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Abstract

European Aggregates Association Annual Review reported that the Northwestern European
countries (Belgium, France, Germany, Netherlands, and the UK) produce 90% of recycled
aggregates and 67% of artificial aggregates in Europe. Partially replacing the natural materials
with coarse recycled and artificial materials for substrate and drainage layers of green roof
systems can be considered as a viable solution to lessen the environmental impact by
preserving natural resources in Northwestern Europe. On the other hand, water permeability is
one of the main indicators for green roof materials. In this study, some materials available in the
Northwestern European markets were selected and their water permeability was measured
according to German FLL guidelines. This study also answered the question: to what extent can
the water permeability be provided for the substrate and drainage layers by the inclusion of
recycled and artificial materials than by conventional green roof materials? For the drainage
layer, different coarse granular aggregates were suggested: Recycled Coarse Aggregate (RCA),
Incinerated Municipal Solid Waste Aggregate (IMSWA) and Lightweight Expanded Clay
Aggregate (LECA). The results were compared with the Natural Coarse Aggregate (NCA). For
the substrate layer, the water permeability of commercial substrate materials with and without
coarse recycled materials was measured and compared to each other. The results showed that
NCA offered a water permeability 1.5 times higher than LECA, although the results of RCA and
IMSWA did not differ significantly. Moreover, the water permeability of the substrate with and
without coarse recycled materials was within the guidelines' range, indicating that they met the
water passing criteria for the substrate layer.

Keywords: water permeability; recycled and artificial aggregates; green roof; substrate layer;
drainage layer.

Introduction

Green roofs are a technology that is gaining popularity in urban areas because of the numerous
advantages they offer. Their capacity to restore biodiversity in cities is one of these advantages
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(Ishimatsu and Ito 2013; Madre et al., 2014; Sadler et al., 2011). The substrate and drainage
layers of green roofs are often created with a high percentage of aggregate and a minimal
amount of organic material. This eliminates additional roof weight while offering a low-nutrient
growing substrate ideal for green roof vegetation (Kazemi and Courard 2020; Molineux et al.,
2009; Nagase and Dunnett 2011). The addition of soil and its accompanying clay fraction can
cause to reduce the water transmissivity, or an abundance of organic matter can lead to
decreasing the water passing ability of the substrate layer (Snodgrass and Snodgrass 2006). To
avoid the anaerobic conditions brought on by compacted soils, the aggregate component gives
the growth substrate physical properties such as ideal free-draining capabilities and adequate
aeration (Snodgrass and Snodgrass 2006).

The water passing ability of drainage and substrate layers of a green roof was found to be
influenced by their materials’ shape and type (Kazemi and Courard 2021b; Stovin et al., 2013;
Szota et al., 2017; Vijayaraghavan 2016). Researchers assessed the green roof substrate layer's
water permeability to make sure that it has the capacity to buffer water (Carrera et al., 2022;
Graceson et al., 2014; Hill et al., 2016; Karczmarczyk et al., 2017). Concerning this, Hill et al.
(2016) demonstrated that the reduced air entry pressures in the green roof due to the substrate's
permeability changed the substrate layer's non-linear maximum water capacity through its depth.
The water permeability of the green roof system was decreased by reducing the particle size of
materials used for the substrate layer, as reported by Olszewski and Young (2011). Stovin et al.
(2015) showed that the use of Lightweight Expanded Clay Aggregate (LECA) for the substrate
layer enhanced the permeability and shortened the water retention time of the green roof system
due to its high porosity, rounded shape, and uniform size. According to a study by Miller (2003),
the water permeability and detention periods of green roof systems increased as the number of
tortuous pathways for water to go through the substrate layer decreased. To improve the
permeability of green roof systems, when the reservoir of the drainage layer has reached a
certain level of water, any excess water should be drained away, as revealed by Brunetti et al.
(2016). Low bulk density and adequate permeability are two desirable physical properties of a
substrate for a green roof (Graceson et al., 2014; Hill et al., 2016). Substrate permeability is a
crucial characteristic for a stormwater reduction since it affects how much rainwater runs off of
green roofs (De-Ville et al., 2018). In general, the water permeability for the substrate layer of a
green roof is measured according to German FLL guidelines (2018), which are widely accepted
on a global scale. In the climate of the European region, The goals of these guidelines for
substrate performance are most applicable to green roof technologies (Ampim et al., 2010;
Dvorak 2011; Kazemi and Mohorko 2017).

The overuse of natural aggregates in the building industry has impacted the environment in
recent decades, and it is estimated that the construction sector consumes around 7.5 billion
tonnes of aggregates yearly (Madandoust et al., 2019; Meyer 2009; Saberian et al., 2019).
These natural aggregates are commonly used for building envelopes such as green roof
systems. To solve this issue, there are substitutes for natural materials that can be utilized for
green roof layers, such as secondary resources like recycled and artificial materials and
aggregates (Coma et al., 2014; Kazemi et al., 2021; Kazemi et al., 2022; Rincén et al., 2014).
These materials' high porosity can affect the leakage of water from substrate and drainage
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layers and the water permeability of green roof systems. Moreover, the recycled coarse
aggregates contribute to applying a lower load to the top of structures due to their lower bulk
density and lighter weight, as suggested to be taken into account in the roofing configuration
(Teemusk and Mander 2009).

Kazemi et al. (2021a; 2021b; 2022) have already assessed the thermal resistance of green roof
layers (substrate and drainage layers), including different coarse recycled materials, where the
Rc-value was assumed as a thermal resistance indicator (Kazemi et al. 2021). The impact of
commercially available substrates on hydrolytic characteristics has already been studied by
researchers (Bengtsson 2005; Berretta et al., 2014; Morgan et al., 2013; Volder and Dvorak
2014). It is also worthy to evaluate the water permeability of alternate recycled and artificial
materials for use in green roof layers (Mickovski et al., 2013; Molineux et al., 2009; Kazemi and
Courard 2021a). A recent study was proposed by Kazemi et al. (2022): it considered the water
permeability as another indicator, and assessed the water draining ability of different recycled
and artificial materials for substrate and drainage layers of roofing systems. The results have
been taken into account in this paper.

Materials and Method

According to the availability of commercial materials in Northwestern European countries, some
criteria were assumed to choose recycled and artificial materials for the substrate and drainage
layers of green roof systems. The water permeability was measured and the German FLL
guidelines (2018), providing performance standards for building green roof systems, were used
to control the substrates' water permeability values. In addition to this, the two-sample t-test
method (t;.s:) Was used according to ISO 3301 (1975) to compare the results of water
permeability of different materials together.

Screening and Selecting the Tested Materials

According to the European Aggregates Association Annual Review (UEPG 2021), it is estimated
that 273 and 63 million tons of recycled and artificial aggregates have been produced
respectively by European countries. Northwestern European countries (Belgium, France,
Germany, Netherlands, and the UK) have accounted the highest amount of production: 248.4
million tons of recycled aggregates and 42.4 million tons of artificial aggregates (90% of recycled
aggregates and 67% of artificial aggregates in Europe).

Since the recycled and artificial aggregates could be used for the drainage and substrate layers
of green roof systems, this study only focused on these aforementioned layers. Some criteria
were taken into account to choose materials for the drainage and substrate layers: commercial
materials, high porosity, lightweight, recycling, and artificial productions. After that, for each
layer, the water permeability of suggested materials was compared with that of the control
material for that layer. Considering this, three types of coarse recycled and artificial aggregates
were chosen for the drainage layer: Recycled Coarse Aggregate (RCA), Incinerated Municipal
Solid Waste Aggregate (IMSWA), and Lightweight Expanded Clay Aggregate (LECA). The
results of aforementioned coarse aggregates for the drainage layer were compared to the
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Natural Coarse Aggregate (NCA) as a control granular coarse aggregate. The size of coarse
aggregates was about 7 mm.

For the substrate layer, the Zinco substrate containing organic matter, recycled bricks, and tiles
(SP) was selected. The result of SP was compared to the substrate without coarse recycled
materials (SC) as a control soil.

Material Characteristics

The properties of the substrate and drainage layers' materials (Table 1). The properties of other
materials were measured by Kazemi et al. (2021a; 2021b; 2022a; 2022b). The ratio of the
volume of void spaces and pores in dry materials to the overall volume is known as porosity.
Also, Kazemi et al. (2021a; 2021b; 2022a; 2022b) described how the water absorption coefficient
of green roof layers' materials could be determined following the EN 1925 (1999), respectively.

Table 1. Properties of substrate and drainage layer materials.

Materials ID SC SP NCA RCA IMSWA LECA
Density (kg/m?) 1075 1001 1437 1165 1147 439

Porosity (%) 48.2 48.63 41.67 4956 47.26 55.08
Water absorption coefficient (kg/m?.s°%) - - 0.026 0.072 0.067 0.107

Water Permeability Measurement

The water permeability was evaluated in accordance with ISO 17892-11 (2019) for evaluating
the capacity of green roof materials to drain water. The water permeability values of the
materials were measured, and those for substrates were controlled in accordance with German
FLL guidelines (2018). According to German FLL guidelines (2018), the substrate layer of a
green roof should have a water permeability between 10-°-1.17x10* m/s. Moreover, the
materials were submerged in water continuously for 24h up to the testing date.

To obtain the water permeability (k) of materials, Eq. (1) was used:
k= 2xLt (1)
A Ah
where Q is the flow rate in m%/s, A is the cross-sectional of specimen in m?, L is the specimen’s
length in m, and Ah is the water head difference between the water level in the reservoir and that

out of specimen in m.

The results were the average of three specimens, so the standard deviation (SD) value for each
specimen was calculated in order to evaluate the scatter of the data. It was necessary to
determine for each layer if the suggested materials had the same water permeability as the
control material or not. Therefore, the outcome of the substrate with coarse recycled materials
(SP) and the control substrate without coarse recycled materials was compared (SC). Also,
IMSWA, RCA, and LECA's water permeability value for the drainage layer was compared to that
of the coarse control aggregate (NCA).
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According to ISO 3301 (1975), the two-sample t-test method (t-test) was employed to determine
whether or not the unknown population means of two materials are equal. To compare the mean
values of two materials, this method can take sample size (n) and standard deviation (SD) into
account (Daya 2003; Gonen et al. 2005).

The pooled standard deviation (S,), which may be determined using Eq. (2), can be used to

estimate the standard deviation of the two materials together.
— ((—1)SD})+((n;~1)SDF)

Sp = (2)

Tl1+nz—2

where n4 and n, represent the number of materials from the first and second groups whose
findings were used to calculate their standard deviation (SD1 and SDy).

Eq. (3) can be used to calculate the value of t;,;:
_ Difference of two materials’ averages _ (%,—%;)

Lrest™ 3
test Standard error of dif ference s [t 1 ( )
P\ni ny

where the average values for the first and second groups of materials are x; and x,,
respectively.

Considering a 95 percent confidence level (a = 0.05), the t-value was taken from the f:.s table
provided in ISO 3301 (1975) in order to compare the test statistic to the outcome of the t-test
method. The degrees of freedom (dy) were derived using Eq. (4):

dr = n1+ny-2 (4)

The mean of the suggested materials and the reference material can be taken to be equal with a
95% confidence level when the results of the t-test method for two materials are smaller than the
t value extrapolated from the t.s table. In any other case, there is a difference between the
means of the two.

Results

Physical Characteristics of Materials for Green Roof Layers

A comparison of porosity and density of substrate and drainage materials for green roof systems
(Figure 1). Regarding porosity, for the drainage materials, the results of 41.67 percent, 47.26
percent, 49.56 percent, and 55.08 percent were obtained for NCA, IMSWA, RCA, and LECA,
respectively. So, the highest and lowest porosities were obtained for the LECA and NCA,
respectively. Within the limits of porosity specified for the sandy surface soils (35 percent — 50
percent) and finer textured soil (40 percent - 60 percent) (Hao et al. 2008), SC and SP's
porosities of 48.2 percent and 48.63 percent, respectively, were compatible and there was no
discriminant difference between the substrate porosity with and without coarse recycled
materials (48.63% vs. 48.2%).
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Figure 1. Density and porosity of materlals.

According to the results, NCA, IMSWA, RCA, and LECA had coarse granular aggregates with
densities of 1436.56, 1147.26, 1164.47, and 439.35 kg/m?, respectively. Therefore, contrary to
the results of porosity, the highest and lowest densities were obtained for the NCA and LECA,
respectively. For the substrate layer, the SC's density was roughly 10% higher than that of SP.

Water Permeability Results

The water permeability values for the drainage and substrate materials (Figure 2). The water
permeability of granular aggregates such as NCA, IMSWA, RCA, LECA, SC, and SP was,
respectively, about 3.8x103, 4.3x103, 4.1x103, 2.5x103, 2.6x10° and 1.7x10° m/s. Their
respective standard deviation (SD) values were 3.42x104, 4.86x10%, 1.15x10%, 6.2x10,
8.7x107, and 3.6x107, respectively.
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The analysis of the water permeability test using the two-sample t-test method is shown in Table
2 and is derived using Eq. (3): IMSWA, RCA, and LECA fs values of 1.487, 1.536, and 6.785,
respectively, were obtained in comparison to NCA. Compared to SC, the corresponding value for
SP was 15.855.

Since n4 and n; added up to 6, and the results were the average of three samples, drwas equal
to 4 using Eq. (4). From the fis: table, the t value was taken out, and it was found to be 2.132
with a 95% confidence level. The tswst result for SP (15.855) was higher than 2.132, showing that
the mean water permeability for SC was higher than that for SP. The tes results for IMSWA and
RCA (1.487 and 1.536) were less than 2.132, as shown in Table 2, suggesting that their water
permeability was similar to NCA. The t-test value between LECA and NCA, however, was 6.785
and was higher than 2.132. It means that LECA and NCA had different behaviors.

Table 2. Results for the water permeability test using the two-sample test method.

Materials NCA IMSWA RCA LECA SC SP
trost - 1.487 1.536 6.785 - 15.855
Discussion

The results of the fst method showed that even though the aggregate types varied, IMSWA and
RCA's water permeability means were the same as those of the NCA: more than the coarse
aggregates’ type, air voids between the aggregates were determinant their water permeability
performance. Considering that the water permeability of the aforementioned materials was
nearly the same, it is recommended to use IMSWA and RCA for the drainage layer as the use of
these recycled materials are more economical and can decrease the burden on the environment
by reducing the natural resource extractions.

According to the results, there was a difference in the water permeability between NCA and
LECA, as indicated by the f.st method's result between the two (6.785). The water permeability
between the NCA (3.8x10 m/s) was roughly 1.5 times greater than that of LECA (2.5%x10 m/s).
Compared to NCA (41.67%), LECA has a higher porosity (55%). Moreover, compared to the
NCA, which was made of crushed coarse materials, LECA was made of rounded expanded clay
aggregates. Consequently, LECA's water permeability performance was lower than that of NCA.
It can be due to physical characteristics and the rounded shape of LECA, resulting lower water
passing ability for the drainage layer of green roof systems.

The substrate layer of the green roofs was adequately able to transmit water thanks to the soil
materials (SC and SP), as the water permeability of SC and SP was found to be 2.6x10° and
1.7x10° m/s, respectively, which was within the limit specified by FLL guidelines (2018). The
findings of the twst demonstrated that the mean water permeability for SC was higher than that for
SP, with values of 2.6x10° and 1.7x10° m/s, respectively. The former had a water permeability
almost 1.5 times greater than the latter. The porosity of SC (48.2 percent) and SP did not differ
significantly (48.63 percent). As Miller (2003) discovered, the difference can be attributed to
resource of coarse recycled materials for SP, which provided tortuous channels for water to pass
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through the substrate layer and subsequently reduce the green roof systems’ water passing
ability. Because of this, in SC, the water may easily pass through the fine soil particles. However,
the SP prohibited easily moving water through the substrate layer by partially replacing these
fine particles with coarse recycled materials. As a result, SC had a higher permeability.

Conclusions

This study compared the physical characteristics and permeability of the green roof layers made
of various recycled and artificial aggregates. Based on the results of the experiment, the
following conclusions can be made:

¢ Among different coarse granular aggregates for drainage layers, the lowest density and
highest porosity were obtained with Lightweight Expanded Clay Aggregate (LECA).

e The t-test method showed that SC had water permeability almost 1.5 times greater than SP.
The SC fared better than the SP at allowing water to penetrate through the substrate layer.
However, the water permeability values for SC and SP fell within the permitted range and
they gave the substrate layer of green roofs a necessary water passage ability.

e |IMSWA and RCA performed almost identically to the NCA in terms of water permeability.
Therefore, rather than the coarse particles, the voids between the aggregates were
determinant for water permeability porosity.

Acknowledgments

This research was funded through the University of Liége (U Liége) and ARC grant for
Concerted Research Actions, financed by the French Community of Belgium, Wallonia-Brussels
Federation (CityRoof project: Analogous green roofs for urban ecosystem services (2020-2023)).

References

Ampim, P., Sloan, J., Cabrera, R., Harp, D., and Jaber, F. 2010. “Green roof growing substrates: Types,
ingredients, composition and properties.” Journal of Environmental Horticulture, 28(4): 244-52.
https://doi.org/10.24266/0738-2898-28.4.244.

Bengtsson, L. 2005. “Peak flows from thin sedum-moss roof.” Hydrology Research, 36(3): 269-80.
https://doi.org/10.2166/nh.2005.0020.

Berretta, C., Poé&, S. and Stovin, V. 2014. “Moisture content behaviour in extensive green roofs during dry
periods: The influence of vegetation and substrate characteristics.” Journal of Hydrology, 511:
374-86. https://doi.org/10.1016/j.jhydrol.2014.01.036.

Brunetti, G., Simtnek, J. and Piro, P. 2016. “A comprehensive analysis of the variably saturated hydraulic
behavior of a green roof in a Mediterranean climate.” Vadose Zone Journal, 15(9):
vzj2016.04.0032. https://doi.org/10.2136/vzj2016.04.0032.

Carrera, D., Lombillo, I., Carpio-Garcia, J. and Blanco, H. 2022. “Assessment of different combinations of
substrate-filter membrane in green roofs.” Journal of Building Engineering, 45: 103455.
https://doi.org/10.1016/j.jobe.2021.103455.

Coma, J., Pérez, G., Castell, A. Solé, C. and Cabeza, L. 2014. “Green roofs as passive system for energy
savings in buildings during the cooling period: Use of rubber crumbs as drainage layer.” Energy
Efficiency, 7(5): 841-49.

CitiesAlive: 19" Annual Green Roof and Wall Conference
2022 Conference Proceedings



CITIESALIVE

GREEN ROOF & WALL CONFERENCE
THE HOMECOMING: PHILADELPHIA - OCT 16-19, 2022

Daya, S. 2003. “The t-test for comparing means of two groups of equal size.” Evidence-Based Obstetrics
and Gynecology, 5(1): 4-5. https://doi.org/10.1016/S1361-259X(03)00054-0.

De-Ville, S., Menon, M. Jia, X. and Stovin, V. 2018. “A longitudinal microcosm study on the effects of
ageing on potential green roof hydrological performance.” Water, 10(6): 784.
https://doi.org/10.3390/w10060784.

Dvorak, B. 2011. “Comparative analysis of green roof guidelines and standards in Europe and North
America.” Journal of Green Building, 6(2): 170-91. https://doi.org/10.3992/jgb.6.2.170.

EN 1925. 1999. “Natural stone test methods. Determination of water absorption coefficient by capillarity.”
https://shop.bsigroup.com/ProductDetail ?pid=000000000019973432.

FLL. 2018. “Guidelines for the planning, construction and maintenance of green roofing: Green roofing
guideline.” Forschungsgesellschaft Landschaftsentwickung Landschaftsbau.

Gonen, M., Johnson, W. Lu, Y. and Westfall, P. 2005. “The Bayesian two-sample t test.” The American
Statistician, 59(3): 252-57. https://doi.org/10.1198/000313005X55233.

Graceson, A., Hare, M., Hall, N. and Monaghan, J. 2014. “Use of inorganic substrates and composted
green waste in growing media for green roofs.” Biosystems Engineering, 124: 1-7.
https://doi.org/10.1016/j.biosystemseng.2014.05.007.

Hao, X., Ball, B., Culley, J., Carter, M. and Parkin, G. 2008. “Soil density and porosity.” Soil Sampling and
Methods of Analysis, 2: 179-96.

Hill, J., Drake, J. and Sleep, B. 2016. “Comparisons of extensive green roof media in southern Ontario.”
Ecological Engineering, 94: 418-26. https://doi.org/10.1016/j.ecoleng.2016.05.045.

Ishimatsu, K. and Ito, K. 2013. “Brown/biodiverse roofs: A Conservation action for threatened brownfields
to support urban biodiversity.” Landscape and Ecological Engineering, 9(2): 299-304.
https://doi.org/10.1007/s11355-011-0186-8.

ISO 3301. 1975. “Statistical interpretation of data: Comparison of two means in the case of paired
observations.”
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/00/85/8540.html.

ISO 17892-11. 2019. “Geotechnical investigation and testing: Laboratory testing of soil — part 11:
Permeability tests.” 1ISO. 2019.
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/07/20/72016.html.

Karczmarczyk, A., Baryta, A. and Kozuchowski, P. 2017. “Design and development of low p-emission
substrate for the protection of urban water bodies collecting green roof runoff.” Sustainability,
9(10): 1795. https://doi.org/10.3390/su9101795.

Kazemi, M., Boukhelkhal, I., Kosinski, P. and Attia, S. 2021a. “Heat and moisture transfer measurement
protocols for building envelopes.” Sustainable Building Design Lab.
https://doi.org/10.13140/RG.2.2.30642.53445.

Kazemi, M., Courard, L. and Attia, S. 2021b. “Hygrothermal modeling of green roof made with substrate
and drainage layers of coarse recycled materials.” In Building Simulation 2021 Conference, 1-8.
Bruges, Belgium.

Kazemi, M. and Courard, L. 2021a. “Simulation of humidity and temperature distribution in green roof with
pozzolana as drainage layer: Influence of outdoor seasonal weather conditions and internal ceiling
temperature.” Science and Technology for the Built Environment, 27(4): 509-23.

Kazemi, M. and Courard, L. 2021b. “Modelling hygrothermal conditions of unsaturated substrate and
drainage layers for the thermal resistance assessment of green roof: Effect of coarse recycled
materials.” Energy and Buildings, 250: 111315. https://doi.org/10.1016/j.enbuild.2021.111315.

Kazemi, M. and Courard, L, 2022b. “Modelling thermal and humidity transfers within green roof systems:
Effect of rubber crumbs and volcanic gravel.” Advances in Building Energy Research, 16(3): 296-
321. https://doi.org/10.1080/17512549.2020.1858961.

CitiesAlive: 19" Annual Green Roof and Wall Conference
2022 Conference Proceedings



CITIESALIVE

GREEN ROOF & WALL CONFERENCE
THE HOMECOMING: PHILADELPHIA - OCT 16-19, 2022

Kazemi, M., Courard, L. and Attia, S. 2022a. “Water permeability, water retention capacity and thermal
resistance of green roof layers made with recycled and artificial aggregates.” Received revision
from Building and Environment.

Kazemi, M., Courard, L. and Hubert, J. 2021. “Heat transfer measurement within green roof with
incinerated municipal solid waste aggregates.” Sustainability, 13(13): 7115.
https://doi.org/10.3390/su13137115.

Kazemi, M., Courard, L. and Hubert, J. 2022. “Coarse recycled materials for the drainage and substrate
layers of green roof system in dry condition: Parametric study and thermal heat transfer.” Journal
of Building Engineering, 45: 103487. https://doi.org/10.1016/j.jobe.2021.103487.

Kazemi, F. and Mohorko, R. 2017. “Review on the roles and effects of growing media on plant
performance in green roofs in world climates.” Urban Forestry and Urban Greening, 23: 13-26.
https://doi.org/10.1016/j.ufug.2017.02.006.

Madandoust, R., Kazemi, M., Talebi, P. and de Brito, J. 2019. “Effect of the curing type on the mechanical
properties of lightweight concrete with polypropylene and steel fibres.” Construction and Building
Materials, 223: 1038-52.

Madre, F., Vergnes, A., Machon, N. and Clergeau, P. 2014. “Green Roofs as habitats for wild plant
species in urban landscapes: First insights from a large-scale sampling.” Landscape and Urban
Planning, 122: 100-107. https://doi.org/10.1016/j.landurbplan.2013.11.012.

Meyer, C. 2009. “The greening of the concrete industry.” Cement and Concrete Composites, Sustainability
of Civil Engineering Structures - Durability of Concrete, 31(8): 601-5.
https://doi.org/10.1016/j.cemconcomp.2008.12.010.

Mickovski, S., Buss, K. Blair, McKenzie, M. and S6kmener. B. 2013. “Laboratory study on the potential use
of recycled inert construction waste material in the substrate mix for extensive green roofs.”
Ecological Engineering, 61: 706-14. https://doi.org/10.1016/j.ecoleng.2013.02.015.

Miller, C. 2003. “Moisture management in green roofs.” Proceedings Greening Rooftops for Sustainable
Communities, 29-30 May, Chicago, 1-6.

Molineux, C., Fentiman, C. and Gange, A. 2009. “Characterising alternative recycled waste materials for
use as green roof growing media in the U.K.” Ecological Engineering, 35(10): 1507-13.
https://doi.org/10.1016/j.ecoleng.2009.06.010.

Morgan, S., Celik, S. and Retzlaff, W. 2013. “Green roof storm-water runoff quantity and quality.” Journal
of Environmental Engineering, 139(4): 471-78. https://doi.org/10.1061/(ASCE)EE.1943-
7870.0000589.

Nagase, A. and Dunnett, N. 2011. “The relationship between percentage of organic matter in substrate
and plant growth in extensive green roofs.” Landscape and Urban Planning, 103(2): 230-36.
https://doi.org/10.1016/j.landurbplan.2011.07.012

Olszewski, M. and Young, C. 2011. “Physical and chemical properties of green roof media and their effect
on plant establishment.” Journal of Environmental Horticulture, 29(2): 81-86.
https://doi.org/10.24266/0738-2898-29.2.81.

Rincén, L., Coma, J. Pérez, G. Castell, A., Boer, D. and Cabeza, L. 2014. “Environmental performance of
recycled rubber as drainage layer in extensive green roofs. A comparative life cycle assessment.”
Building and Environment 74: 22-30. https://doi.org/10.1016/j.buildenv.2014.01.001.

Saberian, M., Li, J. Thach Nguyen, B. and Setunge, S. 2019. “Estimating the resilient modulus of crushed
recycled pavement materials containing crumb rubber using the clegg impact value.” Resources,
Conservation and Recycling, 141: 301-7. https://doi.org/10.1016/j.resconrec.2018.10.042.

Sadler, J., Bates, A. Donovan, R., Bodnar, S. Niemela, J. Breuste, J. Guntenspergen, G., Mcintyre, N.
Elmaqyist, T. and James, P. 2011. “Building for biodiversity: Accommodating people and wildlife in
cities.” In Urban Ecology. Patterns Processes and Applications, 392pp.

CitiesAlive: 19" Annual Green Roof and Wall Conference

2022 Conference Proceedings
10



CITIESALIVE

GREEN ROOF & WALL CONFERENCE
THE HOMECOMING: PHILADELPHIA - OCT 16-19, 2022

g & s

Snodgrass, E. and Snodgrass, L. 2006. Green Roof Plants, A Planting and Resource Guide. Timber
Press.

Stovin, V., Poé, S. and Berretta, C. 2013. “A modelling study of long term green roof retention
performance.” Journal of Environmental Management, 131: 206-15.
https://doi.org/10.1016/j.jenvman.2013.09.026.

Stovin, V., Poé, S., De-Ville, S. and Berretta, C. 2015. “The influence of substrate and vegetation
configuration on green roof hydrological performance.” Ecological Engineering, 85: 159-72.
https://doi.org/10.1016/j.ecoleng.2015.09.076.

Szota, C., Fletcher, T., Desbois, C., Rayner, J., Williams, N. and Farrell, C. 2017. “Laboratory tests of
substrate physical properties may not represent the retention capacity of green roof substrates in
situ.” Water, 9(12): 920. https://doi.org/10.3390/w9120920.

Teemusk, A. and Mander, U. 2009. “Greenroof potential to reduce temperature fluctuations of a roof
membrane: A case study from Estonia.” Building and Environment, 44(3): 643-50.
https://doi.org/10.1016/j.buildenv.2008.05.011.

UEPG. 2021. “European Aggregates Association Annual Review 2020-2021.” Brussels.

Vijayaraghavan, K. 2016. “Green roofs: A critical review on the role of components, benefits, limitations
and trends.” Renewable and Sustainable Energy Reviews, 57: 740-52.

Volder, A. and Dvorak, B. 2014. “Event size, substrate water content and vegetation affect storm water
retention efficiency of an un-irrigated extensive green roof system in central Texas.” Sustainable
Cities and Society, 10: 59-64. https://doi.org/10.1016/j.scs.2013.05.005.

CitiesAlive: 19" Annual Green Roof and Wall Conference
2022 Conference Proceedings

11



