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ABSTRACT AND OBJECTIVES
The first objective of the project was to design, build and experimentally verify the functionality of a new concept of a combination of a constructed wetland and a green roof using greywater for irrigation. The second objective
was to design and test a growing media for an extensive green roof with an addition of recycled materials based on construction recyclate and pyrolysed sewage sludge in the form of biochar, in accordance with the principles of
circular economy. The hydrophysical characteristics of the proposed substrate mixtures were determined and two were selected for use on wetland-extensive green roof areas. Water balance, water chemistry and vegetation
condition were monitored in relation to the addition of biochar.

ACKNOWLEDGEMENTS
The research was carried out within the REVOZIM project supported by the Centre for Advanced

Materials and Efficient Buildings CAMEB (TN01000056) |Technology Agency of the Czech

Republic.

REFERENCE LIST
IPCC, “IPCC 2014: Climate Change 2014: Synthesis Report”

D. Li, E. Bou-Zeid, a M. Oppenheimer (2014). The effectiveness of cool and green roofs as urban heat island mitigation strategies. Environ. Res. Lett., vydání 9, č. 5.

S. Pradhan, S. G. Al-Ghamdi, a H. R. Mackey (2019). Greywater recycling in buildings using living walls and green roofs: A review of the applicability and challenges. Sci. Total Environ., vydání 652, p. 330–344.

E. Ghisi a D. F. Ferreira (2007). Potential for potable water savings by using rainwater and greywater in a multi-storey residential building in southern Brazil. Build. Environ., vydání 42, no. 7, p. 2512–2522.

S. Cascone a kol. (2019). Green roof design: State of the art on technology and materials. Sustainability, vydání 11. p. 3020.

P. Ghisellini, C. Cialani, a S. Ulgiati (2016). A review on circular economy: The expected transition to a balanced interplay of environmental and economic systems. J. Clean. Prod., vydání 114, p. 11–32.

M. Smol, P. Marcinek, J. Duda, a D. Szołdrowska (2020). Importance of Sustainable Mineral Resource Management in Implementing the Circular Economy (CE) Model and the European Green Deal Strategy.

K. Kuoppamäki & S. Lehvävirta (2016). Mitigating nutrient leaching from green roofs with biochar. Landsc. Urban Plan., vydání 152, p. 39–48.

CONCLUSION
Vegetation in both plots of the hybrid wetland-extensive green roof is thriving well and greywater irrigation has not had a negative impact. Due to the higher nutrient supply, the biochar plot has more vegetation development and

therefore higher evapotranspiration and lower runoff. However, higher concentrations of nutrients are released from the biochar area in response to rainfall.
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MATERIALS AND METHODS
• Two growing media selected for testing on experimental plots of wetland-extensive green roofs

• Biochar produced by pyrolysis of sewage sludge. Construction recyclate with a predominant
proportion of brick rubble

• Two experimental plots differing only in growing media composition (P1: with biochar and P2:
without biochar

• Each experimental plot has two main parts: a constructed wetland and an extensive green roof

• Constructed wetland: flooded area of horizontal-flow filter filled with 50 l of expanded clay
fraction 8-16 mm and planted with wetland vegetation

• Green roof: stainless steel bathtub at a 5 % slope covered with geotextile, 5 cm of mineral wool,
10 cm thick layer of growing media and a stonecrop vegetation mat (5-8 species, 2.5 – 4.0 cm thick)

• The plots irrigated with pre-treated greywater (GW) originating from basins and showers stored in
a storage tank after pre-treatment with membrane and aeration technology by ASIO AQUALOOP

• Irrigation once a day by pumping 10 l (5.4 mm) into the constructed wetland, then evenly
distributed on the green roof via the overflow

• Hydrophilic mineral wool with water storage and distribution function on the green roof

• Water measurement of wetland inflow , green roof runoff, humidity and green roof temperature

• Conducted a water quality sampling survey at various points of the experimental plots (storage
tank, constructed wetland, green roof runoff)

RESULTS AND DISCUSSION

Water balance
• Different runoff response to the same irrigation regime
• From P1 biochar plot flows less water than from P2
• The likely cause is higher evapotranspiration (ET) due to

greater vegetation development on the biochar plot
• Biochar rich in nitrogen and phosphorus nutrients supports

vegetation development
• Evapotranspiration corresponds to an irrigation rate of 3.2

mm/day

Water quality
• The irrigation method, where water is distributed by mineral

wool after overflowing onto the green roof, does not cause
nutrients to leach out of the biochar

• In response to rainfall, the concentration of the nutrients
nitrogen and phosphorus in the runoff from the biochar plot
P1 increases significantly. In the plot P2 without biochar,
there is no increase

• Constructed wetland is effective in nutrient removal
• Compared to the greywater storage tank, the nutrient

content is reduced at the outflow from the green roof
• Nutrient concentrations are low compared to the literature

(Kuoppamäki and Lehvävirta, 2016), but due to irrigation
there is a larger total runoff volume

Outflow from the 
biochar plot

Outflow from the 
non-biochar plot

• Newly designed substrates in terms of hydrophysical
characteristics comparable to commercially available variants

• The most pronounced moisture changes in response to
irrigation observed in mineral wool, limited response in the
growing media. Vegetation mats without response. Response
to rainfall is inverse

• Maximum temperatures in the lower part of the
experimental green roof layer reached around midnight ->
shifted by about 12 hours compared to air temperature.
Minimum temperatures in the mineral wool generally
reached around 8 to 10 am
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ACRE 

light*

ACRE 

heavy*

Optigreen E 

light**

Optigreen E 

heavy**

WHC [%] 41,6 35-55 40-50 min 35 min 35

Bulk density dry

[kg/m3] 822 480–900

900–

1100 min 750 min 1000

Bulk density at max 

WHC [kg/m3] 1238

900–

1400

1400–

1600 max 1450 max 1800
pH 6,5-7,0 6,5-8,5 6,5-8,5 6,0-8,0 6,0-8,0


