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TODAY’S WEBINAR TOPIC 
 

Green Building & Urban Heat Island 
Mitigation: A New Look at Old Sustainability 
Strategies 
 

Speaker: 
 
 David Sailor, Ph.D. 
 Professor, Mechanical & Materials 
 Engineering 
 Director, Green Building Research 
 Laboratory 
 Portland State University 
  
 

For more information: www.climatecommunities.us January 26, 2012 

 
 
 
 
 
 

PACE Financing News 
 

Federal District Court Orders FHFA 
to Conduct Rulemaking Procedure 

 
FHFA violated the federal 

Administrative Procedures Act when 
it issued its July 6, 2010 statement; 

opportunity for public comment 
 

More details to follow … 

Upcoming Grant Opportunities 

EPA Brownfields Multi-Purpose Pilot Grants - Due Feb. 10, 2012 
www.epa.gov/brownfields/news/index.htm 

 
NFWF Five Star Restoration Grants - Due Feb. 15, 2012 

www.nfwf.org/fivestar 
 

EPA Environmental Justice Small Grants - Due Feb. 29, 2012 
http://www.epa.gov/environmentaljustice/grants/ej-smgrants.html 

 
NEA Our Town Grants - Due Mar. 1, 2012 

www.nea.gov/grants/apply/OurTown/index.html 
 

Funders Network for Smart Growth & Livable Communities’  
Local Sustainability Matching Fund - Due Mar. 5, 2012 

www.fundersnetwork.org/participate/green-building/local-sustainability-matching-fund 
 

HUD Choice Neighborhoods Implementation Grants - Due Apr. 10, 2012 
www.hud.gov/cn 

http://www.epa.gov/environmentaljustice/grants/ej-smgrants.html
http://www.epa.gov/environmentaljustice/grants/ej-smgrants.html
http://www.epa.gov/environmentaljustice/grants/ej-smgrants.html
http://www.hud.gov/cn
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Upcoming Webinars 

February 2, 2012 
PACE Financing - A New Opportunity for Residential Retrofits? 

 
February 9, 2012 

TBD 
 

February 16, 2012 
Funding Energy Efficiency and Renewable Energy Projects with 

EDA Grants 

Recorded Webinar and PowerPoint Archive 
 

All 2011-2012 recorded webinars and PowerPoints are available at: 
www.climatecommunities.us/webinars.html 

 
 

 

http://www.climatecommunities.us/webinars.html
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Asking Questions 

 At any point during the 
presentation, you can type 
your question into the 
question text box and click 
send. All questions will be 
read aloud and answered at 
the end of the presentations, 
as long as time permits.  

Green Building and Urban Heat 
Island Mitigation: 

a new look at old sustainability strategies 

Climate Communities Webinar 
January 26, 2012 

 

David J. Sailor, Ph.D. 
Professor, Mechanical & Materials Engineering 
Director, Green Building Research Laboratory 

Portland State University 
 

sailor@pdx.edu 
 

mailto:sailor@.pdx.edu
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Some Popular Sustainability Strategies 

• At Roof Level 

– Green or vegetated roofs 

– White (cool) roofs 

– Photovoltaic roofs 

 

• At Street Level 

– Shade trees 

– Pervious pavements 

– White (cool) pavements 

 

8 
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Roofs and the Building Sector 

~ 20-30% of urban surface area… 

~ 40 % of all energy consumption and CO2  

emissions… 

~ 1/3 of building energy use is for heating 

and cooling… 

 

What role can roofs play in reducing building 

net energy use and improving the 

atmospheric environment? 

9 

D. Summers, Glumac  

Causes of Heating/Cooling Loads in Buildings 

• Indoor energy use (lighting & plug loads) 

• Ventilation and infiltration of outdoor air 

• Solar heat gain through windows 

• Conduction through walls 

• Conduction through roof 

10 
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conservationtechnology.com 

Most roofs have insulation ranging from R12 to R35  
depending upon age and location of construction.  
 
This limits the relative magnitude of energy conducted through the roof. 

Solar radiation 

Emitted thermal 
radiation 

Conduction into building 

Conventional Roof – Day 

Tsurf   = Tmembrane ~ 120-150 o F 

12 

Heats up rapidly during summer day… 

Conventional Roof -- Night 

…but cools off rapidly at night. 
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“Cool” White Roof -- Day 

Tsurf  = Tmembrane  ~ 90-110 o F 

13 

Doesn’t heat up as much during 
summer day… 

“Cool” White Roof -- Night 

…and cools off significantly at night. 

Green Roof-- Day 

Tsurf  ~ 90-110 o F 
Tmembrane  ~ 80 – 100 o F 

14 

Doesn’t heat up much during 
summer day… 

Green Roof- Night 

…but remains warm at night due 
to stored heat. 
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Many studies have measured green roof impacts on 
roof temperatures… 

 
… some studies have measured heat flux… 

15 

Student Union, 
Univ. Central Florida. 

J. Sonne, FSEC 

Temperature 

Heat Flux 

16 

Green roof is warmer by ~20 oF 
at night 

Green roof is ~30-40 o F cooler 
during a summer day. 
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“green roofs can reduce rooftop heat transfer by 10-
40%!” 
 
…but we are interested in whole building energy use… 
 
 
Rooftop heat flux interacts with… 
 
 *  time-varying internal loads 
 *  thermostat schedules and occupancy 
 *  infiltration and ventilation 
 *  seasonal weather 

17 
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Sailor, 2008 

Sailor, D.J., 2008, Energy and Buildings 40 (8), 1466-1478. 
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Green Roof  
Energy Modeling 

• Green Roof Energy Calculator 

– http://greenbuilding.pdx.edu/grcalc.html 

– Version 2.0 (2011) 

19 Sailor, D.J., 2008, Energy and Buildings 40 (8), 1466-1478. 

• Standard in EnergyPlus 

– Starting with v 2.1 in April 2007 

 

Green Roof Energy Performance Summary 

• Acts as added insulation in winter 

• Reduces cooling loads in summer, but… 
– adds thermal mass and can keep building warm at night 

• Has relatively modest energy benefits for well-
insulated roofs 

• Has many other benefits… 
– Stormwater 

– Habitat 

– Noise abatement 

– Urban heat island… 

20 

http://greenbuilding.pdx.edu/grcalc.html
http://greenbuilding.pdx.edu/grcalc.html
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The Urban Heat Island 

Solar radiation  

Evaporative 
cooling 

Long-wave radiation (LW) 
Waste heat (Qf) 

Sensible heat (S) 

Thermal storage (G) 

21 

Central Eastside  
Industrial District (CEID) 

Sailor, 2004. 

Green Roofs and the UHI – Portland Oregon 

• Central eastside roofs 
developed over time 
to 100% green by 
2050 ? 
 

• Use atmospheric 
modeling to estimate 
air temperature 
impacts 

22 
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Results: Heat Island Reduction (Portland, OR) 

23 

CT o

air 8.0ºD
Contours by 0.2 o C 

Modified  
region 

Other Green Roof – UHI Studies 

• New York City 
– Green roofs could reduce average surface 

temperatures ...by as much as 0.8 o C  (1.4o F ) 
ƛŦ рл҈ ƻŦ ǘƘŜ ŎƛǘȅΩǎ Ŧƭŀǘ ǊƻƻŦǎ ŀǊŜ ƎǊŜŜƴŜŘΦ 

 

 

• Toronto 
– Combination of green roofs and urban 

vegetation can reduce air temperatures by 1 to 
2 oC (1.8-3.6 oF). 
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PV and the Urban Energy Balance 

25 

PV and  
Green Roof 
Integration 

• Green roof – PV interactions 
– PV efficiency = f(T) 

– Vegetation health/diversity & shading 

– UHI implications (counteracting effects) 

• NSF project at Portland State 
– Wamser, Sailor, Rosenstiel 

– 16 panels & 4 test roof sections 

26 
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Roof design affects sensible heating of the 
urban environment 

Scherba et al., 2010 
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Street-level Strategies 

~ 20-30% of urban surface area… 

 

What role can paved surfaces and shade 

trees play in reducing building net energy 

use and improving the atmospheric 

environment? 

29 

Challenges at the Street-Level 

• High albedo pavements are often shaded by vehicles, 
trees, and buildings. 

– So, increasing albedo of paving (20% of surface) by 0.3 has 
a net effect much less than 6% reduction in absorbed solar 
radiation 

– Importance of surface moisture and stormwater varies 
from city to city making it difficult to compare porous 
paving products to high albedo products 

– High albedo paving can actually INCREASE energy 
consumption in buildings for air conditioning… 

30 
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High Albedo Paving 

• More surface area than roofs, 
but partially shaded 

 

• Glare questions during day, 
but better visibility at night 

 

• Potential adverse impacts on 
air conditioning 

 

31 See:  Yaghoobian et al., 2010, JAMC  
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Window glass 

An observation about UHI mitigation 
 ƛƴ ƎŜƴŜǊŀƭΧ 

32 
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Atmos. Chem. 

ki  
Transport/diffusion 

Mixing depth 

Fluxes/emissions: 
Heat, moisture, and pollutants 

UHI Mitigation Lowers Urban Boundary Layer 
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Sailor, Kalkstein, and Wong, 2002. 
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Some final thoughts… 

• Energy performance of green roofs varies with factors 
such as growing media, plants, local climate, and building 
construction/insulation. 

• Green roofs can contribute to UHI mitigation, but this is 
complicated by thermal storage issues. So, membrane 
roofs (of any color) may have some advantages… 

• Street-level UHI mitigation is complicated by shading 
issues and the potential of high-albedo surfaces to 
adversely impact building energy use. 

• UHI mitigation in general has complicated interactions 
with the urban climate system, and mixing heights, in 
particular. 

 
35 

Questions? 
 

sailor@pdx.edu 

 

36 



1/26/2012 

19 

Asking Questions 

 At any point during the 
presentation, you can type 
your question into the 
question text box and click 
send. All questions will be 
read aloud and answered at 
the end of the presentations, 
as long as time permits.  

   

Questions? 
 

 

 

 

 


