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Green roofs
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Green roofs hydrological performance
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Trondheim (TRD)
63.40°N, 10.43°E
Attitude 112 m
Facing East

Vegetation mat (Sedum) 30 mm
Textile retention fabric 10 mm
Asphalt roofing

Ex1st1ng roof structure
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Bergen (BER)
60.39°N, 5.33°E
Attitude S m

Facing East

— Vegetation mat (Sedum) 30 mm

sandnes (SAN) 1L6m d

58.86°N, 5.76°E ) — SubStI'atC 50 mm

:;xc.:::; :;:Em — Draipage layqr . 25 mm
— Textile retention fabric 5mm

— Asphalt roofing
- Ex1st1ng roof structure
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Annual Retention [excluding winter]:
* 50% (Trondheim)

* 33% (Oslo, Sandnes)
* 22% (Bergen)

Peak reduction [excluding winter,
median values]:

* 85% (Trondheim)

* 65% (Oslo)

* 85% (Sandnes)

* 80% (Bergen

Facing North

Annual Retention [excluding winter]:
* 50% (Trondheim)

* 31% (Oslo, Sandnes)
e 24% (Bergen)

Peak reduction [excluding winter,
median values]:

 85% (Trondheim)

* 65% (Oslo)

* 85% (Sandnes)

 80% (Bergen
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! Measured m summer

— Paving stone (200 x 200 x 70 mm)
— Lightweight aggregates (200 mm)
— Protective geotextile

— Asphalt roofing

— Existing roof structure
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Annual Retention [excluding winter]:

e 10%

Peak reduction (median):
* 95%

T

— Vegetation mat (Sedum - 30 mm)
— Textile retention fabric (10 mm)
— Drainage layer (25 mm)

—— Protective geotextile
 Asphalt roofing
| Existing roof structure
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Annual Retention [excluding winter]:
e 37%

Peak reduction (median):
e 81%
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Understanding the hydrological performance of green and grey roofs during ==
winter in cold climate regions

Noélie Maurin * , Elhadi H.M. Abdalla®, Tone Merete Muthanna ", Edvard Sivertsen *

* SINTEF Commumity, Infrastructure, 5.P. Andersens veg 3, 7031 Trondheim, Norway
" Norwegian University of Science and Technology, Civil and Environmental Engineering, S.P. Andersens veg 5, 7031 Trondheim, Norway

HIGHLIGHTS GRAPHICAL ABSTRACT

+ A snow model was found suitable for
modelling snow melt of green and grey

Rain-on-snow event
roofs. Rain event .
« Developed a method to separate winter #£4 f;, &
events into rain, melt and rain-on-snow :}jl,g}, & ¥
events a@k} T g W
s Rain-on-snow events have the longest Melt event .ﬁ,f} v :_:'ﬂ'-,"“ A

duration and yield highest peak runoff.
« Green and grey roofs can manage rain-
on-snow if designed properly.
High
roof runoff

Medium
roof runoff
Low
roof runoff
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Havri ngen, Trond heim — Vegetation mat (Sedum - 30 mm)

— Textile retention fabric (10 mm)
— Drainage layer (25 mm)

— Protective geotextile

— Asphalt roofing

_ Existing roof structure

— Paving stone (200 x 200 x 70 mm)
— Lightweight aggregates (200 mm)
— Protective geotextile

Z = 5 N* Bt — Asphalt roofing
e SeBSSEES E SRS — Existing roof structure
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Challenges in determining winter
performance
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Snow melt
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Precipitation

Snow ﬁ
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Liquid snow

Melted water leaving the
snowpack on to the roof

Roof temporal storage Roof’s outflow




miill Calibration and validation of the model
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Verification of the model results during a
snow-covered period

Snow water equivalent
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Event
sl characteristics

* Rain-on-snow are longer than other
events -> more amount

* Rain events have higher average and
maximum intensity
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reduction)

Paving stone (200 x 200 x 70 mm)
Lightweight aggregates (200 mm)
Protective geotextile

Asphalt roofing

Existing roof structure

I

— Vegetation mat (Sedum - 30 mm)
— Textile retention fabric (10 mm)
— Drainage layer (25 mm)

— Protective geotextile

- Asphalt roofing

- Ex1st1ng roof structure
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Summer vs Winter performance (peak
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sl  Summer vs Winter performance (peak Runoff)

type . Rain i Melt @ Rain-on-sno w
Jun - Sep Oct - May

. . . o — edian = 0. Median = 1.5

 Median peak runoff is approximately 3 times ~ E°| T e J
. . . = @
in winter (4.8 I/min) compared to summer 5 :
. .2 =3

(1.4 1/min) for the green roof 5 * ﬁ |
* Median peak runoff is approximately 2 times . Hi2p R - r—

in winter (1.5 I/min) compared to summer
(0.7 I/min) for the grey roof.
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* Green and grey roofs outperform black roof in
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°
sl |ce formation on roofs

* |ce Formation on Roofs: Caused by heat
leakage, melting snow refreezes into ice dams
and icicles.

* Consequences: Structural damage, safety
hazards, and water leaks inside buildings.

* Drainage Debate: Internal systems reduce ice
but increase stormwater volume; external
systems reduce stormwater pressure.

* Green Roofs: Improve insulation and reduce
heat leakage, but their impact on ice
formation is not well-studied dar-icice-diagnostics

Source: https://www.infrareddiagnostic.com/service/ice-

Teknologi for et bedre samfunn


https://www.infrareddiagnostic.com/service/ice-dam-icicle-diagnostics
https://www.infrareddiagnostic.com/service/ice-dam-icicle-diagnostics
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Melt due to heat leakage:
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Results: impact of climate location & thermal
sl insulation

Bergen Bodg Hamar Kristiansand Kristiansund Trondheim

Days with Freezing Events per year
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Impact of green
& Leca roofs

e Little impact on well-insulated
roofs

* Retrofitting poorly-insulated roofs
with Leca might provide a win-win
solution for both ice formation &
stormwater ?
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Kristiansand

Kristiansund

Trondheim




sl Take home messages

* Assessing winter performance for green
roofs is essential in cold climates

* Green and grey roofs have higher peaks
in winter (2-3 times) compared to
summer, but still better than standard
black roofs

* Retrofitting poorly-insulated roofs with
Leca might provide a win-win solution for
both ice formation & stormwater
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