Cool Roofs in Cold Climates:
Effect of snow on roof

Hashem Akbari

Heat Island Group
Concordia University, Montreal, Canada

Tel: 514-848-2424 x3201
E_mail: Hashem@HashemAkbari.com, Hashem.Akbari@Concordia.ca

CRRC Meeting, Reno Arizona
13 June 13

Q/”Cbnc‘o'r'dia




Disclaimer

“But oh, I'm just a soul whose intentions are good
Oh Lord, please don't let me be misunderstood”

This presentation is only valid when combined with my
comments.

Please do not quote this presentation.
Published literature are cited.

New materials can be quoted after they are published.
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Winter = Little solar availability

e Lower sun angle

e Cloudier sky

e Shorter daytime hours




Average daily solar radiation: January
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Average daily solar radiation: February
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Average daily solar radiation: April
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Average daily solar radiation: May
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Average daily solar radiation: June

K-

kWh/m¥day
B 10 to

14
10
to 8
to 7
6
5
. |
3
2

8
7
6
5 to
4 to
3
2
0

0 o

TR A E-/; Concordia



Average daily solar radiation: July
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Average daily solar radiation: August
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Average daily solar radiation: September
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Average daily solar radiation: October
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Average daily solar radiation: November
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Average daily solar radiation: December
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Average daily solar radiation: Annual
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Mean winter/summer solar horizontal irradiance

ratio of mean global horizontal solar irradiance
winter / summer

- High : 0.71
L Low:0.086

Source: LBNL Heat Island Group

winter = Dec - Feb
summer = Jun - Aug
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Winter in Montreal
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Little heating penalties for cool roofs

e Low sun availability
e Snow on the roof

e Most heating is in early morning and evening

e All colors look black in dark (night)
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Month Av. Daily
Max. Temp.
(°C)

of
year

Jan.
Feb.
Mar.

Calgary, Alberta weather

l
-3

0
4
11
16
20
23
23

Av. Daily Av. hours Av. Days Av. Depth
Min. Sun with Snow on
Temp. (°C) (per day) Snowfall Ground (cm)
o o <3 &
-15 3.8 10 6
-12 5 8 4
-8 5.7 9 3
-2 7.3 6 1
3 8.2 2 0
7 9.3 0 0
9 10.2 0 0
8 9.1 0 0
4 6.9 2 0
-1 5.8 4 0
-9 4.1 8 2
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Montreal, Quebec weather
Month Av. Daily Av. Daily Av. hours Av.Days Av. Depth

of Max. Temp. Min. Sun with Snow on
year (°C) Temp. (°C) (per day) Snowfall Ground (cm)

i I o <3 &
Jan. -6 -15 3.3 16 15
Feb. -4 -13 4.4 12 18
Mar. 2 -7 5.1 9 13
Apr. 11 1 5.8 3 1
May 19 3 7.4 0 0
Jun. 24 13 3.2 0 0
Jul. 26 16 8.8 0 0
Aug. 25 14 7.8 0 0
Sep 20 9 5.8 0 0
Oct 13 3 4.5 1 0

N. 5 -2 2.9 6 1
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Toronto, Ontario weather
Month Av. Daily Av. Daily Av. hours Av.Days Av. Depth

of Max. Temp. Min. Sun with Snow on
year (°C) Temp. (°C) (per day) Snowfall Ground (cm)

i I o <3 &

Jan. -1 -7 2.8 12 7
Feb. 0 -6 3.9 9 7
Mar. 5 -2 5 6 3
Apr. 11 4 6.2 2 0
May 18 10 7.4 0 0
Jun. 24 15 3.3 0 0
Jul. 26 18 8.9 0 0
Aug. 25 17 7.8 0 0
Sep. 21 13 6.3 0 0
Oct 14 7 4.8 0 0
O

Nov. 7 2 2.8 3
2




Ottawa, Ontario weather
Month Av. Daily Av. Daily Av. hours Av.Days Av. Depth

of Max. Temp. Min. Sun with Snow on
year (°C) Temp. (°C) (per day) Snowfall Ground (cm)

i § 0 & !

Jan. -6 -15 3.3 15 21
Feb. -4 -13 4.4 11 25
Mar. 2 -7 5.2 3 20
Apr. 11 1 6.3 3 2
May 19 3 7.4 0 0
Jun. 24 13 3.4 0) 0)
Jul. 26 15 8.9 0 0
Aug. 25 14 3 0 0
Sep 20 10 5.7 0 0
Oct 12 4 4.4 1 0
5 -2 2.8 5 1
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Winnipeg, Manitoba weather
Month Av. Daily Av. Daily Av. hours Av.Days Av. Depth

of Max. Temp. Min. Sun with Snow on
year (°C) Temp. (°C) (per day) Snowfall Ground (cm)

i § 0 & !

Jan. -13 -23 3.9 12 18
Feb. -9 -19 4.9 8 20
Mar. -1 -11 5.8 7 13
Apr. 10 -2 3 3 3
May 19 5 9.2 1 0
Jun. 23 11 9.4 0) 0)
Jul. 26 13 10.2 0 0
Aug. 25 12 9 0 0
Sep 19 6 6 0 0
Oct 11 0 4.7 2 0
-1 -10 3.1 9 5
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Cooling and heating energy use

Old office New office
a=05 |a=0.2 |a=05 |a=0.2

Chicago

Elec (kWh/m?) 33.0 34.8 25.5 26.6

Gas (kBtu/m?) 342.0 333.9 |229.3 2245

Total ($/m?) 4.51 el (332 088
New York City

Elec (kWh/m?) 31.4 33.3 24.5 25.6

Gas (kBtu/m?) 288.4 282.5 194.4 |190.9

Total ($/m?) 5.75 595 (430 @4
Philadelphia

Elec (kWh/m?) 35.0 37.4 27.0 28.4

Gas (kBtu/m?) 247.6 239.2 |158.4 |153.3

Total ($/m?) 5.61 B 21z
Washington DC

Elec (kWh/m?) 40.0 42.6 30.8 32.2

Gas (kBtu/m?) 195.3 188.0 [119.1 |114.9

Total ($/m?) 3.97 B (288 |8




Annual net energy cost saving per unit
conditioned roof area (S/m?) for a new office

® new office annual energy-cost saving
% 2
ﬁg $/m
E P High : 0.62
| ] Low : -0.04

UNIVERS|TE

Source Levinson and Akbari, Energy Efficiency, DOI 10.1007/s12053-008-9038-2, 2009.
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Annual net energy cost saving per unit
conditioned roof area ($/m?) for an old office

% old office annual anergy-cost saving
S 2
fﬁ §/m
i P High: 172
. Low: 004

; Levmson and Akbari, Energy Efficiency, DOl 10.1007/s12053- 06&9038 2; 2009.
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The effect of snow

e DOE-2 simulations e Snow type
 Flat roof office building » Fresh snow
> New vintage > Packed snow
> Old vintage e Snow duration
e System type > By climate
> Gas heating e Snow thickness
> Electric heat pump > By climate
e System efficiency e Locations
> Standard > Anchorage
> High efficiency > Montreal

> Milwaukee

% > Toronto
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Anchorage: Snow cover and temperature
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Milwaukee: Show cover and temperature
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Montreal: Snow cover and temperature
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Toronto: Snow cover and temperature
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TMY Irradiance and cloud cover
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Heating and cooling energy use:
Anchorage; Packed snow on roof

Gas heating (heating in GJ/100
m?, cooling in kWh/100 m?)

Heat pump (heating and cooling in
kWh/100 m?)

No snow on roof |Snow on roof |No snow on roof |Snow on roof
Case Dark |White |Dark |White |Dark |White Dark White
Old construction with old systems
Heating energy use 85.3 88.1| 83.0 84.1| 12468 12800 11793 | 11885
Cooling energy use 161 141| 161 141 216 135 227 135
Conditioning cost (S) 520 534| 508 512| 1471 1501 1394 1394
Old construction with new systems
Heating energy use 81.4 84.0| 79.2 80.2| 11545 11874 10916| 10990
Cooling energy use 129 113| 129 113 176 105 176 105
Conditioning cost (S) 498 512| 487 491| 1360 1390 1287 1287
New construction with new systems
Heating energy use 60.3 61.4| 60.2 60.5| 8084 8225 8001 8023
Cooling energy use 127 116 127 116 187 148 187 148
Comitioning cost (S) 373 378| 372 373 959 971 950 948

W Concordia




Heating and cooling energy use:
Milwaukee; Packed snow on roof

Gas heating (heating in GJ/100 | Heat pump (heating and cooling in
m?, cooling in kWh/100 m?) kWh/100 m?)

No snow on roof |Snow on roof |No snow on roof |Snow on roof
Case Dark |White |Dark |White |[Dark |White Dark White
Old construction with old systems
Heating energy use 54.2 56.7| 55.3 56.4| 7043 7399 7215 7318
Cooling energy use 1385 1252 | 1385 1252 1359 1167 1359 1167
Conditioning cost (S) 654 670| 666 670 647 660 660 653
Old construction with new systems
Heating energy use 51.7 54.1| 52.8 53.9| 6410 6730| 6560| 6646
Cooling energy use 1113 1005|1113 1005( 1067 913 1067 913
Conditioning cost (S) 610 626| 621 623 576 589 587 582
New construction with new systems
Heating energy use 37.2 38.3| 38.0 38.4| 4330 4460 4436 4465
Cooling energy use 1046 994 | 1046 994 | 1047 971 1047 971
Coré’iioning cost (S) 458 465| 465 465 414 418 422 419
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Heating and cooling energy use:
Montreal; Packed snow on roof

Gas heating (heating in GJ/100
m?, cooling in kWh/100 m?)

Heat pump (heating and cooling in
kWh/100 m?)

No snow on roof |Snow on roof |No snow on roof |Snow on roof

Case Dark |White |Dark |White |Dark |White Dark White
Old construction with old systems
Heating energy use 70.0 73.1| 71.0 72.2| 10053 10492 | 10194| 10289
Cooling energy use 1176 1030|1176 1030( 1176 938 1176 938
Conditioning cost (S) 377 377| 381 373 999 1017 1012 999
Old construction with new systems
Heating energy use 66.8 69.8| 67.7 68.9( 9319 9712 9357 9516
Cooling energy use 944 827 | 944 827 918 730 918 730
Conditioning cost (S) 347 349 | 351 345 911 929 915 912
New construction with new systems
Heating energy use 49.9 51.1| 50.7 51.1| 6623 6798| 6760| 6788
Cooling energy use 874 819( 874 819 854 766 854 766

#litioning cost (S) 274 274 | 278 274 666 673 678 672
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Heating and cooling energy use:
Toronto; Packed snow on roof

Gas heating (heating in GJ/100
m?, cooling in kWh/100 m?)

Heat pump (heating and cooling in
kWh/100 m?)

No snow on roof |Snow on roof |No snow on roof |Snow on roof

Case Dark |White |Dark |White |Dark |White Dark White
Old construction with old systems
Heating energy use 54.2 57.1| 55.7 57.1| 6502 6884 | 6724.3 6850
Cooling energy use 1365 1204 | 1365 1204 | 1436 1182 1436 1182
Conditioning cost (S) 440 445 | 449 445 619 629 637 627
Old construction with new systems
Heating energy use 50.9 53.6| 52.3 53.6| 5686 6056 5883 6020
Cooling energy use 1109 978 (1109 978 | 1117 891 1117 891
Conditioning cost (S) 400 406 | 409 407 531 542 546 539
New construction with new systems
Heating energy use 36.5 37.8| 374 37.9| 4156 4304 4286 4325
Cooling energy use 1024 963 (1024 963 942 867 942 867

305 308 | 310 309 398 403 408 405

Corgicioning cost (9)
g
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4
HEATING ELECTRICAL ENERGY (kWh)

Anchorage

Heating energy use
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Cooling energy use: Anchorage, old office, old VAV system

COOLING ELECTRICAL ENERGY (kWh)
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old VAV system

ice,

, old off

HEATING ELECTRICAL ENERGY (kWh)
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Cooling energy use: Milwaukee, old office, old VAV system

COOLING ELECTRICAL ENERGY (kWh)
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Cooling energy use: Montreal, old office, old VAV system

COOLING ELECTRICAL ENERGY (kWh)
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Y

old VAV system

, old office,

Toronto
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Cooling energy use: Toronto, old office, old VAV system
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Cool roofs and peak demand

e Demand savings of about 0.25 kW per 100 m?

e Down-sizing of AC systems
> Most building systems are designed based on summer load
> Cool roofs allows downsizing of system

> A downsized systems runs more efficiently, even in winter

e |n transitional climates, cool roofs (along with other
measures) may eliminate need for AC

Source: Akbari and Konopacki, Energy Policy, 2005.
Levinson et al. Energy Policy, 2005.
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Roof albedo and moisture

e This problem is solved in cold climates
e WUFI simulations

e Various roofing systems
> Snow on roof

> NO show

e Several climates

e ASHRAE Standard 160 for indoor environment

Moghaddaszadeh Ahrab and Akbari. Building and Environment (2012).
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Roofing types and locations
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Total moisture content of different roofing assemblies in
Anchorage with residential interior condition

Total MC (kg/m?)
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Total moisture content of different roofing assemblies in
Anchorage with office interior condition
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Total moisture content (kg/m?) of self-drying roofs
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Effect of snow on total moisture content of roofs in Anchorage,
Montreal (3 mos snow cover), and Chicago (2 mos snow cover)

Total MC (kg/m?)
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Pointers
Winter penalties are small
Anywhere that cooling is required, a cool roof saves $
Consider installing cool roof first, then AC

Cool roofs, cool the globe, reduce heat islands,
reduce urban smog, and may last longer

Cool roofs reduce the effect of heat storms; save life

Remember for many applications, cool roofs do not

incur any incremental cost
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100m? of a white roof, replacing a dark
roof, offset 25 tonnes of CO, emissions
Akbari et al. 2012. Environ. Res. Lett
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White low-sloped roofs
for AC buildings

« Annual AC savings of ~ 0.5 - 1.0 $/m?; 5 -10 kWh/m?
« Annual CO, savings of 3.8 - 7.5 kg/m?

e CO, savings over 20 years life of roof 75-150 kg/m?
NPV of 20 years AC savings of ~ 7.5-15 $/m?

e Maximum incremental cost for most roofs 2.5 $/m?

A no bratner




Cool-colored steep-sloped roofs
for AC buildings

* Annual AC savings of ~ 0.3-0.5 $/m?; 3-5 kWh/m?
* Annual CO, savings of 2.3 - 3.8 kg/m?

« CO, savings over 20 years life of roof 45-75 kg/m?
« NPV of 20 years AC savings of ~ 4.5-7.5 $/m?

e Maximum incremental cost for most roofs 2.5 $/m?

Go for it




White low-sloped roofs
for non-AC buildings

Global cooling offset: 250 kg/m?

Current value of CO, offset: 25 $/tonne
Global cooling value of white roofs: 6.2 $/m?
Incremental cost for most roofs: 0 - 2.5 $/m?
Give 2.5 $/m? rebate every 10 years

Save the remainder 3.7 $/m?; see it grow to 6.2 $/m?
In 10 years

Does it work?
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