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Water in the Sustainable Development Goals: 
water challenges one of the top priorities for humankind

• At the global level, water has never been so visible. That it is 
listed as one of the 17 top priorities for humanity is a 
significant moment. 

• It presents an opportunity for a breakthrough. Not just to 
accelerate the unfinished task of universal access to safe 
water and sanitation; but to transform the water sector to 
become sustainable, resilient and a driver of the circular 
economy. Source: IWA, 2016
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From SDG to …business as usual…
Worldwide, the annual capital 

expenditures on water and 
wastewater infrastructure by 

utilities have been estimated at 
US$ 100 billion and US$ 104 

billion, respectively
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Framing wastewater management 
from a resource perspective

Andersson et al. (2016) in WWRR2017
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Resources embedded to municipal 
wastewater
Parameter Value

Reusable water (m3/capita year) 80-120
Cellulose (kg/capita year) 5-7
Biopolymers; PHA (kg/capita year) 2-4
Phosphorus in P precursors (kg/capita year) 0.5-1.5
Nitrogen in N precursors (kg/capita year) 4-5
Methane (m3/ capita year) 12-13
Organic Fertilizer (P-rich compost) (kg/capita year) 9-10

Verstraete et al. (2009) Bioresource Technology 100, 5537–5545
Salehizadej and van Loosdrecht (2004) Biotechnology Advances 22, 261–279
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However, still long way to go
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Is water central in the 
“Circular Economy Package”?

Source: https://www.eip-water.eu/water-%E2%80%9Ccircular-economy-package%E2%80%9D

Circular Economy Package mainly aim at facilitating water reuse - this 
will include a legislative proposal on minimum requirements for reused 
water, for example for irrigation and groundwater recharge
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What about R&D&I in EU?
• H2020 WATER INNOVATION: 

BOOSTING ITS VALUE FOR EUROPE 
(2014-2015): Need of scale-up to demo, 
first application and market replication

• H2020 WATER IN THE CONTEXT OF 
CIRCULAR ECONOMY (2016-2017): 
recovery and (re)use of nutrients and 
large demos for alternative water 
source, use and reuse
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Current wastewater treatment: 
Is this right for the next 100 years?

WasteWater Treatment Plant: 
Activated Sludge Process

COD, N, P

CO2

Energy

Treated water

Solids Sludge

Courtesy: Juan Lema (Water_2020)
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Water Resource Recovery 
Facility (WRRF)

Innovative Technologies

COD, N, P, Solids

Micropollutants

CO2 VOCsGHG

Energy

High quality water
(reuse)

Biosolids
Valuable products

Courtesy: Juan Lema (Water_2020)

We want to move from WWTP to WRRF, 
how and when?
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THREE MAIN PATHWAYS TO DELIVER 
CIRCULAR ECONOMY

VALUABLE 
MATERIALS

ENERGY



The correct analysis: according to 
the Technology Readiness Level
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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.

Materials pathway: 
H2020 SMART-PLANT

www.smart-plant.eu
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Demonstration of the full inter-sectorial
value chain
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Energy efficiency is the water market entry
strategy, materials recovery is the added value

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
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The SMART-Plant integrated WRRFs
SMARTech Site Key enabling process(es) SMART-product(s)
1 Geestmerambac

ht (NL)
Upstream dynamic fine-
screen and post-processing of
cellulosic sludge

Cellulosic sludge, refined clean
cellulose

2a Karmiel (Israel) Mainstream polyurethane-
based anaerobic biofilter

Biogas, Energy-efficient water
reuse

2b Manresa (ES) Mainstream SCEPPHAR P-rich sludge, PHA
3 Cranfield (UK) Mainstream tertiary hybrid

ion exchange
Nutrients

4a Carbonera (IT) Sidestream
SCENA+conventional AD

P-rich sludge, VFA

4b Psyttalia (GR) Sidestream SCENA+enhanced
AD

P-rich sludge

5 Carbonera (IT) Sidestream SCEPPHAR PHA, struvite, VFA
Downstream
SMARTechA

London (UK) Formulation of recovered
cellulosic and PHA
materials+extrusion

Biocomposite (Sludge Plastic
Composite – SPC)

Downstream
SMARTechB

Manresa (ES) Dynamic composting of P-rich
sludge using minerals as
bulking agents; bio-drying of
cellulosic sludge

P-rich compost, enriched with
minerals; fuel for biomass plants



SMART-Plant Business plan and market 
deployment strategy
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End use for recovered resources fit to water utility plants 

PHA /
Cellulose

PHA /
Cellulose

PHA
PHA /
Cellulose

VFA
(AA, PA, 
BA)

Struvite
P-comp
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Barriers…and solutions?
• No quality standard = No market  REACH? END OF 

WASTE?
• No quality standard = No market  CEN JWG11?
• No customer acceptance = No market  Incentive-based

policy? Impact on water pricing?
• No competitive price = No market  (for instance) use of 

PHA-rich sludge? 
• No utility interest = No market  energy efficient

integration of WWTP (to WRRF)?
• No regulation = No market  Innovation deal?
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The WATER PATHWAY 
(to deliver circular economy)

TRL = 8-9
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Source: Mc Carty – IWA-AD13 
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Anaerobic Membrane Bioreactors: 
Key Enabling Technology at TRL 6-7 

Source: Aurora Seco (2016)

Fertigation
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LEGAL BARRIERS AND BOTTLENECKS





Innovation deals: partners



Innovation deals: partners



Innovation deal objectives
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Innovation deal: tasks
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Thank you for your attention

Francesco Fatone and the SMART-Plant Consortium

Coordinated by: 
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