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why	  «compu+ng	  the	  environment»	  ?	  
	  
	  
	  
	  
	  

because,	  we	  are	  now	  able	  to	  interplay	  with	  physics	  	  
through	  agent-‐data	  computable	  hypo-‐thesis.	  	  
	  
We	  are	  having	  now	  an	  impressive	  capacity	  to	  quanQfy	  nature,	  to	  trap	  her	  	  
inside	  the	  digital	  computable	  world	  (dico.world),	  inside	  the	  digital	  matema,	  the	  mathemaQcal	  formulas	  shaped	  
through	  bits.	  
Today,	  sensors,	  and	  data	  entry	  sources	  in	  general	  are	  mulQples	  	  of	  people	  that	  leave	  in	  the	  world.	  
But	  almost	  zero	  in	  comparison	  with	  the	  infinite	  aspects	  of	  the	  phenomenological	  world	  and	  for	  this	  reason	  we	  
can	  affirm	  that	  «the	  Environmental	  CompuQng»	  is	  just	  started.	  	  
	  
Through	  digital	  data	  we	  can	  conceive,	  model,	  design,	  and	  fabricate	  arQfacts	  at	  different	  scales;	  	  
No	  doubt,	  with	  more	  accuracy,	  reliability,	  …and	  ignorance.	  
	  

Informing	  Ma`er.	  
	  

“For	  me,	  it	  is	  calculus	  that	  wzs	  	  the	  subject	  of	  the	  issuu	  and	  it	  is	  the	  
discovery	  and	  implementa=on	  of	  calculus	  by	  architects	  that	  con=nue	  
to	  drive	  the	  field	  in	  terms	  of	  formal	  and	  constructed	  complexity”	  	  
(G.	  Lynn)	  



why	  «designing	  responsive	  envelopes»?	  
	  
	  

Because,	  envelops	  are	  the	  building	  system	  more	  related	  to	  the	  environment	  or	  –	  in	  many	  
words	  –	  	  to	  	  the	  site,	  the	  place,	  the	  climate,	  the	  weather,	  the	  socio-‐poliQcal	  and	  economical	  aspects,..	  
In	  short	  words:	  	  building	  envelopes	  are	  the	  inside	  /	  outside	  mediator.	  	  
	  
In	  a	  correlated	  explosion	  with	  sensoring,	  computable	  actuators	  are	  growing	  faster,	  as	  well.	  	  
RoboQc	  arms	  are	  the	  most	  popular	  example	  today,	  	  
Many	  other	  sectors,	  like	  so,roboQca,	  are	  increasing	  in	  importance	  for	  broader	  applicaQon	  fields.	  
In	  other	  scales	  (micro	  or	  nano)	  we	  found	  the	  most	  quanQQes	  of	  digital	  actuators	  sQll	  a	  kind	  of	  ele`romechanical	  
devices	  able	  to	  react	  under	  the	  basic	  what-‐if	  condiQon.	  At	  different	  scale	  we	  also	  have	  a	  rapid	  growing	  of	  
“informed”	  devices,	  able	  to	  operate	  through	  mulQdimensional	  patches	  and	  large	  amount	  of	  data.	  
Devices	  that	  –	  more	  and	  more–	  let	  us	  to	  interplay	  dynamically	  with	  the	  environment.	  
	  
We	  are	  at	  the	  point	  that	  is	  possible	  to	  inform	  ma`er	  for	  predictable	  behaviors.	  
Informing	  ma`er	  is	  not	  	  anymore	  and	  only	  the	  producQon	  of	  materials	  with	  predictable	  or	  definiQve	  forms;	  
materials	  do	  not	  come	  to	  live	  through	  designing	  forms,	  assigning	  meaningful,	  visible	  and	  understandable	  forms	  
to	  ma`er,	  assigning	  univocity,	  and	  worshipping	  the	  aura.	  
Today,	  mastering	  the	  ma`er,	  is	  an	  acQvity	  that	  takes	  place	  at	  the	  structural	  level,	  dealing	  with	  relaQonships,	  
parameters,	  forces,	  and	  energy	  fields	  expressed	  and	  formulated	  through	  the	  numerical	  matema.	  
With	  new	  technological	  abiliQes	  	  we	  	  are	  now	  	  able	  to	  produce	  materia	  operata	  (materials),	  and	  even	  materia	  
prima	  (ma`ers),	  that	  can	  be	  invisible,	  with	  mulQple	  possible	  shapes,	  able	  to	  incorporate	  performaQve	  (more	  
than	  connotaQve)	  informaQon.	  	  
As	  a	  result	  we	  deal	  with	  «performaQve	  informed	  un-‐materiality»:	  materials	  «farcé»	  of	  that	  	  special	  untouchable	  
ma`er	  that	  is	  the	  knowledge;	  for	  this	  reason	  we	  can	  define	  objects	  mainly	  made	  of	  un-‐materiality,	  able	  to	  
incorporate	  informaQon,	  memories;	  able	  to	  mutate	  dynamically	  presences	  and	  aitudes,	  to	  respond	  under	  
complex	  and	  interrelated	  condiQons,	  variables,	  parameters.	  
	  
We	  can	  use	  all	  this	  new	  potenQality	  to	  build	  responsive	  architectures.	  
	  
	  
	  
	  

PerformaQve	  Informed	  Un-‐materiality	  (PIU)	  



Because,	  the	  industrial	  system	  of	  producQon	  is	  over.	  The	  moral	  imperaQve	  of	  the	  modern	  world	  to	  re-‐produce	  and	  to	  assemble	  
idenQcal	  pieces	  opQmized	  for	  funcQons,	  and	  manufacturing	  reasons	  lost	  centrality.	  
The	  sample,	  the	  analogical	  repeQQon	  of	  elements	  inside	  the	  diagrammaQc	  rules	  of	  the	  Modulor	  is	  now	  replaced	  by	  parametrical	  
formulas,	  by	  calculus,	  by	  the	  mathemaQc	  of	  curvilinearity.	  
	  
Through	  intangible	  mathemaQcal	  formulas	  we	  are	  now	  able	  to	  put	  in	  relaQonship	  small	  grains	  of	  the	  reality	  and	  to	  differenQate	  them	  
at	  micro	  scale	  as	  well.	  	  
Algorithms	  	  are	  now	  the	  standard,	  a	  new	  sample	  totally	  different	  from	  the	  previous	  past	  ones.	  Object	  produced	  by	  algorithms	  are	  not	  
anymore	  a	  repeQQon.	  From	  algorithms	  comes	  singular	  enQQes,	  member	  of	  families	  that	  share	  a	  communal	  code.	  In	  this	  new	  
dimension	  we	  are	  now	  producing	  and	  living	  with	  new	  arQfacts	  that	  are	  mutants,	  generated	  by	  topological	  differenQaQons	  and	  	  geneQc	  
adaptaQons	  of	  the	  same	  ma`er:	  arQfacts	  that	  are	  more	  closed	  to	  the	  organic	  world,	  that	  declare	  –	  in	  Mumford’s	  words	  –	  the	  end	  of	  
the	  «paleotechnics».	  
	  
For	  this	  reason	  producQon	  is	  not	  anymore	  a	  staQc	  diagram	  but	  a	  flexible	  context	  using	  different	  and	  mulQple	  tools,	  variable	  and	  
simultaneous	  strategies:	  a	  new	  way	  of	  conceive,	  design	  and	  fabricate	  in	  a	  conQnuous	  flow.	  All	  aspects	  that	  are	  related	  to	  the	  art	  of	  
cra,ing	  where	  arQsans	  were	  able	  to	  control	  all	  the	  processes,	  using	  skills	  and	  know-‐how,	  learning	  and	  perfecQng	  	  their	  object	  by	  trials	  
and	  errors	  at	  heir	  own	  risk;	  preparing,	  like	  Galileo	  with	  the	  telescope	  (the	  starry	  messenger),	  instruments	  and	  tools	  for	  that	  specific	  
work	  and	  in	  relaQonship	  with	  the	  final	  product.	  
	  
In	  any	  case,	  	  the	  digital	  cra,smanship	  of	  the	  post	  industrial	  era	  have	  some	  differences	  from	  the	  tradiQon	  of	  cra,ing.	  
The	  new	  cra,sman	  is	  now	  able	  to	  formalize	  is	  know-‐how	  transforming	  the	  tacit	  knowledge	  in	  explicit	  and	  transmissible	  knowledge.	  He	  
can	  objecQfy	  the	  inQmate	  properQes	  of	  ma`er	  through	  quanQtaQve	  specificaQons.	  QuanQtaQve	  specificaQons	  made	  of	  data	  that	  can	  
be	  acquired,	  transmi`ed,	  and	  computed.	  	  
The	  skill	  of	  the	  new	  cra,sman	  is	  	  adapQng	  so,ware;	  coding	  specific	  patches	  for	  singular	  and	  specific	  goal.	  The	  new	  cra,sman	  has	  that	  
ability	  to	  weave	  ma`er,	  to	  create	  macramé	  	  for	  Damien	  	  Hirst	  or	  in	  our	  words	  	  to	  weave	  	  intricacy	  between	  the	  macro	  and	  the	  micro,	  
the	  visible	  and	  the	  invisible.	  
He	  can	  now	  runs	  trials	  and	  test	  through	  digital	  simulaQons	  inside	  the	  no	  risky	  «white	  room»	  of	  the	  computer.	  He	  can	  now	  formulates	  
and	  evaluates	  mulQple	  alternaQves	  through	  no-‐destrucQve	  pracQces.	  The	  digital	  cra,sman	  can	  now	  pracQce	  architectural	  design	  as	  an	  
experimental	  research	  more	  than	  observing	  prescripQons,	  and	  rules	  of	  thumb.	  He	  is	  now	  	  able	  to	  objecQfy	  input	  and	  output,	  to	  
produce	  consistent	  feedback,	  to	  acQvate	  evoluQonary	  process	  of	  morphogenesis.	  He	  can	  adapts	  tools	  for	  his	  specific	  need	  almost	  as	  in	  
the	  Past,	  the	  tradiQonal	  instruments	  fi`ed	  his	  hand;	  he	  can	  explore	  new	  opportuniQes	  for	  funcQons	  and	  forms,	  he	  can	  finally	  recover	  
that	  specific	  community	  of	  pracQce	  that	  lived	  in	  the	  medieval	  «bo`ega»;	  he	  can	  have	  back	  that	  desire	  and	  proud	  –	  in	  the	  Richard	  
Sennet’s	  word	  –	  	  to	  do	  a	  job	  well	  for	  its	  own	  sake.	  	  
	  
	  
	  
	  
	  

Digital	  Cra,ing	  
	  

why	  «cra9ing»?	  



This	  the	  text-‐book	  
h`ps://issuu.com/jesic/docs/design_energy_simulaQon_for_archit	  
	  
See	  in	  assignment#01	  
In	  mailab	  workshop	  secQon	  of	  “in	  progress	  menu”	  
	  



“we live in a era where data 
is abundant, yet very little 
of this data is used to 
effectively inform the early 
design of buildings”  
Kjell Anderson, practices at LMN Architects in Seattle Washington, USA

Modeling	  the	  Environment,	  Designing	  Envelopes	  	  



Data are the intangible aspect of 
materiality that allows us to model 
the phenomena and through 
numerical modeling to understand 
and predict their behaviors:  
to design the built environment. 



Today	  there	  are	  a	  lot	  of	  so,ware	  to	  approach	  and	  modeling	  architectural	  designing	  
That	  are	  very	  intuiQve	  and	  give	  the	  opportunity	  also	  to	  architects	  to	  run	  some	  	  
technical	  analysis	  that	  in	  the	  past	  were	  served	  to	  enginnering	  and	  specialist	  

As	  a	  result	  architect	  today	  can	  use	  this	  tool	  to	  inform	  their	  project,	  deciding	  
on	  evidence	  of	  test,	  	  controlling	  the	  machinery	  for	  the	  fabricaQon	  (files	  to	  factory)	  
	  
Assuming	  responsible	  decisions	  based	  on	  facts	  and	  optaining	  an	  higher	  performance	  building	  
in	  terms	  of	  energy	  consumpQon	  Co2	  footprint,	  comfort	  for	  occupancy	  
	  



MODELING	  HUMAN	  BEHAVIOURS	  	  
AND	  COMPUTING	  COMFORT	  CONDITIONS	  



	  
Thermal	  	  
Light	  
VenQlaQon	  
Humidity	  
AcusQc	  
	  
	  
View	  
Security	  
…….	  

SOLAR	  ENERGY	  
NATURAL	  LIGHT	  
WINDS	  
HUMIDITY	  
RAIN	  
SKY	  CONDITION	  
	  
	  
	  
	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  

METEREOLOGICAL	  FACTORS	  
	  

NOT	  METEREOLOGICAL	  FACTORS	  



THERMAL	  COMFORT:	  AN	  INTERACTIVE	  PHENOMENA	  
	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



Environmental	  elements	  that	  affect	  people’s	  comfort	  

HOW	  THE	  BODY	  EXCHANGE	  THERMAL	  ENERGY	  



THERMAL	  BODY	  COMFORT	  

MODELING	  	  HUMAN	  THERMAL	  COMFORT	  	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



METABOLIC	  PROFILES	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



DRESSING	  PROFILES	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



THERMAL	  COMFORT	  ZONE	  





Manca	  diagramma	  condensa	  etc	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  

PERCEIVED	  TEMPERATURE	  AND	  DISCOMFORT	  INDEX	  



Effec+ve	  Temperature	  &	  THERMAL	  COMFORT	  ZONE	  
	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



Environmental	  elements	  that	  affect	  people’s	  comfort	  



>to	  access	  the	  tool:	  
h`p://comfort.cbe.berkeley.edu/EN	  

	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



>to	  access	  the	  tool:	  
h`p://comfort.cbe.berkeley.edu/EN	  

	  

Environmental	  elements	  that	  affect	  people’s	  comfort	  



WEATHER	  AND	  CLIMATE	  	  COMPUTATIONAL	  MODELING	  
DATA	  ANALYSIS	  IN	  RELATIONSHIP	  WITH	  HUMAN	  COMFORT	  
	  
•	  THERMAL	  FACTOR	  
•	  DAYLIGHT	  FACTOR	  
	  



WEATHER	  AND	  CLIMATE	  	  COMPUTATIONAL	  MODELING	  
DATA	  ANALYSIS	  IN	  RELATIONSHIP	  WITH	  HUMAN	  COMFORT	  
	  
•	  THERMAL	  FACTOR	  
	  



HOW	  TO	  MEASURE	  SOLAR	  ENERGY	  ?	  

RADIATION=W/m2	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  	  
	  
	  
•	  SOLAR	  ENERGY	  
•	  VENTILATION	  
•	  HUMIDITY	  	  
	  	  

	  
-‐  radiant	  temperature	  
	  
-‐	  	  	  	  air	  temperature	  	  



HOW	  TO	  MEASURE	  SOLAR	  ENERGY	  ?	  

RADIATION=W/m2	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  	  
	  
	  
•	  SOLAR	  ENERGY	  
•	  VENTILATION	  
•	  HUMIDITY	  	  
	  	  

	  
-‐  radiant	  temperature	  
	  
-‐	  	  	  	  air	  temperature	  	  



Solar	  radiaQon	  at	  top	  of	  the	  atmosphere.	  

	  1366	  W/m²	  (solar	  costant)	  

	  1	  W	  =	  3,416	  Btu.	  	  

Considering	  the	  earth	  surface,	  
the	  total	  solar	  energy	  is=	  174	  PW	  	  
Peta=	  million	  of	  billions	  Solar	  radiaQon	  spectrum	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



Other	  source	  says	  45%	  absorbed	  by	  land	  and	  oceans	  

26%=	  356	  W/m2	  	  

74%	  =1010	  W/m2	  
	  
1.000	  W/m2	  

100%=1366	  W/m2	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



	  
SOLAR	  ENERGY	  f(power,	  angle	  of	  incidence,	  sky	  condiQons)	  	  

1	  Btu=0,293071	  W/h	  
1	  ,2=0,092903	  m2	  

126,2	  Wh/mq	  ???	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  

h`p://andrewmarsh.com/so,ware/sunpath-‐on-‐map-‐web/	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



The	  influence	  of	  the	  site:	  sky	  condiQons	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



h`p://www.sunsim.it/	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



SOLAR	  ENERGY=	  f	  (power,	  angle	  of	  incidence,	  sky	  condiQons)=	  World	  Loca+on	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



THERMAL	  ANALYSIS	  FACTORS:	  SOLAR	  RADIATION	  
Detailed	  and	  average	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  :	  SOLAR	  ENERGY	  
	  	  



Irradia+on	  analysis	  



THERMAL	  ANALYSIS	  FACTORS:	  AIR	  TEMPERATURE	  



THERMAL	  ANALYSIS	  FACTORS:	  AIR	  TEMPERATURE	  



THERMAL	  ANALYSIS	  FACTORS:	  HUMIDITY	  	  
RelaQve	  and	  absolute	  



75%	  

The	  AT	  is	  defined	  as;	  the	  temperature,	  at	  the	  
reference	  humidity	  level,	  producing	  the	  same	  
amount	  of	  discomfort	  as	  that	  experienced	  
under	  the	  current	  ambient	  temperature	  and	  
humidity.	  
Basically	  the	  AT	  is	  an	  adjustment	  to	  the	  
ambient	  temperature	  (T)	  based	  on	  the	  level	  of	  
humidity.	  

The	  Apparent	  Temperature	  (AT)	  





Environmental	  parameters	  affec+ng	  thermal	  comfort:	  WIND	  &	  VENTILATION	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  WIND	  &	  VENTILATION	  



FIND	  THE	  PREVALENT	  WIND	  IN	  THE	  HOTTEST	  PERIOD	  WHEN	  VENTILATION	  IS	  MOSTLY	  REQUIRED	  
FIND	  THE	  PREVLENT	  WIND	  IN	  THE	  COLDEST	  PERIOD	  TO	  PROTECT	  THE	  BUILDING	  



Environmental	  parameters	  affec+ng	  thermal	  comfort:	  WIND	  &	  VENTILATION	  



gbxml	  

Environmental	  parameters	  affec+ng	  thermal	  comfort:	  ORIENTATION	  



COOLING	  OR	  HEATING	  ?	  
	  
WHAT	  IS	  THE	  PREVALENT	  NEED	  IN	  THAT	  SPECIFIC	  	  BUILDING?	  



30°C	  
	  

20°C	  
	  

10°C	  
	  

0°C	  

COOLING	  VS	  HEATING:	  A	  GENERAL	  ESTIMATION	  TEMPERATURE	  METHOD	  



COOLING	  vs	  HEATING:	  a	  detailed	  esQmaQon	  using	  Shoebox	  model	  



WEATHER	  AND	  CLIMATE	  	  COMPUTATIONAL	  MODELING	  
DATA	  ANALYSIS	  IN	  RELATIONSHIP	  WITH	  HUMAN	  COMFORT	  
	  
•	  DAYLIGHT	  FACTOR	  
	  



The	  most	  relevant	  daylight	  effect	  on	  thermal	  condiQon	  
The	  green	  house	  phenomena.	  
LA	  CONDUZIONE	  DEL	  CALORE	  
Prima	  avevo	  fa`o	  la	  radiazione	  
	  
Radiazione	  raggi	  incidenQ	  
Convenzione	  quando	  questo	  equilibrio	  si	  realizza	  a`raverso	  l’aria	  
Conduzione	  materiali	  a	  conta`o	  	  
	  
si	  equilibrano	  talvolta	  molto	  	  
lentamente	  a	  causa	  di	  una	  specifica	  inerzia	  del	  materiale	  sia	  condurre	  che	  delle	  capacità	  di	  accumulo	  
	  e	  tempi	  di	  assestamento	  con	  il	  sistema	  circostante.	  
La	  prima	  è	  una	  proprietà	  isolante	  ovvero	  di	  trasferire	  energia	  termica	  
La	  seconda	  capacità	  di	  …latenza….	  
	  
	  
	  	  
	  
tramite	  scambio	  con	  l’aria	  

•	  DAYLIGHT	  AVERAGE	  
•	  GLARING	  
•	  SHADING	  

Environmental	  parameters	  affec+ng	  daylight	  quality	  



Environmental	  parameters	  affec+ng	  daylight	  

•	  DAYLIGHT	  AVERAGE	  
•	  GLARING	  
•	  SHADING	  

GLAZING	  GEOMETRY	  &	  MATERIALS	  	  



TRASPARENCY	  OF	  GLASS	  

VISIBLE	  RADIATION	  

Environmental	  parameters	  affec+ng	  daylight	  



VISIBLE	  SPECTRUM	  
Environmental	  parameters	  affec+ng	  daylight	  



ABSOLUTE	  ENERGY	  IN	  THE	  VISIBLE	  SPECTRUM	  

400-‐-‐-‐-‐-‐-‐-‐700	  nm	  

Environmental	  parameters	  affec+ng	  daylight	  



RELATIVE	  ENERGY	  IN	  THE	  VISIBLE	  SPECTRUM	  

400-‐700	  nm	  

Environmental	  parameters	  affec+ng	  daylight	  



400-‐3500	  

TRASPARENCY	  OF	  GLASS	  &	  	  
%	  OF	  RADIATION	  PASSING	  THROUGH	  GLASS	  

Environmental	  parameters	  affec+ng	  daylight	  



Environmental	  parameters	  affec+ng	  daylight	  

	  

Daylight	  vs	  thermal	  (and	  visual)	  comfort	  
A	  conflictual	  rela+onship	  

	  

GLAZING	  GEOMETRY	  &	  MATERIALS	  	  



	  

Daylight	  vs	  thermal	  (and	  visual)	  comfort	  
A	  conflictual	  rela+onship	  

	  

Environmental	  parameters	  affec+ng	  daylight	  



400-‐3500	  

	  

THE	  GREEN	  HOUSE	  EFFECT	  
	  

Environmental	  parameters	  affec+ng	  daylight	  



Environmental	  parameters	  affec+ng	  daylight	  



Environmental	  parameters	  affec+ng	  daylight	  

GLAZING	  GEOMETRY	  &	  MATERIALS	  	  



Reflectance	  &	  Trasmi`ance	  	  	  f(angle	  of	  incidence)	  
Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



The	  influence	  of	  the	  site:	  Shade	  analysis	  and	  effecQve	  daylight	  

Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



h`p://andrewmarsh.com/so,ware/app-‐shading/	  

Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight	  

SKY	  CONDITIONS	  



Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



DAYLIGHT	  FALSE	  COLOR	  ANALYSIS	  

Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



h`p://andrewmarsh.com/so,ware/app-‐daylight/	  

Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  

GLARING	  &	  SHADING	  
	  



Daylight	  assessment:	  Point-‐in-‐Qme	  vs	  annual	  analysis	  

Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Systems	  for	  daylight	  diffusion	  

Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Physical	  scale	  model	  to	  evaluate	  daylight	  and	  glare	  

Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



LIGHTING	  vs	  GLARING:	  Shaping	  windows	  and	  shading	  	  

Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  WINDOWS	  GEOMETRY	  



Environmental	  parameters	  affec+ng	  daylight:	  Envelopes	  parametrical	  generated	  



Environmental	  parameters	  affec+ng	  daylight:	  Envelopes	  parametrical	  generated	  



Environmental	  parameters	  affec+ng	  daylight:	  Dayligth	  Autonomy	  es+ma+on	  



	  
DAYLIGHT	  AUTONOMY	  vs	  DAYLIGHT	  AUTONOMY	  MAX	  ANALYSIS	  

Environmental	  parameters	  affec+ng	  daylight:	  Dayligth	  Autonomy	  es+ma+on	  



Environmental	  parameters	  affec+ng	  daylight:	  GREEN	  SHADING	  MODELING	  



visible	  
Trasmi`ance	  
(TVis)	  for	  
daylighQng)	  

Solar	  Heat	  Gain	  
Coefficient	  (SHGC)	  

	  
Solar	  Heat	  Gain	  COefficient	  
(SHGC)	  is	  the	  fracQon	  of	  the	  
incident	  solar	  radiaQon	  
trasmi`ed	  through	  a	  
windoes	  plus	  the	  porQon	  
absorbed	  and	  
subsequenQally	  released	  
iward	  

Environmental	  parameters	  affec+ng	  daylight:	  GLAZING	  PROPERTIES	  



COOLING	  OR	  HEATING	  ?	  
	  
WHAT	  ARE	  THE	  PASSIVE	  STRATEGIES	  FOR	  A	  SPECIFIC	  	  BUILDING?	  
	  
	  
•	  VenQlaQon	  	  	  	  	  	  	  	  	  	  	  	  	  >>	  Working	  with	  WIND	  (convecQon)	  
	  
•	  Latent	  Heat	  	  	  	  	  	  	  	  	  	  	  	  >>	  Working	  with	  WATER	  (evaporaQon)	  	  
	  
	  •	  Thermal	  Lag	  	  	  	  	  	  	  	  	  >>	  Working	  with	  MASS	  (heat	  storage)	  
	  



WORKING	  WITH	  NATURAL	  VENTILATION	  
	  
•	  To	  heat/cool	  through	  thermal	  convecQon	  
•	  to	  refresh	  through	  the	  sweaQng	  acceleraQon	  
•	  to	  clean	  exhausted	  indoor	  air	  
•	  to	  prevent	  condensaQon,	  moisture,	  and	  germs	  



WORKING	  WITH	  NATURAL	  VENTILATION	  

Environmental	  parameters	  affec+ng	  indoor	  comfort:	  VENTILATION	  



Environmental	  parameters	  affec+ng	  indoor	  comfort:	  VENTILATION	  



Environmental	  parameters	  affec+ng	  indoor	  comfort:	  VENTILATIONC	  



Environmental	  parameters	  affec+ng	  indoor	  comfort:	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  WATER	  EVAPORATION	  







WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



30°C	  
	  

20°C	  
	  

10°C	  
	  

0°C	  

COOLING	  VS	  HEATING:	  A	  GENERAL	  ESTIMATION	  TEMPERATURE	  METHOD	  

Latent	  heat	  is	  the	  energy	  absorbed	  by	  or	  
released	  from	  a	  substance	  during	  a	  phase	  
change	  from	  a	  gas	  to	  a	  liquid	  or	  a	  solid	  or	  vice	  
versa.	  	  If	  a	  substance	  is	  changing	  from	  a	  solid	  
to	  a	  liquid,	  for	  example,	  the	  substance	  needs	  
to	  absorb	  energy	  from	  the	  surrounding	  
environment	  in	  order	  to	  spread	  out	  the	  
molecules	  into	  a	  larger,	  more	  fluid	  volume.	  	  If	  
the	  substance	  is	  changing	  from	  something	  with	  
lower	  density,	  like	  a	  gas,	  to	  a	  phase	  with	  higher	  
density	  like	  a	  liquid,	  the	  substance	  gives	  off	  
energy	  as	  the	  molecules	  come	  closer	  together	  
and	  lose	  energy	  from	  moQon	  and	  vibraQon.	  

Sensible	  heat	  	  is	  the	  energy	  required	  to	  
change	  the	  temperature	  of	  a	  substance	  
with	  no	  phase	  change.	  The	  temperature	  
change	  can	  come	  from	  the	  absorpQon	  of	  
sunlight	  by	  the	  soil	  or	  the	  air	  itself.	  	  Or	  it	  
can	  come	  from	  contact	  with	  the	  warmer	  
air	  caused	  by	  release	  of	  latent	  heat	  (by	  
direct	  conducQon).	  	  Energy	  moves	  
through	  the	  atmosphere	  using	  both	  
latent	  and	  sensible	  heat	  acQng	  on	  the	  
atmosphere	  to	  drive	  the	  movement	  of	  
air	  molecules	  which	  create	  wind	  and	  
verQcal	  moQons.	  

What	  is	  LATENT	  HEAT?	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



REAL	  TEMPERATURE:	  
30°	  (40%)	  >>	  22°(80%)	  >>	  diff	  -‐8°	  
APPARENT	  TEMPERATURE	  
	  
34°	  	  	  	  	  	  	  	  	  	  	  	  >>	  	  28°	  	  	  	  	  	  	  	  	  	  	  >>	  diff	  -‐6°	  

WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  MASS	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  



30°C	  
	  

20°C	  
	  

10°C	  
	  

0°C	  

COOLING	  VS	  HEATING:	  A	  GENERAL	  ESTIMATION	  TEMPERATURE	  METHOD	  

Thermal	  Lag	  describes	  a	  body's	  thermal	  mass	  
with	  respect	  to	  Qme.	  A	  body	  with	  high	  thermal	  
mass	  (high	  heat	  capacity	  and	  low	  conducQvity)	  
will	  have	  a	  large	  thermal	  lag.	  

Thermal	  diffusivity	  is	  the	  
thermal	  conducQvity	  divided	  by	  density	  
and	  specific	  heat	  capacity	  at	  constant	  
pressure	  

What	  is	  THERMAL	  LAG?	  

thermal	  mass	  is	  a	  property	  of	  the	  mass	  of	  a	  
building	  which	  enables	  it	  to	  store	  heat,	  
providing	  "inerQa"	  against	  temperature	  
fluctuaQons.	  It	  is	  someQmes	  known	  as	  the	  
thermal	  flywheel	  effect.	  
	  

This	  is	  disQnct	  from	  a	  material's	  insulaQve	  
value,	  which	  reduces	  a	  building's	  
thermal	  conducQvity,	  allowing	  it	  to	  be	  heated	  
or	  cooled	  relaQvely	  separate	  from	  the	  outside,	  	  

WORKING	  WITH	  MASS	  vs	  INSULATION	  



WORKING	  WITH	  NATURAL	  VENTILATION	  
	  
Marine	  breezes	  



WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  



COOLING	  vs	  HEATING:	  Thermal	  storage	  strategy	  

WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  



SOLAR	  ENERGY	  TIME	  DELAY	  

WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  



WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  

THERMAL	  STORAGEFOR	  HOT	  CLIMATE	  	  



	  Trombe	  wall	  	  

WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  



WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  

	  MODIEFID	  «Trombe	  wall»	  	  



WORKING	  WITH	  THERMAL	  	  MASS	  	  &	  	  DIFFUSIVITY	  



ASSIGNMENT	  #02:	  
	  
•	  Choose	  a	  geographical	  locaQon	  
•	  Download	  his	  related	  weather	  data,	  analyze	  them,	  	  and	  describe	  which	  
decisions	  could	  be	  taken	  to	  opQmize	  a	  concept	  design	  for	  	  a	  simple	  architectural	  
box	  in	  the	  early	  stage	  phase.	  
	  
Decision	  should	  cover	  the	  following	  aspects:	  
•	  Which	  is	  the	  acceptable	  thermal	  zone	  using	  psychometric	  diagram	  	  
•Which	  kind	  of	  thermal	  behavior	  should	  have	  the	  building	  (heated	  Vs	  cooled)	  
•	  OrientaQon	  (exposiQon	  &	  cold	  wind	  consideraQon)	  
•	  %	  percentage	  of	  glazing	  and	  the	  locaQon	  of	  the	  windows	  
•	  According	  with	  the	  ho`est	  period	  and	  prevalent	  wind,	  which	  windows	  should	  
be	  operable	  to	  assure	  venQlaQon	  
	  



 
h`p://andrewmarsh.com/so,ware/sunpath-‐on-‐map-‐web/	  
h`p://andrewmarsh.com/so,ware/app-‐shading/	  
h`p://andrewmarsh.com/so,ware/app-‐daylight/ 
http://web.mit.edu/jaimelee/Public/ECOTECT_TUTORIAL_Fall09.pdf 
http://bim.rootiers.it/node/143 
h`p://comfort.cbe.berkeley.edu/EN	  
www.nrel.gov/docs/fy08osQ/43156.pdf	  
h`p://www.tranebelgium.com/files/book-‐doc/13/en/13.ibowhx58.pdf	  
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