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Green Roofs  

 What is the year-round potential for energy 

conservation? 

• To answer this question: 

– Data and modeling for each season 

– Impact on air intake temperatures 

– Potential for biodiverse roofs 





Temperature Oct – Dec 2007 



Temperature Oct – Dec 2007 



Dec 2006 through March 2007 



Dec 2006 through March 2007 









Simulated Cooling on a Representative Volume 

 Comparisons between the Green and White Roof  

Based on Measured Heat Fluxes (bars represent loads; lines represent hours of operation)  
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Simulated Heating on a Representative Volume 

 Comparisons between the Green and White Roof 

Based on Measured Heat Fluxes (bars represent loads; lines represent hours of operation)  

0

20000

40000

60000

80000

100000

120000

2006/10 2007/01 2007/04 2007/07 2007/10 2008/01 2008/04 2008/07

S
e
n

s
ib

le
 H

e
a
ti

n
g

 E
n

e
rg

y
 (

k
W

h
)

0

100

200

300

400

500

600

700

800

H
o

u
rs

 R
e
q

u
ir

e
d

 (
h

)

Green

White 1

Green

White 1



Summer Air Temperature on Chicago Walmart Roof 

 

 

• Summer data show signficantly cooler air at RTUs on green roof side 

 

• Translates to energy savings in space conditioning 
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Date 

RTU Air Temperature Difference (F) btw Intakes on White and Green Roof 
(Positive number means green roof air was cooler) 

Air Temp Diff 
at RTUs 

Air Temp Diff 
at AHUs 



Winter Air Temperature on Chicago Walmart Roof 

 

 

• Winter data show warmer air at RTUs on green roof side 

 

• Translates to energy savings in heating 
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Improved Simulated Performance  

Green Roof vs. Standard (White) Roof 
(includes impact of cooler air temperatures at RTU) 

Houston Chicago 

% REDUCTION % REDUCTION 

COOLING 10% 15% 

HEATING (GAS) 12% 11% 

TOTAL 

REDUCTION 3.1% 5.3% 



Energy Results (conclusions) 

• Recent data show increasing savings from 
green roof.  Higher cooling savings from 
green roof expected as white roof becomes 
weathered/dirty (likely since power washing is 
too expensive to pay back quickly) 

• For full green roof, 0.5 – 5.3% annual savings 
expected in a range of climates 

• Much of the savings came from heating 

• Greater savings achieved in modelling 
southern location 

 

 



Green Roof Sites 

Sedum  
U of T Earth Sciences NOW Magazine 

Jazz Condos 401 Richmond St. W 



Green Roof Study Sites 

Broadleaf / Mixed 
Mountain Equipment Co-Op Ryerson University 

Toronto City Hall 215 Spadina Ave. 



The basic principle to improve the 
habitat quality for the most species: 
 
Planning of a diverse substrate 
distribution on the green roofs. 

Improving habitat quality by varying the substrate thickness. 

Source: Green roof Competence Centre University of Applied Sciences Wädenswil 

www.greenroofs.org 



Distribution of Solar Energy on Two 

Different Landscapes 

Kravcik et al 2007, www.waterparadigm.org 



  

Reflected

Heat

Evapotranspiration

Photosynthesis (2%)

(42%)

(41%)

(15%)

The distribution of solar energy during the growing 

season in the Hubbard Brook Forested Ecosystem  
(From Bormann and Likens, 1978) 

Courtesy of James Kay 



Surface temperature and ecosystem 

development 
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Luvall and Holbo (1989) 



Quarry Clearcut Douglas Fi r
Plantation

Natural
Regrowth

400  year  old
Douglas Fi r

Forest

K*  (w/m2) 718 799 854 895 100 5

L*  (w/m2) 273 281 124 124 95

Rn (w/m2) 445 517 730 771 830

T   (oC) 50. 7 51. 8 29. 9 29. 4 24. 7

Rn/K* (%) 62 65 85 86 90

where 
Rn

 = K*- L*        L*= e [s(T)4] 

Rn/K*: % of net incoming solar radiation used by the ecosystem.   

 



Benefits of Biodiverse Roofs 

• Summer 

– Increased 

evapotranspiration  

– Cooler surfaces 

– Increased insulation 

over some areas 

• Winter 

– reduces wind speed 

and hence wind chill 

– Perhaps better at 

holding snow 

 

http://r20.rs6.net/tn.jsp?e=001CYbBf8k7abBOccN7aivbU9tXYsALkBtW320XDvkdoCMLkYotKlt2ICXYeT8A1fJvU_57OR7e7O4metCw4Px5cZyA5NXWF4RxVnShCNREGsncw7OyMFD4sfT5XbF-VGTfVrgrjOZs2KV4r7AIcBj61GG5lMraj_Ql


Conclusions and Acknowledgments 

• Reduce energy 

consumption in all four 

seasons 

• Exact Savings depend on 

a range of factors 

• Small summer savings 

may underestimate true 

value 

• Biodiversity increases 

savings but exact amount 

requires further research 
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