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Status of the nine planetary boundaries

Infographic — Prod-ID: INF-140-en — Published 05 Dec 2019 — Last modified 11 May 2020 @ PDF

Topics: Environmentand heaith  Air poliution

Climate change

Biosphere
Integrity Genetic /
St /
sy / Novel entities
Functional
diversity
.
\\
Land system Stratospheric
change ozone depletion
Atmospheric aerosol
Fres:::ator 'l)oadln;
Phosphorus
Ocean
Biogeochemical Nitrogen acidification
flows
B Beyond zone of uncertainty (high risk) B Below boundary (safe)
In zone of uncertainty (increasing risk) Boundary not yet quantified

Related content



%IRIDRA

&
-
\ e
7772
Loss of Increase Increase Worsening Increases
biodiversity  of flood of heat of water of
events islands quality droughts

Social challenge: Climate change
Some climate risks



%IRIDRA & 323!?5’:&2&%0..‘. ALS

Water resources IR
management P 3

6.4

Water use

6.3

Water quality
and wastewater

Drinking water

-m\" ;‘\ TER 17 GOALS TO TRANSFORM OUR WORLD



%‘AIRIDRA

THE ECOLOGICAL TRANSITION BASICS

The linear approach: The circular approach:
Take, make and dispose ‘Waste is food
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THE PRESENT
Conventional scheme

astewales \

olluted water

treated

Fonte: Masi et al. (2018)



%IRIDRA The smart circular city
of the future (next?)
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sRIDRA Assets for climate change
adaptation: the 3 pillars
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Greywater close-loop recycling

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

grey water

S VERTICAL
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Urine ~ 350
~ 500 (option: add
Yearly Loads biowaste)
kg/(P*year) N N\
N ~ 45 ~1% - ~ub) %
P~ 075 R ~50 % ~40%
- 0
K ~ 18 L7 ~54% ks 70
n ; -12% N,
also to be considered ~ Treatment Treatment Biogas-Plant
S, Ca, Mg and trace Composting
elements Reuse / Water Cycle Fertiliser ~ Soil-Conditioner

Dense
urbanisation,
often no area
for NBS
solutions

Lack of land
for centralised
treatment
plants

Availability of
greywater —
100 It/pe.day
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WHY GREYWATER
RECYCLING?

e 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
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CW management

Constructed Wetlands
A complex equilibrium

Particle filtration
Open porosity
Residence time
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Multipurpose Design

Fonte: Woods Ballard et al.
2015, "The SuDS Manual”

Control the quantity
of runoff to

Manage the quality of
the runoff to prevent

= support the management of
flood risk, and

= maintain and protect

the natural water

fycia Water
Quantity

Create and sustain
better places for
people

pollution

Biodiversity

Create and sustain
better places for
nature
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“Tentative” list of NBS co-benefits

Flood mitigation

Aesthetic and Landscaping
Heat island reduction
Water recovery

Nutrient recovery

CO, storage
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Greywater Treatment: HF CWs

emergent plants drainage pipe

feeding system . _ §

control well : , Regolator well

-

¢

ravel
rocks rocks
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scheme
ENVIRONMENTAL Greywater recycling outdoor
. B PRRREE-A ‘1 clean water

>CHAPTER FOUR

Possibilities of nature-based
and hybrid decentralized
solutions for reclaimed
water reuse

Fabio Masi’, Guenter Langergraberb, Marcello Santoni?,
Darja Istenic’, Natasa Atanasova®, and Gianluigi Buttiglieri®"*

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

T ng

sRDRA

lean water

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
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Greywater recycling by rooftop
biofilters/wetlands

ROOF CW_

grey water

1 - INLET FROM BUILDING 4 - DRAINAGE SYSTEM 8 - WATERPROOF LINER
2 - FEEDING SYSTEM 5 - BUILDING 9 - REGULATION MANHOLE
3 - LAYERS OF DIFFERENT 6 - PLANTS 10 - OUTLET TOWARDS

POROUS MEDIA SIZE 7 - AERATION CHIMNEY BUILDING
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Greywater recycling by rooftop
biofilters/wetlands

Resort in Grumenti community,

Serengeti Park (Tanzania): 4 m3/d

ROOF C

SO\ Gl A
¥ .

grey water
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Greywater recycling by
Greenwalls

clean

Fialan E VERTICAL

" GARDEN




- RIDRA Green walls /
VERTICAL GARDENS

= Air filtration + O, production
and CO, storage

= Reduced energy costs +
positive microclimate effects

= Increased biodiversity
* Reduced noise pollution
* Increased building longevity

= Aesthetics

¢ \Wastewater treatment?
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Greywater recycling by Greenwalls

S8 VERTICAL

Beach resort Marina di Ragusa (Italy)
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%”“DRA aharashtra Jeevan Pradhikaran

(PUNE) VERTICAL GARDEN FOR
GW TREATMENT - experimental

setup
* Pots filled by: line 1- LECA+Cocopeat line 2 — LECA+Sand

wash basins

1st floor
wash basins

Loading tank

3 Reservoir
Vertical Green Wall

- Irrigation
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walls) project financially
supported by
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Contents lists available at ScienceDirect

Science s
okal Enyironment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review
A review of nature-based solutions for greywater treatment: ()
Applications, hydraulic design, and environmental benefits [

Fulvio Boano**, Alice Caruso®, Elisa Costamagna®, Luca Ridolfi®, Silvia Fiore*, Francesca Demichelis ?,
Ana Galvido®, Joana Pisoeiro”, Anacleto Rizzo ¢, Fabio Masi ¢
*DIATI (Department of Environment, Land and Infrastructure Engineering), Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Turin, Italy

" CERIS, Instituto Superior Técnico, Universidade de Lishoa, Av. Rovisco Pais, 1049-001 Lishon, Portugal
IRIDRA Srl, Via La Marmora 51, 50121 Florence, Italy

HIGHLIGHTS GRAPHICAL ABSTRACT

« Nature-based solutions (NBS) are a
viable option for greywater (GW)
treatment.

« Review of case studies provided
numerical thresholds for hydraulic

design of NBS.
« Life cycle assessment studies
demonstrated the benefits of NBS for

GW treatment. Hydraulic Design
Treated Grey Water

Grey Water :" High troatment porformances
| ol for HLR up to 500 L/m?/day.
=" COD, BOD removed up to 800

L/m*/day.

Natura-Basad Selutions

4

Environmental Benefits

<CO:compared to the
traditional technologies

L
=13}

Societal benefits of grean
spaces
Water and energy savings

TECNICO
LISBOA
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Made available for limited times for personal research and study only license.

Assessment of the Treatment Performance of an Open-Air Green
Wall Fed with Graywater under Winter Conditions

Fulvio Boano,* Alice Caruso, Elisa Costamagna, Silvia Fiore, Francesca Demichelis, Ana Galvao,
Joana Pisoeiro, Anacleto Rizzo, and Fabio Masi

Cite This: httpsy/dx.doi.org/10.1021/acsestwater.0c00117 E Read Online

ACCESS | [l Metrics & More | [G5] Article Recommendations | © Supporting Information
ABSTRACT: Graywater (GW), ie, the portion of household wastewater that |, [ F}=
excludes toilet flushes, is an interesting wastewater type because it requires only mild P T,

treatment. Green walls have been proposed as example of a nature-based solution for
GW treatment due to low energy requirement and high ecological /societal benefits;
however, indications about their treatment performances remain limited. This work
presents experimental results of a laboratory modular green wall for GW treatment.
Experiments have been performed outdoors during the winter season for three
months. Each panel included four vertical columns of planted pots, and it was fed
with 100 L of synthetic GW per day. Removal efficiencies were as follows (average
values): 40% chemical oxygen demand, 97% biochemical oxygen demand, 61% total
Kjeldhal nitrogen, 56% NO, -N, 57% total phosphorus, 99% Escherichia coli, and 63%
anionic surfactants. This work proved the potential of an open-air green wall for
treating GW, even under challenging conditions for biological treatment processes
and with high hydraulic loading rates.
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KEYWORDS: green wall, graywater, reuse, nature-based solution, treatment
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NICE: INNOVATIVE AND ENHANCED NATURE-BASED SOLUTIONS FOR SUSTAINABLE URBAN WATER CYCLE
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O Base medium: Different mixes of coconut coir (C) and
perlite (P) (Prodanovic et al.,, 2018) were tested to
1dentify a good compromise between drainage time and
specific weight.  TESTED

> 90% C —
10% P
> 80% C —
20% P
> 70% C —
30% P
> 60% C —

: : i . . 40%P :
QO 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%

Coconut Perlite
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Laboratory setup

L Pilot system: 6 metallic panels (1m x 1m), with a 3 X 4 matrix of
pots filled with different growing media.
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SUPERGREEN results

O Our pilot system was tolerant to GW up to HLR=700 L/m?/d (very high, VF CWs
usually designed for 80 L/m?/d)

O The best performance was achieved for BOD and E. coli, with removal efficiency
close to 100%.

O COD removal was initially lower but increased over time (possibly due to biological
effects).

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

O In view of Italian legislation limit
a COD, BODS, and TN met
O 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
O Removal efficiency (e.g., COD) may improve by adding biochar (and polyacrylates)
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*:FENI
== B @ nyawameDpPILOTS
@ NAWAMED

Expected results / Total flows to treat: 9.000 m3/year
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@ NAWAMED pilots ITALY

Ferlaschool GreenWal
., o + green facades

Fieristic District Latina-
Horizontal CW (Storm water)

= KIDRA




sYRIDRA CW for greywater: NAWAMED

;:Ef' ._- _@_ NAWAMED pilots
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Case Study —General description

Bekaa Campus of the American
University of Beirut, AREC

)
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g\ q\‘ \/\\ M,_"\ N/ R \ et 2
— \ A MNRYRA TN AN \\ Administration
= , => _ Building

Horizontal Flow Constructed Wetland

Implementing a

Constructed
( Wetland

>
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I
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]
1
0 |
]
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!
]
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“F‘—v
|

-—----.--p-z-._-.-

Womens' dormitory & Edgecome Hall
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10 Officers and Staff

20 Students in the Girls Dormitory

—
Timeline
12 17 20 23 25 26 249 22 18 14

Avg. Temp. (°C) 127 |14
Min. Temp.(*C) (82 |89 |10 126 |16 19 21 2 207 |18 14 10
Max. Temp. (°C) |158 [165 |18 214 |25 28 29 30 201 |27 23 18
Rainfall(mm) [193 [147 |19 |57 19 2 1 1 10 52 12 |17

9351ETO(mm) [219 1266 |366 |58 885 11238 11424 11451 1216 (875 1837 1294

= WATER CONSUMPTION
E Dormitory Q (Veapld) C BODS (mgh)

£ Total water consumption 80
— Black water 15

Grey water 65 150
Washbasin 20
— Laundry and shower 45

Laundry 5 1300

Shower 40 120
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Case Study — Final results

4 meters

gCanna indica
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Case Study — Conclusion

Why this Design?

* Limitthe surface area to minimize evapotranspiration
* Land availability — lower water height
» Climate change resilience

How much Water reuse and Energy savings?

« 287 m3/yr - 47 800 toilet flush
* 4302m3 15 yr
* Energy from public grid to pump tap water from the tank

* Energy consumption for water-truck transportation
* CO, release of +/- 15 500 kgCO,/15 yr (truck)
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2 ENI - @

@ NAWAMED TUNISIA

Cité Jardin -
Greenwals
B (anchored
modules)

ad - &5 :
v " F . -1'._-'.‘:1:‘??* > ‘
R PG =N =

Demonstration green walls 1o treat and reuse grey water:
from theory to practice

A .
Sedil: MASY. . -
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Case Study —General description

=

SWM House- Green wall
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Case Study — Dimensioning

s IRIDRA
Google map Position:

Greywater 36°49°53”N ; 10°10°56”E
Tanl{

h TE i Legend
L% e O = = b e 2 -~ 1 Greywater reservoir
b o 1 » U ' Irrigation Pump

& Living Green wall system
Purmp
@ Solenoid valve
" Treated greywater Water Buffer tank
| & Untitled Path
ax Untitied Path
() \Water Buffer tank

L ;g lGrree allys ;tem o, ' A2
ivi cenpallysy Y ; 4
; y: ;2 leau-,j\greyu\;aler VWater Buffer tank

Solenoithvalve
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Case Study — Final results

E WallD=1,8

Wall C =4,5m

General plan view
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C
B
A
Plan - Wall A / Wall B/ Wall C / Wall D Q
o 1 f i
A (@
1 2 3 4 8 9 10 11 12
1
2
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Fixing aluminium profiles
Northeast facade

Case Study — Final results

) 0,90m
T
aE
B D
56 7 13 14
Fixing aluminium profiles o 1 2

North-west facade

A C
1.2 3 4 8 9 10 11 12
I
13 E
23
= L]
43
Modules for living wall z 5

Northeast facade

Modules for living wall R
North-west facade

N

AW N =

\

Internal water distribution

Regulating gripline

Growing medium

Water evacuation

Drainage medium

Water recovery
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Case Study — Final results

=l |lo]] [=]

Iris germanica Hedera helix Carex Morrowii

Pant selection
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Case Study — Final results
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JORDAN

University of Jordan site Al-Zahra'a building

@ NAWAMED

Information on the building

- full occupancy of the dormitory (in non-covid time) is
around 300 students

- during the year the dormitory is occupied for 9-10
months

PILOT TECHNOLOGIES e -
» Green facades around building walls and toilet biocks |y " e

- some 85 inear meters and a trench in the ground . .

50/60 cm width. TREATED VOLUME: 4,5 mq/day that JINIRY

can be directly re-used in the todets. R

Roof wetland 10 square meters on the building roof "= O e e
TREATED VOLUME: 1,5 mq/day that can be directly

re-used in the todets.

Green wall anchored modules atthe main entrance
of the building. TREATED VOLUME: 0,5 mq/day that
can be directly re-used in the todets.
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Nature-based —solutions (NBS) for sustainable water management
integrated in a circular economy approach
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Den Aardl:luot van water ontbloot, na twee :ydcn aante fien.

“a proficient lecture is
not filling up a bucket,
it’s lighting a fire”

thanks for your
attention !!!

contacts: fmasi@iridra.com

GLOBAL ‘
WETLAND |
TECHNOLOGY Y222



