
Cool	
  Surfaces:	
  A	
  U.S.	
  Perspec3ve	
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Global	
  Cool	
  Ci3es	
  Alliance	
  (GCCA)	
  
	
  
The	
  Global	
  Cool	
  Ci-es	
  Alliance	
  is	
  dedicated	
  to	
  advancing	
  policies	
  
and	
  ac-ons	
  that	
  increase	
  the	
  solar	
  reflectance	
  of	
  our	
  buildings	
  and	
  
pavements	
  as	
  a	
  cost-­‐effec-ve	
  way	
  to	
  promote	
  cool	
  buildings,	
  cool	
  
ci-es,	
  and	
  to	
  mi-gate	
  the	
  effects	
  of	
  climate	
  change	
  through	
  global	
  
cooling.	
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Global	
  Cool	
  Ci3es	
  Alliance	
  (GCCA)	
  
	
  
•  Opera-ng	
  Agent	
  for	
  U.S.	
  Department	
  of	
  Energy	
  in	
  the	
  GSEP	
  

Cool	
  Roofs	
  and	
  Pavements	
  Working	
  Group.	
  
	
  

•  Working	
  with	
  20+	
  ci-es	
  through	
  the	
  Cool	
  Ci-es	
  Network.	
  
	
  

•  Webinar/discussion	
  series	
  	
  
	
  

•  Research	
  agenda	
  
•  Cool	
  roofs	
  and	
  reducing	
  mortality	
  during	
  extreme	
  heat	
  

events	
  
•  Urban	
  heat	
  island	
  policy	
  survey	
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U.S.	
  Roofing	
  Market	
  at	
  a	
  Glance	
  
	
  

•  Residen-al:	
  	
  ~172	
  billion	
  sq.	
  W.	
  of	
  roofs	
  installed	
  
•  Mostly	
  steep	
  sloped	
  roofs	
  
•  80%	
  covered	
  with	
  asphalt	
  shingles	
  

	
  
•  Commercial:	
  ~45	
  billion	
  sq.	
  W.	
  roofs	
  installed	
  	
  	
  
•  3-­‐4	
  billion	
  sq.	
  W.	
  installed	
  each	
  year	
  (new	
  and	
  exis-ng	
  

buildings)	
  
	
  

•  Overall	
  demand	
  for	
  roofing	
  expected	
  to	
  grow	
  5.7%	
  per	
  year	
  
	
  

•  Cool	
  roofs	
  make	
  up	
  about	
  10	
  billion	
  sq.	
  W.	
  (roughly)	
  of	
  the	
  flat	
  
roof	
  market	
  and	
  growing.	
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What	
  is	
  Driving	
  the	
  U.S.	
  Cool	
  Surface	
  Market?	
  
	
  

•  Energy	
  Efficiency	
  
	
  
•  Building	
  Comfort	
  

	
  
•  Health	
  Impacts	
  of	
  Urban	
  Heat	
  Islands	
  

	
  
•  Peak	
  Electricity	
  Reduc-ons	
  

	
  
•  Global	
  Warming	
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What	
  is	
  a	
  cool	
  surface?	
  
	
  
•  Surfaces	
  that	
  reflect	
  lots	
  of	
  solar	
  

energy	
  and	
  release	
  lots	
  of	
  stored	
  
heat	
  energy	
  (i.e.,	
  white	
  roofs,	
  light-­‐
colored	
  pavements)	
  
	
  

•  Vegetated	
  surfaces	
  that	
  provide	
  
shade	
  or	
  cooling	
  through	
  
evapotranspira-on	
  (i.e.,	
  green	
  
roofs,	
  urban	
  canopy,	
  permeable/
pervious	
  pavement)	
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How	
  cool,	
  reflec3ve	
  roofs	
  work	
  	
  

Cool	
  surfaces	
  are	
  measured	
  by	
  how	
  much	
  light	
  they	
  reflect	
  (solar	
  
reflectance)	
  and	
  how	
  long	
  they	
  hold	
  heat	
  (thermal	
  emieance).	
  	
  

Air	
  Temperature	
  37°C	
  (99°F)	
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Almost	
  all	
  roofs	
  have	
  a	
  cool	
  op3on	
  

See	
  Page	
  24	
  and	
  25	
  of	
  the	
  Toolkit	
  for	
  more	
  details	
  and	
  examples	
  

Asphalt	
  Shingle	
  (predominant	
  residen-al	
  roof	
  type	
  in	
  U.S.)	
  
•  Lasts	
  15-­‐30	
  years	
  
•  Cool	
  Op-ons:	
  white	
  or	
  light	
  grey	
  shingles	
  

Clay	
  or	
  Concrete	
  Tiles	
  (clay	
  shown)	
  
•  Lasts	
  30	
  –	
  50+	
  years	
  
•  Cool	
  Op-ons:	
  terracoea,	
  cool	
  colored	
  pigment	
  or	
  white	
  

Metal	
  Roofs	
  (oWen	
  found	
  on	
  commercial,	
  industrial	
  and	
  some	
  low-­‐income	
  residen-al)	
  
•  Lasts	
  20	
  –	
  50+	
  years	
  
•  Cool	
  Op-ons:	
  white/cool	
  coated	
  or	
  painted	
  metal	
  (factory	
  or	
  on-­‐site)	
  

Built-­‐Up	
  Roof	
  (mul-ple	
  layers	
  covered	
  by	
  ballast	
  or	
  smooth	
  membrane)	
  
•  Lasts	
  10	
  –	
  30	
  years	
  
•  Cool	
  Op-ons:	
  white	
  gravel	
  ballast	
  or	
  white	
  smooth	
  membrane	
  



Not	
  just	
  white	
  –	
  there	
  are	
  cool	
  colors	
  too!	
  

Cool	
  color	
  op;ons	
  exist	
  to	
  
suit	
  nearly	
  any	
  aesthe;c	
  
requirement.	
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Cool	
  roof	
  costs	
  are	
  comparable	
  to	
  dark	
  roofs	
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The	
  Benefits:	
  	
  More	
  efficient	
  buildings	
  
	
  

•  Cool	
  roofs	
  can	
  cut	
  AC	
  energy	
  use	
  by	
  up	
  to	
  20	
  percent	
  on	
  the	
  top	
  
floor	
  of	
  condi-oned	
  buildings	
  –	
  oWen	
  avoiding	
  cooling	
  loads	
  at	
  
the	
  most	
  expensive	
  -mes	
  of	
  the	
  day.	
  	
  	
  	
  	
  
•  $735	
  million	
  in	
  annual	
  energy	
  costs	
  savings	
  in	
  U.S.	
  commercial	
  buildings	
  

	
  
•  Cooler	
  surface	
  temperatures	
  may	
  help	
  the	
  roof	
  and	
  the	
  

equipment	
  on	
  it	
  last	
  longer.	
  
	
  

•  Cooler	
  intake	
  air	
  means	
  AC	
  works	
  less,	
  and	
  EE	
  contributes	
  to	
  
downsizing	
  the	
  AC	
  units.	
  



Cooling	
  Degree	
  Days	
  
Cape	
  Town	
  –	
  1048	
  
Pretoria	
  –	
   	
  1845	
  
Durban	
  –	
   	
  2254	
  
Kimberly	
  –	
   	
  2001	
  
Polokwane	
  –	
  1477	
  

NYC	
  -­‐	
  
1171	
  

Atlanta
-­‐	
  1743	
  

Houston-­‐	
  
2667	
  

Chicago-­‐	
  
1040	
  



Net	
  energy	
  cost	
  savings	
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Source:	
  Levinson	
  &	
  Akbari,	
  2010	
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The	
  Benefits:	
  	
  More	
  comfortable	
  buildings	
  
	
  

•  Cool	
  roofs	
  allow	
  less	
  heat	
  into	
  the	
  building,	
  making	
  
uncondi-oned	
  homes,	
  warehouses,	
  and	
  other	
  buildings	
  much	
  
cooler.	
  
	
  

•  India	
  pilot	
  study:	
  	
  internal	
  “felt”	
  temperature	
  decreased	
  by	
  ~3	
  -­‐	
  
4	
  degrees	
  Celsius	
  with	
  cool	
  roof.	
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The	
  Benefits:	
  Cooler	
  ci3es	
  
	
  

•  Cooling	
  effect	
  will	
  vary	
  by	
  city,	
  but	
  studies	
  indicate	
  a	
  cooling	
  
poten-al	
  of	
  2	
  to	
  4°C.	
  	
  	
  

	
  
•  Peak	
  load	
  reduc-ons,	
  par-cularly	
  on	
  cri-cal	
  heat	
  days	
  

•  UHI	
  accounts	
  for	
  5	
  –	
  10%	
  of	
  U.S.	
  peak	
  electricity	
  demand	
  for	
  A/C	
  
•  2-­‐4%	
  more	
  AC	
  demand	
  for	
  every	
  1°C	
  above	
  20°C	
  

	
  
•  Beeer	
  air	
  quality.	
  

•  A	
  study	
  of	
  Los	
  Angeles	
  found	
  that	
  cooler	
  surfaces	
  and	
  shade	
  trees	
  could	
  
cut	
  unhealthy	
  air	
  by	
  up	
  to	
  12	
  percent	
  –	
  a	
  $104M	
  opportunity.	
  
	
  

•  Greater	
  resiliency	
  to	
  extreme	
  heat	
  and	
  improved	
  quality	
  of	
  life	
  



Urban	
  Fabric	
  above	
  tree	
  canopy	
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Ci3es	
  are	
  especially	
  hot,	
  thanks	
  to	
  the	
  urban	
  heat	
  
island	
  effect	
  

•  Human	
  ac-vity,	
  combined	
  with	
  dark	
  
roofs	
  and	
  pavements,	
  make	
  ci-es	
  
hoeer	
  than	
  surrounding	
  rural	
  areas.	
  
	
  

•  Higher	
  temperatures	
  lead	
  to	
  greater	
  
energy	
  use,	
  lower	
  air	
  quality,	
  and	
  a	
  
reduced	
  quality	
  of	
  life	
  in	
  urban	
  areas.	
  

Pavements	
  

Vegeta3on	
  

Roofs	
  

Other	
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Peak	
  electricity	
  load	
  and	
  temperature	
  

Adapted	
  from	
  Sailor,	
  D.	
  J.	
  2002.	
  Urban	
  Heat	
  Islands,	
  Opportuni-es	
  and	
  Challenges	
  for	
  Mi-ga-on	
  and	
  Adapta-on.	
  Sample	
  Electric	
  Load	
  
Data	
  for	
  New	
  Orleans,	
  LA	
  (NOPSI,	
  1995).	
  North	
  American	
  Urban	
  Heat	
  Island	
  Summit.	
  Toronto,	
  Canada.	
  1–4	
  May	
  2002.	
  Data	
  courtesy	
  
Entergy	
  Corpora-on.	
  

5-­‐10%	
  of	
  peak	
  
electric	
  demand	
  
for	
  AC	
  use	
  is	
  due	
  
to	
  the	
  urban	
  
heat	
  island	
  

effect	
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Air	
  quality	
  and	
  temperature	
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Source:	
  Maryland	
  Commission	
  on	
  Climate	
  
Change	
  

EPA	
  Compliance	
  Std	
  =	
  75	
  

Transi-on	
  Zone	
  

Up	
  to	
  20%	
  of	
  U.S.	
  smog	
  concentraAons	
  are	
  due	
  to	
  urban	
  heat	
  islands	
  



Extreme	
  Heat	
  Events	
  

Frequency	
  of	
  mul--­‐day	
  occurrences	
  of	
  the	
  most	
  offensive	
  air	
  
masses	
  is	
  increasing	
  rapidly	
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A	
  real-­‐world	
  example	
  of	
  regional	
  cooling	
  

The	
  whitewashed	
  
greenhouses	
  of	
  
Almeria,	
  Spain	
  have	
  
cooled	
  the	
  region	
  by	
  
0.8	
  degrees	
  Celsius	
  
each	
  decade	
  compared	
  
to	
  surrounding	
  regions,	
  
according	
  to	
  20	
  years	
  
of	
  weather	
  sta-on	
  
data.	
  

Source:	
  	
  Google	
  Earth	
  	
  



The	
  Benefits:	
  Global	
  Cooling	
  
	
  	
  

•  Whitening	
  100	
  m2	
  of	
  gray	
  roofing	
  cancels	
  the	
  
warming	
  effect	
  of	
  10	
  tons	
  of	
  CO2	
  emissions	
  (or	
  0.6	
  
tons	
  per	
  year	
  for	
  the	
  life	
  of	
  the	
  roof)	
  

	
  
•  Globally,	
  cancels	
  500	
  medium	
  sized	
  coal	
  power	
  

plants	
  worth	
  of	
  greenhouse	
  gas	
  emissions.	
  (more	
  
than	
  CFL	
  deployment)	
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Cool	
  pavements	
  
	
  	
  
Pavements	
  are	
  a	
  major	
  
part	
  of	
  the	
  urban	
  
fabric	
  –	
  nearly	
  40%.	
  
	
  
Benefits:	
  UHI	
  
reduc-ons,	
  less	
  street	
  
ligh-ng,	
  	
  

17°C	
  Cooler	
  



Cool	
  Surface	
  Policies	
  in	
  the	
  U.S.	
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Samples	
  of	
  city	
  cool	
  roof	
  
policies	
  
	
  

City-­‐wide	
  codes	
  and	
  ordinances	
  
•  New	
  York	
  City,	
  Philadelphia,	
  Washington	
  DC,	
  

Chicago,	
  Houston	
  
	
  

Incen3ves	
  
•  Toronto	
  rebate	
  program	
  	
  
•  Portland	
  permitng	
  incen-ves	
  
•  Philadelphia	
  coolest	
  block	
  contest	
  
	
  

Volunteer	
  programs	
  
•  New	
  York	
  City	
  
	
  

Climate	
  adapta3on	
  /	
  UHI	
  strategies	
  	
  
•  Houston,	
  Dallas,	
  Melbourne,	
  London	
  	
  
	
  

Government	
  building	
  specifica3ons	
  	
  
•  Washington	
  DC	
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Mandatory	
  Codes/Ordinances	
  
	
  
•  IECC	
  2012	
  
•  Mandatory	
  for	
  Climate	
  Zones	
  1-­‐3	
  

	
  
•  California	
  Title	
  24	
  
•  SR>	
  0.7,	
  TE>	
  0.75	
  
	
  

•  Florida	
  (commercial	
  buildings	
  only)	
  
•  SR>	
  0.65,	
  TE>	
  0.8	
  
	
  

•  Chicago,	
  Washington	
  DC,	
  NYC,	
  Houston,	
  Philadelphia,	
  Dallas	
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Voluntary	
  Standards	
  /	
  Credits	
  
	
  
•  Energy	
  STAR	
  
•  Low	
  slope:	
  Ini-al	
  SR	
  >	
  0.65,	
  Aged	
  SR	
  >	
  0.50	
  
•  Steep	
  slope:	
  Ini-al	
  SR	
  >	
  0.25,	
  Aged	
  SR	
  >	
  0.15	
  

	
  
•  LEED	
  Sustainable	
  Sites	
  Credit	
  7.2	
  
•  Energy	
  STAR	
  compliant	
  roofing	
  over	
  75%	
  of	
  roof	
  area	
  earns	
  

credit	
  
	
  

•  Green	
  Globes	
  
	
  

•  ASHRAE	
  90.1	
  &	
  90.2	
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Incen3ves	
  
	
  
•  Rebates	
  –	
  about	
  40	
  different	
  rebates,	
  some-mes	
  as	
  part	
  of	
  

whole	
  building	
  efficiency	
  programs	
  or	
  stand-­‐alone	
  as	
  reflec-ve	
  
roof	
  incen-ves	
  
	
  

•  Fast-­‐track	
  permitng	
  
	
  

•  Land	
  use	
  easements	
  –	
  allowances	
  to	
  build	
  on	
  more	
  of	
  the	
  land	
  
area	
  than	
  currently	
  allowed	
  etc.	
  
	
  

•  Efficiency	
  loan	
  programs	
  in	
  13	
  states–	
  matching	
  the	
  lifecycle	
  
benefits	
  to	
  costs.	
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Other	
  support	
  programs	
  
	
  
•  Public	
  awareness	
  programs	
  

	
  
•  Training	
  (architects/designers,	
  code	
  officials,	
  and	
  implementers)	
  

	
  
•  Volunteer	
  programs	
  

	
  
•  Government	
  procurement	
  policies	
  
	
  
•  Monitoring	
  and	
  measuring	
  progress	
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Case	
  Study:	
  New	
  York	
  
•  Goal:	
  	
  Cool	
  NYC	
  by	
  1	
  degree	
  

•  $100M	
  in	
  energy	
  cost	
  savings	
  per	
  year	
  
•  300K	
  tons	
  of	
  GHG	
  emissions	
  reduced	
  per	
  year	
  

	
  
•  High-­‐level,	
  public	
  commitment	
  by	
  Mayor	
  

Bloomberg	
  backed	
  by	
  inter-­‐agency	
  
coordina-on	
  
	
  

•  Robust	
  volunteer	
  efforts	
  
	
  

•  Cool	
  roof	
  ordinance,	
  health	
  	
  
ini-a-ves,	
  heat	
  vulnerability	
  	
  
mapping	
  etc.	
  
	
  

•  Innova-ons	
  in	
  monitoring	
  and	
  measuring	
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The	
  Cool	
  Roofs	
  and	
  Pavements	
  Toolkit	
  
www.CoolRoofToolKit.org	
  
•  Descrip-ons	
  of	
  the	
  science,	
  the	
  benefits,	
  and	
  the	
  

costs	
  of	
  cool	
  surfaces.	
  

•  Simple	
  steps	
  to	
  implement	
  programs	
  and	
  policies	
  
drawn	
  from	
  global	
  best	
  prac-ces.	
  

•  Links	
  to	
  sample	
  materials	
  and	
  relevant	
  
organiza-ons.	
  

•  A	
  comprehensive	
  “knowledge	
  base”	
  of	
  research,	
  
best	
  prac-ces,	
  code/ordinance	
  language,	
  sample	
  
program	
  materials.	
  

•  Coming	
  soon:	
  	
  a	
  global	
  expert	
  forum	
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Thank	
  You!	
  
	
  
Kurt	
  Shickman	
  
Execu-ve	
  Director	
  
Global	
  Cool	
  Ci-es	
  Alliance	
  
kurt@globalcoolci-es.org	
  
GlobalCoolCi3es.org	
  /	
  CoolRoofToolKit.org	
  
001-­‐202-­‐550-­‐5852	
  


