	
  Lisbon	
  have	
  been	
  focused	
  in	
  particular	
  to	
  increase	
  my	
  knowledge	
  in	
  
the	
  frame	
  of	
  responsive/adaptive/interactive	
  building	
  envelopes	
  working	
  with	
  the	
  prof.	
  L.	
  Aelenei	
  on	
  the	
  construction	
  
of	
  an	
  adaptive	
  façade	
  characterization	
  matrix,	
  based	
  on:	
  state	
  of	
  the	
  art,	
  database	
  of	
  different	
  applications,	
  projects	
  
developed	
  in	
  this	
  area	
  which	
  could	
  be	
  a	
  useful	
  tool	
  for	
  developing	
  new	
  adaptive	
  façade	
  design	
  and	
  technologies.	
  

	
  

The	
  objectives	
  of	
  my	
  STMS	
  programme	
  have	
  been	
  those	
  following	
  listed:	
  

1. To	
  analyse	
  the	
  state	
  of	
  art	
  of	
  the	
  dynamic	
  façade	
  systems	
  for	
  the	
  hot	
  and	
  temperate	
  climate,	
  contributing	
  to	
  
map	
  out	
  these	
  types	
  of	
  adaptive	
  façades	
  with	
  the	
  objective	
  to	
  increase	
  the	
  activity	
  started	
  in	
  the	
  WG1	
  with	
  
the	
  creation	
  of	
  a	
  supporting	
  database.	
  

2. To	
  collect	
   information	
   from	
   literature	
  and	
  case	
  studies	
   to	
  build	
  a	
  new	
  definition	
   regarding	
  adaptive	
   facade	
  
that	
  will	
  be	
  used	
  for	
  starting	
  a	
  new	
  publication	
  (already	
  planned	
  regarding	
  specifically	
  to	
  the	
  definitions).	
  

3. To	
  enhance	
  the	
  knowledge	
  on	
  novel	
  materials,	
  concepts	
  and	
  technologies	
  and/or	
  the	
  new	
  combinations	
  of	
  
existing	
  technologies	
  for	
  adaptive	
  envelope,	
  as	
  indicated	
  in	
  the	
  task	
  1.4	
  of	
  WG1	
  

4. To	
  contribute	
  to	
  Annual	
  Training	
  School	
  for	
  dissemination	
  of	
  expertise	
  to	
  Early	
  Stage	
  Researchers	
  

	
  

	
  
Fig.	
  1.	
  Screen	
  shot	
  of	
  the	
  Database	
  case	
  studies	
  analysed	
  to	
  develop	
  a	
  new	
  definition	
  of	
  “adaptive	
  facades”	
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3.	
  DESCRIPTION	
  OF	
  THE	
  WORK	
  CARRIED	
  OUT	
  DURING	
  THE	
  STSM	
  (ACCORDING	
  WITH	
  THE	
  DESCRIBED	
  OBJECTIVES)	
  

	
  

The	
   goal	
   of	
  my	
   STSM	
  has	
  been	
   increasing	
  my	
   scientific	
   experience	
   through	
   the	
  exchange	
  of	
   knowledge	
  within	
   the	
  
working	
  group	
  of	
  Prof.	
  Laura	
  Aelenei	
  where	
  a	
  multidisciplinary	
   team	
  of	
  architects	
  and	
  engineers	
  work	
  with	
  specific	
  
expertise	
   in	
   the	
   field	
   of	
   energy	
   in	
   buildings,	
   architectural	
   building	
   integration	
   of	
   renewable	
   energy	
   systems	
   and	
  
technology,	
  developing	
  interesting	
  researches	
  on	
  the	
  scientific	
  area	
  of	
  building	
  envelope.	
  

The	
   work	
   that	
   I	
   have	
   carried	
   out	
   at	
   the	
   host	
   institution,	
   during	
   the	
   two	
   weeks	
   of	
   STSM,	
   have	
   been	
   focused	
   in	
  
particular	
  on	
  the	
  following	
  main	
  specific	
  activities:	
  

	
  

3.1	
   ANALYSIS	
   OF	
   THE	
   STATE	
   OF	
   ART	
   OF	
   THE	
   ADAPTIVE	
   FACADES	
   (D1.1),	
   contributing	
   to	
  map	
   out	
   these	
   types	
   of	
  
adaptive	
   façades	
   (available	
   either	
   on	
   the	
  market,	
   or	
   as	
   prototypes	
   or	
   concepts)	
  with	
   the	
   objective	
   to	
   increase	
   the	
  
activity	
   started	
   in	
   the	
   WG1	
   with	
   the	
   creation	
   of	
   a	
   supporting	
   database	
   of	
   different	
   technological	
   solutions	
   and	
  
applications	
  of	
   adaptive	
   facades,	
   characterized	
  by	
  a	
  matrix	
  of	
   influencing	
  parameters.	
   In	
  particular	
   I	
  worked	
   to	
   the	
  
design	
  of	
  a	
  new	
  datasheet	
  to	
  collect	
  the	
  information	
  on	
  the	
  adaptive	
  façades	
  analysed	
  in	
  the	
  first	
  part	
  of	
  the	
  research	
  
activities	
  COST.	
  Furthermore	
  I	
  have	
  integrated	
  the	
  database	
  with	
  other	
  case	
  studies	
  of	
  adaptive	
  envelopes	
  located	
  in	
  
the	
  temperate	
  climate.	
  	
  

	
  

	
   	
   	
  
Fig.	
  3.	
  A	
  first	
  draft	
  of	
  Datasheet	
  developed	
  for	
  the	
  COST	
  database	
  	
  

	
  

3.2	
  STARTING	
  DEVELOPMENT	
  OF	
  A	
  NEW	
  DEFINITIONS	
  OF	
  ADAPTIVE	
  FACADE	
  based	
  on	
  the	
  state	
  of	
  the	
  art	
  and	
  survey	
  
analysis	
   that	
  will	
   be	
   used	
   for	
   starting	
   a	
   new	
   publication	
   (already	
   planned	
   regarding	
   specifically	
   to	
   the	
   definitions).	
  
(D1.2)	
  

	
  Adaptive,	
  in	
  fact	
  is	
  only	
  one	
  designation	
  for	
  a	
  concept	
  that	
  is	
  described	
  by	
  a	
  multitude	
  of	
  different	
  terms.	
  Even	
  within	
  
the	
  discipline	
  of	
  architecture,	
  terms	
  such	
  as	
  “smart”,	
  “intelligent”,	
  “interactive”,	
  “adaptive”	
  or	
  “responsive”	
  have	
  been	
  
used	
  loosely	
  and	
  interchangeably,	
  creating	
  confusion	
  as	
  to	
  their	
  specific	
  meaning	
  and	
  their	
  conceptual	
  relationship	
  to	
  
building	
   performance	
   and	
   design.	
   In	
   response,	
   during	
   my	
   STSM	
   I	
   have	
   worked	
   to	
   build	
   a	
   provisional	
   lexicon	
   of	
  
descriptive,	
  behavioural	
  and	
  methodological	
  terms	
  to	
  assist	
  researchers	
  and	
  designers	
  in	
  navigating	
  the	
  field	
  of	
  high-­‐
performance	
   skins	
   that	
   incorporate	
  materially	
   innovative	
  and	
   feedback-­‐based	
   systems.	
   It	
   offers	
   a	
  brief	
  overview	
  of	
  
current	
  advances	
  in	
  this	
  nascent	
  and	
  rapidly	
  evolving	
  field	
  and	
  articulates	
  a	
  broader	
  conceptual	
  territory	
  for	
  the	
  term	
  
“adaptive”;	
   one	
   that	
   is	
   able	
   to	
   interact	
  with	
   the	
   environment	
   and	
   the	
   user	
   by	
   reacting	
   to	
   external	
   influences	
   and	
  
adapting	
   their	
   behaviour	
   and	
   functionality	
   accordingly:	
   the	
   building	
   envelope	
   insulates	
   only	
   when	
   necessary,	
   it	
  
produces	
  energy	
  when	
  possible,	
  it	
  shades	
  or	
  ventilates	
  when	
  the	
  indoor	
  comfort	
  so	
  demands.	
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3.3	
  FIRST	
  REVIEW	
  OF	
  MATERIAL	
  PREPARED	
  FOR	
  ANNUAL	
  TRAINING	
  SCHOOL	
  (D	
  1.6)	
  for	
  dissemination	
  of	
  expertise	
  to	
  
Early	
  Stage	
  Researchers	
  with	
  a	
  construction	
  of	
  an	
  “Adaptive	
  façade	
  Syllabus”	
  based	
  on	
  the	
  state	
  of	
  the	
  art	
  and	
  survey	
  
analysis	
  to	
  use	
  during	
  the	
  working	
  sessions	
  in	
  order	
  to	
  provide	
  a	
  systematic	
  characterization	
  of	
  the	
  adaptive	
  façade	
  for	
  
future	
  trends	
  of	
  adaptive	
  facades	
  design,	
  development	
  of	
  novel	
  adaptive	
  technologies.	
  
	
  

	
   	
  
Fig.	
  4.	
  A	
  second	
  draft	
  of	
  Datasheet	
  developed	
  for	
  the	
  COST	
  database	
  	
  

	
  

4.	
  OTHER	
  ACTIVITIES:	
  

-­‐ To	
   know	
   the	
   research	
   activities	
   of	
   LNEG	
   and	
   in	
   particular	
   those	
   dedicated	
   to	
   project,	
   test	
   and	
   prototype	
  
innovative	
   façade	
   systems.	
   During	
   my	
   two	
   weeks	
   of	
   STMS,	
   in	
   fact,	
   I	
   could	
   visit	
   the	
   LNEG	
   Campus	
   and	
   its	
  
innovative	
   buildings.	
   In	
   particular	
   I	
   worked	
   inside	
   the	
   experimental	
   Edificio	
   Solar	
   XXI,	
   so	
   to	
   analyse	
   the	
  
interesting	
   technologies	
   that	
   have	
   been	
   adopted	
   to	
   reduce	
   the	
   energy	
   consumptions	
   for	
   heating	
   and	
   cooling	
  
during	
  all	
  months	
  of	
   the	
  year	
  and	
   to	
   know	
   the	
  adaptive	
   façade	
   systems	
  with	
   the	
   integration	
  of	
   an	
   innovative	
  
PCM,	
  that	
  is	
  tested	
  in	
  these	
  months	
  in	
  the	
  south	
  façade	
  of	
  this	
  building.	
  	
  

-­‐ To	
   Acquire	
   new	
   skills	
   on	
   novel	
   materials,	
   technologies	
   and	
   new	
   combinations	
   of	
   existing	
   technologies	
   for	
  
adaptive	
   Facades	
   in	
   order	
   to	
   provide	
   a	
   selection	
   of	
   technologies	
   applications	
   already	
   adopted	
   in	
   existing	
  
projects,	
   identifying	
   the	
   strongest	
   and	
   weakest	
   points,	
   and	
   to	
   pursue	
   new	
   concepts	
   and	
   new	
   products	
   for	
  
adaptive	
  façades;	
  

-­‐ To	
   develop	
   new	
   knowledge	
   such	
   as	
   effective	
   evaluation	
   tools	
   to	
   analyse	
   the	
   energy	
   performances	
   of	
   the	
  
multilayers	
  and	
  smart	
  facades	
  

	
  

5.	
  OUTCOME	
  

The	
  outcome	
  of	
  my	
  STSM	
  have	
  been:	
  

a) The	
  STSM	
  has	
  contributed	
  to	
  a	
  deliverable	
  described	
  in	
  the	
  MoU	
  of	
  the	
  Action	
  

D.1.1.	
  Report	
  and	
  database	
  with	
  current	
  state-­‐of-­‐the-­‐art	
  adaptive	
  façade	
  materials,	
  systems	
  and	
  new	
  concepts	
  

D.1.2.	
  Report	
  on	
  real	
  world	
  case	
  studies	
  of	
  adaptive	
  façade	
  applications.	
  

D.1.3.	
  Report	
  on	
  progress	
  made	
  in	
  new	
  adaptive	
  technologies	
  over	
  the	
  course	
  of	
  the	
  Action.	
  

D.1.6.	
  Contribution	
  to	
  Annual	
  Training	
  School	
  for	
  dissemination	
  of	
  expertise	
  to	
  Early	
  Stage	
  Researchers	
  

b) The	
  STSM	
  results	
  in	
  a	
  joint	
  journal/conference	
  publication	
  

As	
   the	
  min	
   contribution	
   is	
   the	
   structure	
  of	
  definitions	
   regarding	
  adaptive	
   façade	
  based	
  on	
   the	
   state	
  of	
   the	
  art	
   and	
  
survey	
  case	
  studies	
  analysis,	
  the	
  results	
  of	
  this	
  STSM	
  will	
  be	
  used	
  also	
  for	
  starting	
  a	
  new	
  publication	
  (already	
  planned	
  
regarding	
  specifically	
  to	
  the	
  definitions)	
  	
  

c) The	
  STSM	
  results	
  in	
  a	
  joint	
  research	
  proposal	
  

Opportunities	
   for	
   joint	
   participation	
   in	
   H2020	
   proposal	
   were	
   analysed,	
   in	
   particular	
   those	
   relative	
   to	
   the	
   calls	
  
regarding	
   the	
   adaptive	
   envelopes	
   (i.e.	
   EE02	
   Energy-­‐efficient	
   Buildings;	
   EE14	
   Construction	
   skills;	
   EE03	
   Standardised	
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installation	
   packages	
   integrating	
   renewable	
   and	
   energy	
   efficiency	
   solutions	
   for	
   heating,	
   cooling	
   and/or	
   hot	
   water	
  
preparation,	
  etc.).	
  

	
  

6.	
  BENEFITS	
  OF	
  THE	
  STSM	
  

The	
  relationships	
  that	
  I	
  have	
  developed	
  during	
  the	
  STMS	
  with	
  other	
  researchers	
  employed	
  in	
  the	
  field	
  of	
  design	
  and	
  
test	
   of	
   adaptive	
   envelopes	
   allowed	
  me	
   to	
   improve	
  my	
   knowledge	
   and	
   transferring	
   this	
   in	
  my	
   research	
   and	
   in	
   the	
  
following	
  activities	
  developed	
  into	
  the	
  COST	
  Action	
  TU1403:	
  

-­‐	
   Editing	
   of	
   reports	
   on:	
   current	
   adaptive	
   facades	
   modelling	
   techniques;	
   current	
   state-­‐of-­‐the-­‐art	
   adaptive	
   façade	
  
materials,	
  systems	
  and	
  new	
  concepts;	
  real	
  world	
  case	
  studies	
  of	
  adaptive	
  façade	
  applications;	
  progress	
  made	
  in	
  new	
  
adaptive	
  technologies	
  over	
  the	
  course	
  of	
  the	
  Action;	
  etc.	
  

-­‐	
  Input	
  and	
  contributions	
  to	
  relevant	
  parts	
  of	
  educational	
  pack	
  into	
  WG1	
  	
  

-­‐	
  Teaching	
  activity	
  in	
  Annual	
  Training	
  School,	
  Education	
  Pack	
  and	
  Industry	
  Workshops,	
  etc.	
  

Moreover,	
  the	
  possibility	
  to	
  transfer	
  knowledge	
  between	
  two	
  research	
  centres	
  and	
  to	
  compare	
  two	
  different	
  scientific	
  
approaches	
   could	
   accelerate	
   the	
   development	
   of	
   new	
   international	
   researches	
   on	
   innovative	
   components	
   and	
  
evaluation	
  techniques,	
  and	
  their	
  adoption	
  and	
  application	
  in	
  buildings	
  located	
  in	
  South	
  Europe.	
  

	
  
Fig.	
  2.	
  Screen	
  shot	
  of	
  the	
  Syllabus	
  matrix	
  to	
  use	
  in	
  the	
  Summer	
  School	
  of	
  September.	
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