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Social challenge: Climate change

Some climate risks

Loss of 

biodiversity

Increase 

of flood 

events

Increase 

of heat 

islands

Worsening 

of water 

quality

Increases 

of 

droughts





THE ECOLOGICAL TRANSITION BASICS



THE PRESENT
Conventional scheme

Fonte:  Masi et al. (2018)



The smart circular city 

of the future (next?)



Assets for climate change 

adaptation:  the 3 pillars 



Circular economy and ES scheme

Greywater close-loop recycling

Big saving in water supply 
demand (easy to reduce by 
50%)



• Dense 

urbanisation, 

often no area 

for NBS 

solutions

• Lack of land 

for centralised 

treatment 

plants

• Availability of 

greywater –

100 lt/pe.day



WHY GREYWATER 

RECYCLING?

• With the exclusion of excreta-contamined water 
(blackwater) all the domestic consumption can 
generate greywater, up to 70-75% of the total every 
single day

• Much more biodegradable and with faster kinetics for 
the organic compounds degradation 

• The demand of recycled water can be easily linked to 
the production capacity (close loop decentralized 
approach)

• Extremely high economic advantages in not mixing it 
with the blackwater, especially in terms of Natural 
Capital conservation 





Constructed Wetlands
A complex equilibrium



Multipurpose Design



“Tentative” list of NBS co-benefits

Biodiversity increase

Flood mitigation

Aesthetic and Landscaping

Heat island reduction

Water recovery

Nutrient recovery

Energy recovery

CO2 storage



Greywater Treatment: HF CWs



Hostel campus of the College of Engineering, Pune (India):

40 m3/d   

38000 m3 of tap water saved in 2019 (for a value of about 7500 USD)

Circular economy and ES 
scheme

Greywater recycling outdoor



Beduine Village in Westbank,  Palestine: 70-120 pe. Segregation, treatment and reuse

of greywater for irrigation of olive trees and bushes for goats fodder. About 1500 m3 of 

water per year produced for irrigation

Circular economy 
and ES scheme

Greywater 
recycling outdoor



Circular economy and ES scheme

Greywater recycling by rooftop 
biofilters/wetlands



Resort in Grumenti community, 

Serengeti Park (Tanzania): 4 m3/d

Circular economy and ES scheme

Greywater recycling by rooftop 
biofilters/wetlands



Circular economy and ES scheme

Greywater recycling by 
Greenwalls



Green walls / 

VERTICAL GARDENS
� Air filtration + O2 production 

and CO2 storage

� Reduced energy costs + 

positive microclimate effects

� Increased biodiversity

� Reduced noise pollution

� Increased building longevity

� Aesthetics

� Wastewater treatment?

Beirut, by Patrick Blanc



Beach resort Marina di Ragusa (Italy)

Circular economy and ES scheme

Greywater recycling by Greenwalls





Maharashtra Jeevan Pradhikaran  

(PUNE) VERTICAL GARDEN FOR 

GW TREATMENT  - experimental 

setup
• Pots filled by: line 1- LECA+Cocopeat  line 2 – LECA+Sand



Mjp pune results 

• LECA (0-4 mm) alone 

(Phase I) makes the 

influent flashing down 

too fast and the 

performances are not 

satisfactory

• The mix of LECA with 

Cocopeat or Sand 

improves the 

performances to an 

acceptable level

• Cocopeat offers 

advantages over Sand: 

weight, cost, source of 

nutrients, .......  
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SUPERGREEN

(SUstainable Purification of

wastewatER with GREEN

walls) project financially

supported by

Compagnia di San Paolo.



CW for greywater: SUPERGREEN



CW for greywater: SUPERGREEN 
+ NICE



� Base medium: Different mixes of coconut coir (C) and

perlite (P) (Prodanovic et al., 2018) were tested to

identify a good compromise between drainage time and

specific weight.

Laboratory setup

TESTED 

MIXES:

� 90% C –

10% P

� 80% C –

20% P

� 70% C –

30% P

� 60% C –

40% P

PerliteCoconut

� The introduction of additional materials for enhancing treatment was also
tested:

� compost: 20%

� polyacrylate (hydrogel): 20%

� biochar: 20%

� biochar + polyacrylate: 20% + 20%

� activated carbon: 10%



Laboratory setup

�Pilot system: 6 metallic panels (1m x 1m), with a 3 × 4 matrix of

pots filled with different growing media.



SUPERGREEN results

� Our pilot system was tolerant to GW up to HLR=700 L/m2/d (very high, VF CWs 

usually designed for 80 L/m2/d)

� The best performance was achieved for BOD and E. coli, with removal efficiency 

close to 100%.

� COD removal was initially lower but increased over time (possibly due to biological 

effects).

� TN and TP show limited removed, but inflow concentrations were low.

� In view of Italian legislation limit

� COD, BOD5, and TN met

� E.Coli not met even with very high efficiencies � tertiary disinfection unit 

(e.g. UV lamp) needed, as usually done for reuse of wastewater treated by 

NBSs

� Removal efficiency (e.g., COD) may improve by adding biochar (and polyacrylates)  



CW for greywater: NAWAMED



CW for greywater: NAWAMED



CW for greywater: NAWAMED



Case Study –General description



Case Study –General description



Case Study – Final results

Canna indica

INLET

Gravel

Phragmytes



Case Study – Conclusion



CW for greywater: NAWAMED



Case Study –General description

SWM House- Green wall



Case Study – Dimensioning

Pumping setup
Greywater 

Tank

SWM

House

4 Toilets

Google map Position: 

36°49’53’’N ; 10°10’56’’E



Case Study – Conceptual design



Case Study – Final results



Case Study – Final results



Case Study – Final results



Case Study – Final results



CW for greywater: NAWAMED



Nature-based –solutions (NBS) for sustainable water management 
integrated in a circular economy approach

Building this future is up to you !



“a proficient lecture is 

not filling up a bucket, 

it’s lighting a fire”

thanks for your 

attention !!!

contacts: fmasi@iridra.com


