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Outline
• Resource recovery from used water: from energy to higher value
• Material recovery and SMART-Plant  challenges addressed since 2016 -

achievement in 2020 … and future
• SMARTechs - validated and assessed technologies to turn existing WWTPs 

into WRRFs
• Focus on cellulose and PHA recovery

• SMART-Products – energy-efficient material recovery and safe products 
from municipal wastewater

• Focus on Nutrients
• SMART Digital solutions - energy and carbon footprint monitor and 

optimization
• Focus on Energy and Greenhouse Gas Monitoring and control

• Legislation and regulation: current achievements and barriers



https://www.iwarr2019.org/

Outcomes of the conference: following



H2020 Water Innovations for sustainable 
impacts in industries and utilities
post-conference workshop @ IWA RR 2019, Venice (IT) 11/09/2019
chaired by H2020 projects SMART-Plant, Hydrousa and NextGen
co-organized by EASME

The workshop include:

• Pitch presentations showcasing the outcomes/progress of innovative H2020 projects in front of
selected audience of utilities and industries for circular economy solutions in the water sector.

• Discussion with panel of experts with a strong focus on the viewpoints of the end-user /
consumer and the regulator in relation with (but not limited too) water & energy, water reuse,
nutrients recovery, organics recovery, C-footprint and integration in the water tariff.

• Break-out session to discuss opportunities and challenges related to the market uptake of the
proposed circular economy solutions, replication and widespread adoption of resource
recovery from water in urban water management.

Target participants: 

We encourage researchers, utilities, water professionals, technology providers, policy makers, 
consultants to participate in this workshop as well as market segments and industries outside of 
the water sector that can valorize the recovered resources.
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Water Resource Recovery Facilities must 
recognize the value of the materials they recover

Product market and 
profitable

production are key 
requisites for a 

sustainable
bioeconomy!



The ENERGY PATHWAY 
(to deliver circular economy)

Current TRL = 8-9

but
WATER-ENERGY-CARBON NEXUS!



Energy positive evolution: H2020 POWERSTEP

POWERSTEP modules
1- in mainline WWTP for A-stage (C extraction) 
2- in mainline WWTP for B-stage (N removal)
3- reject water for N- removal or N-recovery
4- for best biogas valorisation

www.powerstep.eu



Odense WRRF >> energy positivity of 150 percent



Carmen MENA ABELA
Head of Sector

EASME, H2020 Eco-innovation

Water Europe Innovative Water Week , Resource Recovery Group 26 June 2020

H2020 Circular Economy & Water
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ACRONYM COORD. DEMOS MATERIALS RECOVERED

SMART-Plant IT NL, UK, IL, IT(2), 
EL, ES

cellulose sludge/ refined, PHAs, VFAS, Nutrients (phosphates, Struvite), P-
rich sludge

INCOVER ES ES, ES(2),DE PHAs(bioplastics), citric acid, biofertilizer, nutrient

RUN4LIFE ES BE, ES, NL, SE Struvite, Ammonium Sulfate and Nitrate, phosphoric acid, solid and liquid 
NPK, 

Water2REturn ES ES (2) + test in 
Sl, RO, LT

Organic source fertilizers; biostimulant products, micro-algal biomass; 
soluble N and P from slaughter house waste water

Project O IT IT, IL, ES, HR recovery nutrients, saltwater reuse, fit-for purpose water

HYDROUSA EL 6 demosites in 3 
EL-islands

clean water via evaporation and condensation, edible salt; nutrient rich water 
(as fertilizer)

NextGen NL
DE, ES, NL(2), 
CH, UK, SE, EL, 
UK, RO

spiruline; struvite; ammonia sulphate; NPK fertilizer; protein

SYSTEMIC NL
UK, DE, NL, BE, 
IT + test-plant in 
FI

mineral nutrients, ammonium sulphate, calcium carbonate; biogas; organic
soil improver, P-poor soil improver, N+K-concentrates, NPK fertilizers; 

ZEROBRINE NL

NL, PL, TRK, ES
Replication: 
NL(2), PL, EL, 
ES

minerals (e.g. sodium chloride, sodium sulphate), regenerated acids, 
caustics, magnesium

SALTGAE ES Sl, IT, IL algae biomass; 

H2020 projects related to water in the CE 



ACRONYM COORD. DEMOS MATERIALS  RECOVERED

ULTIMATE NL

ES, NL, IT, EL, 

UK, FR, DK, CZ, 

IL

Nutrients (ammonia); sulphur for sodium bisulfide; polyphenols, 

antioxidants; metals; copper-rich fertiliser

B-WaterSmart DE Brines/salts, energy/ biogas, nutrients (ammonia), minerals

Wider Uptake NO
IT, NO, Cz, NL, 

Ghana,
Biocomposite materials, organic and inorganic fertilizers

WATER-

MINING
NL NL, ES, CY, PT, IT Chemicals, minerals, nutrients (phosphates), fit-for-purpose water

REWAISE ES
Living Labs: SE, 

SE, PL, ES(6), UK

Nutrients(primarily phosphorous), metals, minerals, CRM-Mg, Li; 

biogas; biopolymers; NPK fertilizers; struvite, vivianite

H2020 new projects 
‘’Building a water-smart economy and society’’ 



Water in the CEAP: still untapped resource?

“Furthermore, the Commission will 
develop an Integrated Nutrient 

Management Plan, with a view to 
ensuring more sustainable 

application of nutrients and 
stimulating the markets for 

recovered nutrients. The 
Commission will also consider

reviewing directives on 
wastewater treatment and 

sewage sludge and will assess
natural means of nutrient removal 

such as algae”
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Source: SMART-Plant project meeting



Fonte: SMART-Plant project meeting



Fonte: SMART-Plant project meeting



The MATERIAL PATHWAY
(to deliver circular economy)

SMART-Plant
www.smart-plant.eu

http://www.smart-plant.eu/


Source: Making the business case for resource recovery, Velenturf and Jopson, STOTEN, 2018 

The challenges: cross-sectorial value chains, scale-up in real
environment and long-term multi-dimensional validation



Cellulose 

Struvite
Calcium-P

P-Biofertilizer

Bio-
polymers

Biogas 
and

Biomass
Fuel

Energy 
and 

Carbon 
Efficiency

Water re-use and 
fertigation

www.smart-plant.eu Start: 01/Jun/2016 – End: 31/May/2020 

Scale-up of low-carbon footprint 
MAterial Recovery Techniques in 
existing wastewater treatment 

PLANTs

- Horizon2020 IA
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- Innovation deal
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- 7 R&D Organization
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http://www.smart-plant.eu/


How SMART-Plant addressed the challenges

Long-term validation and 
hands-on training of 

water utility operators

Value the resource efficiency
and the recovered resources

when leading to 
consumer/industrial 

products 

Address the actions for 
resources to be priority

recovered

Long-term measure-
based quantified

indicators (support by 
digital solutions)

Water tariff promotiong
circular economy and 

measures to support PPP

Sludge and UWWTD, EU 
Green Deal and Circular

Economy Action Plan



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

SMART-Plant approach and SMARTechs



http://smart-plant.eu/index.php/map



SMARTechs integrated in existing WWTPs
(revamped/upgraded to WRRFs)

SMARTech1 - Geestmerambacht WWTP (NL) 

SMARTech2b and Downstream 
SMARTech B  - Manresa WWTP (Spain) SMARTech2a –

Karmiel WWTP (IL) 

SMARTech3 – WWTP at Cranfield University (UK) 
SMARTech 4b  - Psyttalia WWTP (Greece) 

SMARTech 4a and SMARTech 5 
Carbonera WWTP (Italy)  



ACHIEVEMENTS OF SMART-PLANT



Long-term SMARTech Evidence Based results
• Cellulose 2,0-7,3 kg per PE per Year
• PHA 1-1,2 kg per PE per Year
• CaP 0,4-0,8 kgP PE per Year
• Struvite 0,2-0,4 kg PE per Year
• Ammonia and ammonium sulphate 20-30 kgN PE per Year
• Spent zeolite resin (rich in K and NH3)
• Biofertilizer
• Energy saving 4-68 %
• GHG emission reduction 1-71 %
• Sludge reduction 18-30 %
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Main LCA results
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SMARTech 1
Cellulose Recovery with Dynamic 

Sieving as Primary Treatment

• Around 100-200 kg of cellulose per week
• 20% less of aeration in the aerobic basins
• 10-15% less excess sludge production
• EPA Class A rating for the cellulose product











Adapted from IWA RR 2019



Public acceptance? Would you eat on your wastewater?

Eating on recovered toilet paper at the 3rd IWA Resource Recovery Conference in Venice



SMARTech 5
Short-Cut Enhanced Enhancved P and 

PHA Recovery

Integrated nutrient management

1,0-1,2 kgPHA per PE per year;

Around 0,2-0,4 kg struvite PE per year
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Mass balance of the SMARTech 5

Conca et al., Chem Eng. J., 2020
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150 kgPHA/mese



SMARTech 3
Mineral fertilizer precursor recovery

• 95% of P recovered as CaPO4 from the 
tertiary treatment;

• Low P and N limit value can be achieved



Products

CaP
Tested for 
quality and 
impurities

Tested as 
fertilizer

Boutique 
fertilizer

Local  forest, 
grounds

Raw material

N-Products

Spent media
(rich N and K)

Tested in 
composting 

pots

Tested for 
quality and 
impurities

Microbial 
protein

Fertilizer, 
detergents, etc

SMARTech 3
Value of the resource



Downstream SMARTech B: adv. Composting of P rich sludge
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Improved compared to literature:
• Up to 3%N and 2.5%P typically

found (dry basis)

• Suitable for agricultural use: HM complying with relevant regulatory limits (Spanish Royal Decree
503/2013; Com Decision 2015/2099 of eco-labelling of growing media and soil improvers)

• Effective P source for plants according to agricultural tests
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1. N and P salts as produced by Cranfield (SMARTech3) Batch 1
2. N and P salts as produced by Cranfield (SMARTech3) Batch 2
3. N and P salts as produced by Cranfield (SMARTech3) Batch 3
4. P-rich sludge produced by SCEPPHAR Carbonera (SMARTech4.2)
5. P salts produced by Carbonera
6. Excess sludge produced by SCEPPHAR Manresa
7. Excess sludge by TH-SCENA Athenes
8. P-rich compost produced by downstream (SMARTechB)

SLUDGE SAMPLES

REST OF THE SAMPLES
9. PHA as extracted by Biotrend
10. PHA-rich biomass (SMARTech5)
11. Final cellulose from Cirtec (SMARTech1)
12. ET100
13. ET50
14. WPC
15. SPC

Biocomposite produced by 
downstream SMARTechA

Toxic and emerging comounds: Heavy metals, pesticides
and emerging compounds

Benedetti et al., Microchemical Journal, 2020



Development of GHG prediction models and control algorithms

• Application of data-mining techniques in Waste-Water Treatment to understand the patterns and 
minimize carbon footprint 

• Detection of abnormal events, pattern recognition, classification and regression techniques to model and 
predict carbon footprint of treatment processes

• Knowledge-based direct GHGs sampling that can minimize GHG sampling requirements without 
compromising the reliability of emissions estimates. 

• Support WWTP operation and facilitate the integration of sustainability metrics in the decision making. 



Breakdown of benefits for the SMARTechs averaged scenarios 



Benefit for end users: SMART-Plant success will have no negative impact on water bill for citizens 
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REPLICATION AND FULL SCALE-UP OF THE SMARTechs

Stage 1: integration into existing plants. Stage 2: inclusion in the design of new plants.



Policy and barriers
• European policies, regulations and directives

• Circular Economy Package
• Proposed new Common Agricultural Policies (CAP)
• New Fertilising Products Regulation (FPR)

• Remaining barriers

• No (apparent) willingness of customers to accept a premium 
for sustainability

• Possible customer reluctance if sewage-originated raw 
materials are declared

• Public procurement focusing on low cost instead of closed 
loops

• Except for Fertilising Products Regulation, harmonized 
European regulatory framework missing

Source: IWA Resource Recovery Conference and SMART-Plant final event – Venice (Italy) 2019
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More direct Support Needed
• Governance of Water-Energy-Food-Carbon nexus by quantified evidence and metrics

• Targeted Circular Economy Directives with clear targets comparable to energy directives 

(REDII)

• Simplification and harmonization of End-of-Waste

• More harmonisation of regulation in the EU

• Free trade of secondary resources for recycling with tracing and tracking system and 

obligatory, proven recycling

• Cross-sector collaboration and industrial symbiosis encouraged by ad-hoc regulatory 

framework that supports long-term binding agreements with industry and stable public-

private partnerships
Adapted from IWA Resource Recovery Conference and SMART-Plant final event – Venice (Italy) 2019



Legislation: sludge management 
decree – draft – promotion of 
sustainable materials recovery

Regulation: proposed incentive for 
water tariff when resource are 

recovered, wherever sustainable

In ITALY

Still a long way to go after H2020 projects? Example of 
support from EU-H2020 to MS … to the EU policy…



Castelfranco 
Sludge Centre 
– Inspired by 
SMART-Plant
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Thank you!

Francesco Fatone (f.fatone@univpm.it) 
Water and Waste Environmental Engineering Lab

Università Politecnica delle Marche

mailto:f.fatone@univpm.it
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