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The Linear Economy

• Current economic model of 
‘Take-Make-Dispose’

• World as unlimited resource 
and waste bin;

• 65 billion tonnes of raw 
materials enter the 
economic system, p.a.;

• Around 60% of waste ends 
up in landfill…
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The circular economy
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Circular Economy:
imitation of natural cycles

The circular economy requires a very careful 
management of two material flows: 
• biological nutrients (biomasses) to be returned 

safely to the biosphere to restore the natural 
capital; 

• technical nutrients (materials) designed to keep 
quality and circulate without entering back in the 
biosphere
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Circular Economy: 
our choice

Supported by the Horizon 2020 
Framework Programme
of the European Union

The European Commission has adopted an 
ambitious new Circular Economy Package to 

stimulate Europe’s transition towards a circular 
economy that will boost global competitiveness, 

foster sustainable economic growth and 
generate new jobs. 

This transition will be supported financially by 
the European Structural & Investment Funds 

(ESIF), which include €5.5 billion for waste 
management. 



2030 – Waste Targets

PREVENTION

REUSE & RECYCLING
(incl. compost)

min 70%

INCINERATION

LANDFILL 
zero recyclables or biodegradable waste by 2025 (<25%)

phase out by 2030 (=<5%)

ECODESIGN

Separate 
Collection

Producer 
Responsibility

Food 
waste 
30%

MUNICIPAL WASTE

Marine 
Litter
30%

Landfill
Charges
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30% more GDP 
per ton

<5%

70%+
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ECOMONDO: 
the platform of 

the circular 
economy

www.ecomondo.com



Greenrail srl

Dr. Massimiliano Russo 
INNOVATIVE AND 

SUSTAINABLE RAILWAY 
SLEEPERS
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Water in the circular economy?
The wastewater treatment 

plant is the key enabling 
element of the value chain

Supported by the Horizon 2020 
Framework Programme
of the European Union



Conventional  WWTP

Sewage Treatment Plant: 
Activated Sludge Process

COD, N, P

CO2

Energy

Treated water

Solids Sludge
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Advanced and circular WWTP

Sewage Treatment Plant:
Innovative Technologies

COD, N, P, Solids

Micropollutants

CO2 VOCsGHG

Energy

High quality water
(reuse)

Biosolids
Recovery products

Change of 
Paradigm
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Resources embedded to municipal 
wastewater
Parameter Value

Reusable water (m3/capita year) 91,3
Cellulose (kg/capita year) 6,6
Biopolymers; PHA (kg/capita year) 3,3
Phosphorus in P precursors (kg/capita year) 0,9
Nitrogen in N precursors (kg/capita year) 4,6
Methane (m3/ capita year) 12,8
Organic Fertilizer (P-rich compost) (kg/capita year) 9,1
Verstraete et al. (2009) Bioresource Technology 100, 5537–5545
Salehizadej and van Loosdrecht (2004) Biotechnology Advances 22, 261–279

Key Enabling Strategy: upstream solid concentration, 
integration and innovation of the sewage sludge treatment
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STech 
1

Stech 
3

STech 
2b

STech 
2a

STech 4a

STech 4b

STech 5

Treated water 

Struvite,(NH4)2SO4
P-Compost

Biopolymers

Cellulose

Nutrients
removal

Phosphorus recovery

PHA recovery

Cellulose recovery

Water reuse

Soil 
amendment

Plastics, 
biomass 

plants and 
composite 
material 

industries

Mainstream
Renovation 

& Integration

Sidestream 
Integration

CONVENTIONAL
EXISTING

WWTP

Environmental and 
human health protection

New water governance 
and utility management 

persepectives

New  sustainable 
chemical sourcing model 

New jobs opportunities in 
circular economy

Carbon removal

Biogas recovery Energy-efficiency

The overall target of SMART-Plant is to validate and to
address to the market a portfolio of SMARTechnologies
that, singularly or combined, can renovate and upgrade
existing wastewater treatment plants and give the added
value of instigating the paradigm change towards efficient
wastewater-based bio-refineries.
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The SMART-Plant consortium
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The SMARTechnologies integrated in 
existing wastewater treatment plants
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Influent Effluent

Biogas

Dehydrated
sludge Water line

Sludge line

Conventional Primary Sedimentation 
replaced by Primary Upstream 

SMARTech1

Conventional Activated Sludge 
replaced by Secondary Mainstream 

SMARTechs 2a and/or 2b

Conventional or Enhanced 
Anaerobic Digestion 

integrated by Sidestream 
SMARTechs 4a,4b or 5

Conventional Secondary Effluent 
refined by Tertiary Mainstream 

SMARTech3



Wastewater treatment and reuse: 
Membrane Bioreactors 
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Presented by Mr. Mohammed Al Lawati -HAYA Water- at ECOMONDO 2015 – Rimini, Italy, November 2015 



Industrial MBR Porto Marghera, Venice, Italy



Cellulose recovery
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Possible use of recovered cellulose
- Bioplastics production; - 100% cellulose recovery; -

Production of energy (thermal of biological processes)



New (mine-based) phosphorus cycle

Historical sources of phosphorus for use as fertilizers(1800–2000)
Source: Cordella D. et al. (2009) doi:10.1016/j.gloenvcha.2008.10.009
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World P resources   

Gilbert N: The disappearing nutrient.  Nature 2009 461: 16–718

Stopped exporting in 1997 

Planned bans on  
exportation 

In gigatonnes 
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Phosphorus (volatile) price

Rock Phosphate Monthly Price -
US Dollars per Metric Ton

http://www.indexmundi.com/commodities
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Our P dependency
EU is reliant on imports and, as good quality 
sources of phosphorus diminish, EU will become 
increasingly dependent on phosphorus reserves 
that are less accessible and more polluted with 
toxic elements, such as cadmium and uranium. 

Phosphorus rock was declared a critical 
raw material by the EC in 2014
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Main techniques and processes to recover 
phosphorus from wastewater

• Small-scale decentralised. to separate urine, faeces and 
flush water so that recycling can be achieved more 
effectively.

• Large-scale centralized
- Biological Uptake (Enhanced Biological Phosphorus 
Removal EBPR) 
- Precipitation (e.g. struvite recovery)
- Adsorption
- Ion exchange: more selective than adsorption
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The Struvite Cristallization Plant at the 
Treviso WWTP

The Struvite 

N-P low release 
fertilizer

Struvite Crystallization Plant
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S.C.E.NA.

Biological Nutrients 
Removal

Acidogenic 
Fermentation

Anaerobic 
Digestion

Nitrogen and 
Phosphorus 

removal 
via-Nitrite

Biosolids for 
composting

Anaerobic 
Supernatant

Biogas 
Production

Centrifugation

Screw Press

VFAs

Solid 
Fraction

WAS

Primary 
Sludge

Gravity
Thickening

Primary 
Clarification

Secondary
Clarification

Recycling of Activated 
Sludge

Treated 
Anaerobic 

Supernatant

P-enriched 
WAS

Short-Cut Enhanced Nutrient Abatement



Main features of S.C.E.N.A.
• Costs for nitrogen removal 1.1-1.6 €/kgN
• Biological rates 10-12 times higher than 

conventional activated sludge processes
• Enhanced Biological Phosphorus Recovery 

associated to the biological sludge
• Applicable on strong nitrogenous fluxes (e.g. 

anaerobic digestate, landfill leachate, livewaste 
slurries and agro-waste, etc)

Supported by the Horizon 2020 
Framework Programme
of the European Union



Biopolymers (PHA) recovery
PlasticPurification

Conversion with
methanol

Biofuel

Direct chemical
conversion

Biochemical

Courtesy: R. Kleerebezem - Water_2020 network



Microbial Community Engineering (MCE) for 
bioplastic production from wastewater

Explore natural microbial community Impose selective pressure

Select dominant work horse
Products and energy

Courtesy: R. Kleerebezem - Water_2020 network



Short-Cut Enhanced PHA Recovery

Frison et al., Environmental Science and Technology, 2015
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Main properties of the revovered
biopolymers

Carbon source
Mw

(g/mol)

PDI

(Mw/Mn)

Tg

(°C)

Tm1

(°C)

Tm2

(°C)

ΔHm

(J/g)

Td-trans

(°C)

Synthetic mixture of VFA 6.2x105 1.30 -1.1 138 147 21 267

SFL 6.5x105 1.29 -0.5 136 144 24 275

WSFL 7.4x105 1.25 -1.6 141 153 27 276
Mw: average molecular weight, PDI: polydispersity index; Mn: molar number; Td-trans: decomposition temperature

(DSC analyses); Tg: glass-transition temperature; Tm1,2: melting temperature; ΔHm: melting enthalpy.
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Only municipal wastewater? The WWTP can 
be the urban biorefinery!
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Integration of municipal wastewater and 
organic waste treatment

First reported in 1988, a pioneering 
study of co-digestion by Cecchi et 
al.
at Treviso WWTP

Mata-Alvarez J, Dosta J, Macé S, Astals S (2011),  Crit. Rev. Biotechnol. 31:99-111
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TECHNOLOGIES

1) Source Separate Collection 2) Under Sink Food Waste 
disposer



THE TREVISO FULL 
SCALE WWTP
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AF-BNR-SCP: process scheme
Municipal

Wastewater OFMSW

sludge

BNR

Clean
water struvite

FBR 
crystallisation

biogas
Controlled

fermentation

codigestion

Sewage sludge

Co
generat

ion

Liquid phase
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TECHNOLOGIES Biowaste pre-treatments: Case Studies

Treviso (Italy)
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TECHNOLOGIES Biowaste pre-treatments: Case Studies

Rovereto (TN, Italy) Hammer Mill

Hammer
mill

Biowaste

Pre-treatment

Reject 20 %

Digester

Biogas to CHP

Solid to composting

Liquid to WWTP“MEDIUM” energy consuming pre-
treatment

Design capacity, t/y 5.000 SS-biowaste     
110.000 sludge (5% TS)

Actual Capacity, t/y 3.000 SS-biowaste   
70.000  sludge (x% TS)

Process Wet 

Reactors 2 x 2.500 m3

Temperature Mesophilic
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TECHNOLOGIES Biowaste pre-treatments: Case Studies

Rovereto (TN, Italy)



Thank you for your attention and… 
see you in ECOMONDO 2016
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