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The  ‘Problem’


• Compact	
  urban	
  forms	
  are	
  said	
  to	
  be	
  more	
  sustainable	
  but	
  ques4ons	
  
about	
  local	
  climate/air	
  quality/comfort	
  consequences	
  remain	
  
• What	
  specific	
  unintended	
  energy,	
  thermal	
  comfort,	
  air	
  quality	
  and	
  
ven4la4on	
  consequences	
  of	
  compact	
  urban	
  form?	
  
• What	
  is	
  known	
  about	
  the	
  interac)ons	
  between	
  these	
  effects?	
  
• Research,	
  policy	
  and	
  prac4ce	
  implica4ons	
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•  Interac4ons	
  between	
  urban	
  form	
  and	
  venFlaFon/shading	
  -­‐	
  to	
  
highlight	
  unintended	
  air	
  temperature,	
  building	
  energy	
  use	
  and	
  
thermal	
  comfort	
  consequences	
  in	
  high-­‐density	
  seMngs	
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Key  lessons  1:  Shading  &  urban  form


• Modern	
  office	
  buildings,	
  even	
  in	
  the	
  
cool,	
  high	
  la4tude,	
  mari4me	
  
climates	
  require	
  cooling	
  during	
  the	
  
day4me	
  period	
  when	
  they	
  are	
  
occupied	
  and	
  func4oning	
  
•  Increasing	
  depth	
  of	
  street	
  canyons	
  
(H:W	
  ra4o)	
  in	
  ‘commercial	
  office’	
  
areas	
  is	
  beneficial	
  @	
  day4me	
  
(maximise	
  solar	
  shade	
  at	
  street	
  
façade)	
  
•  Cau4on	
  against	
  simply	
  minimising	
  
UHI	
  effect	
  

Futcher	
  et	
  al.,	
  2018	
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Shading  &  urban  form  .  .  .


•  Substan4al	
  increase	
  in	
  the	
  
mean	
  intensity	
  of	
  electricity	
  
and	
  fossil	
  fuel	
  use	
  in	
  taller	
  
buildings:	
  
•  ≤5	
  stories	
  vs.	
  ≥21	
  stories	
  leads	
  
to	
  137%	
  increase	
  in	
  energy	
  
intensity	
  and	
  a	
  42%	
  increase	
  in	
  
fossil	
  fuel	
  use	
  per	
  unit	
  of	
  area	
  	
  

•  Increased	
  weather	
  exposure	
  
(e.g.	
  sun,	
  wind,	
  rain,	
  i.e.	
  lack	
  
of	
  shade)	
  is	
  a	
  poten4al	
  
contributor	
  

Godoy-­‐Shimizu	
  et	
  al.,	
  2018	
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Key  lesson  2:  Density  &  cooling  load


•  Superlinear	
  dependence	
  
of	
  total	
  cooling	
  load	
  on	
  
Technomass*	
  in	
  high	
  
density	
  areas	
  	
  due	
  to:	
  
•  Increase	
  in	
  total	
  energy	
  
needs	
  
•  Higher	
  air	
  temperature	
  
due	
  to	
  the	
  UHI	
  effects	
  

Palme	
  et	
  al.,	
  2018	
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*	
  Technomass	
  ≡	
  Total	
  anthropogenic	
  maeer	
  per	
  unit	
  
	
  	
  	
  	
  	
  surface	
  area;	
  to	
  account	
  for	
  urban	
  form	
  and	
  func4on	
  



Key  lesson  3:  Outdoor  comfort  
&  geometry

•  ‘Openness	
  to	
  sky’	
  (ground-­‐level	
  sky	
  view	
  
factor,	
  mSVF)	
  is	
  affected	
  by	
  the	
  quan4ty	
  
of	
  site	
  coverage	
  and	
  mean	
  outdoor	
  
distances	
  
•  mSVF	
  →	
  horizontal	
  (site	
  coverage)	
  or	
  the	
  
ver4cal	
  (building	
  height)	
  density	
  

• Outdoor	
  climate	
  ↔	
  urban	
  form	
  is	
  context	
  
specific	
  
•  in	
  London	
  -­‐	
  depends	
  on	
  site	
  coverage,	
  
complexity	
  and	
  mean	
  outdoor	
  distance	
  
•  in	
  Paris	
  -­‐	
  complexity,	
  mean	
  outdoor	
  distance	
  
and	
  mean	
  building	
  volume	
  

Chatzipoulka	
  &	
  Nikolopoulou,	
  2018	
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Key  lesson  4:  Density,  wind  flow  &  air  polluSon


•  Tall	
  bldgs.	
  lead	
  to	
  wide	
  fields	
  of	
  ‘velocity	
  
deficit’	
  and	
  make	
  it	
  impossible	
  /	
  
meaningless	
  to	
  model	
  the	
  ven4la4on	
  field	
  
of	
  future	
  buildings	
  proposed	
  in	
  the	
  vicinity	
  
problema4c	
  
(Song	
  et	
  al.,	
  2018)	
  

•  Frontal	
  Area	
  Densi4es	
  (planar	
  and	
  
perpendicular	
  to	
  wind	
  direc4on)	
  	
  could	
  
iden4fy	
  ‘wind	
  corridors’	
  and	
  ‘stagnant	
  
pools’	
  (Leo	
  et	
  al.,	
  2018)	
  

Leo	
  et	
  al.,	
  2018	
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Frontal  Area  Density  (perpendicular  to  wind  direcSon)




Lessons  for  pracSSoners


•  Varied	
  building	
  heights	
  
•  Tall	
  buildings	
  freeing	
  up	
  more	
  open	
  space	
  or,	
  
•  ‘simpler’	
  form	
  in	
  4ghter	
  plan	
  densi4es	
  
•  Varied	
  building	
  heights	
  are	
  more	
  or	
  less	
  useful	
  based	
  on	
  street	
  orienta4on	
  

•  Low-­‐energy,	
  low-­‐carbon	
  retrofit	
  op4ons	
  for	
  tall	
  buildings	
  	
  
•  Novel	
  external	
  sun-­‐shading	
  devices	
  
•  ‘modern’	
  wind	
  catchers	
  (Short	
  et	
  al.,	
  2018)	
  

•  Control	
  street	
  geometry	
  in	
  rela4on	
  to	
  func4on	
  
•  Increased	
  H:W	
  is	
  useful	
  in	
  day4me	
  occupied	
  buildings	
  but	
  care	
  needed	
  to	
  
disentangle	
  AQ	
  effects	
  

•  High	
  density	
  areas	
  with	
  a	
  ‘pollu4on	
  problem’	
  
•  Calculate	
  FAD	
  along	
  predominant	
  wind	
  direc4ons	
  to	
  iden4fy	
  ‘hotspots’	
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