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Executive Summary

ULTIMATE promoted, established and extended water smart industrial symbioses
(WSIS) between the industrial sector and service providers of the water sector. WSIS
are the foundation for a successful implementation of circular economy technologies,
because one partner produces a resource or product, and the other partner has the
demand for it. Therefore, the partners cooperate for their mutual advantages. In
ULTIMATE, circular economy technologies were developed and demonstrated via a
symbiotic management through the WSIS at nine case studies.

In this frame, eighteen workshops have been conducted for the case studies to identify
synergies among the ULTIMATE partners and with other Horizon 2020 projects.

This deliverable provides an overview about the main contents of the presentations,
the lessons learned from the discussions and take home-messages from the
workshops. D1.10 is an update of D1.8 with results from the case studies dealing with
water, energy and material recovery related technologies and provides
recommendations for European policy, what should be considered to boost the market
uptake of the ULTIMATE technologies to replicate them.

To establish and make a WSIS successful, we identified the attitude of the symbiosis
SDUWQHU KDYLQJ FRPPLWPHQW DQG ZLOOLQJQHVV
extremely important. Therefore, a common goal is necessary, success stories as
motivation to act together and a charismatic person serving as an initiator to spread
and start ideas among the partners. Another important success factor is an open and
evidence-based communication to convince people and to gain their trust. In addition,
lighthouse cases such as the WSIS in Kalundborg, Tarragona and Rosignano are
extremely helpful for WSIS newcomers to learn from them for their own WSIS
establishment. All potential stakeholders, including administrative actors, should be
part of the establishment already from the very first idea onwards.

The workshops resulted in a synergetic networking between ULTIMATE and its sister
projects B-WaterSmart, Water Mining, REwaise and Wider Uptake. In addition, those
projects learned from further progressed projects such as NextGen, Smart-Plant,
Seadvalue, Rundlife, Digital-water.city, Fiware4water, Routes, Res-urbis, Water2-
Return, Sludge4.0, Circular Biocarbon and BioKS. The case study leaders profited
from the lessons learned and discussions about their concepts to set up their demo
cases properly. This contributed to the successful implementation of thoughtful
ULTIMATE solutions and provided useful results for new approaches and best
practices of the ULTIMATE solutions within symbioses clusters (D1.3, D1.4, and D1.5)
and for the technology evidence base (TEB, D1.7). The collection and open access
presentation of the technologies in this evidence base will support decision makers
and investors to gain a fast overview of the opportunities and proven concepts of
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circular economy. Together with the Marketplace (D5.5), the TEB will severely
contribute to the transition from a linear to a circular economy in Europe.

ULTIMATE promotes technologies that are in line with the ambitions of the European
Green Deal Commission 2019) its Action Plan for Circular Economy
(European Commission 2020) to reduce strongly our greenhouse gas emissions, to
provide clean water, to maintain healthy soil, make industry resilient and produce
cleaner energy. The TEB presents technologies that can be applied in the frame of the
Regulation (EU) 2020/741 on minimum requirements for water reuse, the Regulation
(EU) 2019/1009 laying down rules on the making available on the market of EU
fertilising products and the Directive (EU) 2018/2001 on the promotion of the use of
energy from renewable sources.

However, still European policy can highly support the market up-take of the ULTIMATE
solutions and their replication. Therefore, the following policy recommendations were
identified in the workshops:

X Water recovery

Policy recommendations are crucial for fostering water reuse and promote a water
circular economy model. Increasing treated wastewater quality requirements under the
revised Urban Wastewater Treatment Directive (UWWTD) can simplify water
reclamation processes, potentially eliminating the need for additional advanced
treatments. Monitoring remains crucial but can be costly, impacting the economic
feasibility of water reuse. Public engagement and awareness are essential to
overcoming negative perceptions and increasing acceptance of reused water.
Business models, funding, and pricing are critical for successful implementation, with
multi-user systems enhancing technical and economic viability. Clarifying
responsibilities and developing consistent guidelines for water reuse licensing and
service provision across the EU are essential to ensure effective practices. The
strategic agenda proposes comprehensive coverage of all water reuse types,
emphasizing safety, environmental impact assessment, and the integration of
reclaimed water into local water balances based on regional circumstances. Future
regulations should establish minimum standards for non-agricultural uses, enhance
risk assessment, and promote research on innovative water reuse technologies and
practices.

x Digital technologies such as early warning and control systems
Providing access to publicly available data (historical and real-time) being digital and
of a uniform data type, e.g. same time periods for different regions and countries, can
highly boost the replication of such systems such as the water demand forecasting
tool. The requirement to develop digital solutions based on FIWARE architecture and
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publishing them open access can contribute to a better compatibility of different
solutions and strongly helps to replicate such solutions.

X Biogas related technologies

To replicate biogas production and valorisation technologies in Europe, stable prices
for upgraded biogas and electricity are needed at least for a period of five years to
amortise the plant. Another five years would be beneficial, after an adaption on the
energy market, to provide incentives to the investors. To bridge a potential gap
between the guaranteed price and the actual market price, subsidies might be needed.
A minimum quota for upgraded bio-methane in the gas grid can further support the
willingness of investors to implement biogas production technologies and upgrading
units. A simplification of administrative formalities and financial support related to the
gas grid connection can highly accelerate the implementation of biomethane producing
technologies.

X Heat recovery and reuse

To investigate the potential of the implementation of an HT-ATES, test drillings to
characterise the subsurface are expensive and time consuming. They are considered
as a barrier for an easy market uptake of this technology. Hence, more research and
demonstration projects are recommended to establish inexpensive, reliable and
innovative technologies and their combinations in order to avoid uncertainties during
planning of an HT-ATES and to accelerate the planning process. The highest risks are
considered to be uncertain permit procedures and public perception. Furthermore, the
permit procedure for a HT-ATES requires usually several years. We strongly suggest
accelerating this procedure and to promote the demonstration of full-scale pilot
systems in order to develop suitable policies and to show in practice that HT-ATES is
a renewable, clean and safe technique.

X Material recovery and end of waste status

The recovery of value-added compounds can bring multiple advantages: removing of
components which are harmful for a specific treatment, obtaining marketable products,
allowing for the reuse of a residual/out of specification material, and synergies for
increasing water and/or energy recovery.

Material recovery from industries has enormous potential, but the number of by-
products that are currently obtained are far below their maximum due to significant
challenges that have to be overcome. The recovery of value-added compounds usually
requires the implementation of different treatment steps to be implemented in existing
plants to reach an adequate quality of the necessary quality of the circular products
(products recovered from wastes). The quality of the final product is fundamental for
the market accessibility, but in the current market it is often complicated to introduce
circular products due to the competition with conventional products, low production of

The project leading to this application has received funding from the European Union §
Horizon 2020 research and innovation programme under grant agreement No 869318



D1.10 *Lessons learned from synergy workshops 7

circular products that avoids having significant impact in the market, scarce social
acceptance and sometimes a lack of regulation.

Legislation is also fundamental for the recognition of a recovered material as product
if it is generated by a waste (end-of-waste criteria). However, some regulatory barriers
and gaps have been also detected. The end-of-waste criteria as defined nowadays is
often unclear, especially for certain by-products obtained from emerging technologies.
In this respect, it is often hard to demonstrate all the conditions that need to be
accomplished, especially with certain products such as alternative building blocks.
Lack of successful large-scale case studies, scarce interest in waste producers to
DGRSW FLUFXODU SURFHVVHV DQG YDULDreete@lsagodniel E\SURC
detected barriers for the recovery of materials. Material recovery is even more
challenging from urban wastewater. In fact, it is barely mentioned in the new
wastewater treatment directive. Industries can be more relevant actors to exploit the
high potentiality of material recovery from industrial wastewaters as they can be
associated more efficiently (industrial symbiosis).

The implementation of successful industrial symbiosis cases (at demonstrative scale),
together with improved public-private collaboration are expected to improve the current
situation on material recovery. It is also essential to obtain subsidies in terms of grants,
loans or other to assume the high investment in circular technologies.The main barriers
for the implementation of such concepts were related to regulatory barriers and gaps,
the need of increasing social acceptance, market competition, low production to
significantly enter in the market, lack of successful large-scale case studies, scarce
interestonwaste p URGXFHUV WR DGRSW FLUFXODU SURFHVVHV D(
characteristics.
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Disclaimer

7KLY SXEOLFDWLRQ UHIOHFWV RQO\ WKH DXWKRUYfV YLHZV
for any use that may be made of the information contained therein.
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Abbreviations

AAT Advanced anaerobic treatment (immobilised high-rate anaerobic
reactor)

Al Artificial intelligence

AnMBR Anaerobic membrane bioreactor

AM Additive manufacturing

AOP Advanced oxidation process

ATES Aquifer thermal energy storage

BES Bioelectrochemical systems

CAPEX Capital expenditures

CE Circular economy

COD Chemical oxygen demand

CS Case study

CTG Cross-cutting technology group

ELSAR Electrostimulated anaerobic reactor

GAC Granulated activated carbon

HTAD Hyper-thermophilic anaerobic digestion

HT-ATES  High temperature aquifer thermal energy storage

HTC Hydrothermal carbonisation

LTE Low temperature evaporator

MBR Membrane bioreactor

MED Multi-effect distillation

MLSS Mixed liquor suspended solids

NPK Nitrogen phosphorus potassium

nZLD Near zero liquid discharge

PE Population equivalent

PHA Polyhydroxyalkanoate

RO Reverse osmosis

SBP Small bioreactor platform

SBR Sequencing batch reactor

SCWE Supercritical water extraction

SME Small and medium enterprises

SOB Sulphur oxidising bacteria

TEB Technology evidence base

UASB Upflow anaerobic sludge blanket

UF Ultrafiltration

WSIS Water smart industrial symbiosis

WWTP Wastewater treatment plant
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1. Introduction

ULTIMATE promoted, established and extended water smart industrial symbioses
(WSIS) between the industrial sector and service providers of the water sector. The
WSIS are the foundation for a successful implementation of circular economy
technologies, because one partner produces a product, and the other partner has the
demand for it. Thus, they cooperate for their mutual advantage. In ULTIMATE, circular
economy technologies were developed and demonstrated via a symbiotic
management at nine case studies distributed across Europe and Israel (Table 1).

Table 1

Water Smart
Industrial Symbioses

Resources

Overview about the ULTIMATE case studies, their type of symbiosis, their resources
and their field of activity for circular economy solutions

Closing the cycles
of
WATER, ENERGY,
MATERIAL

Csi Internal symbiosis within Municipal wastewater and
Tarragona multi -industry utility industrial wastewater from
(ES) municipal and industrial the petrochemical
WWTP & urban WRP complex
CSs2 Internal symbiosis  within Drain water from
Nieuw cooperative : greenhouses; residual
Prinsenland | greenhouses & water and geothermal heat
(NL) treatment facility
CS3 Municipal utility, multi - Municipal wastewater
Rosignano industry utility & SME mixed with seawater due
(IT) Sewer system, municipal to an undesired intrusion
WWTP, WRP of seawater; byproducts
from industry for reuse in
water treatment
Cs4 Industrial utility & SME: Wastewater from fruit
Nafplio industrial WWTP processing industry
(EL)
CS5 Municipal utility & multi - Wastewater from brewery
Lleida industry utility & municipal wastewater
(ES) industrial WWTP &
municipal WWTP
CS6 Municipal utility & two Wastewater from olive oll
Karmiel/ SMEs: production, slaughter-
Shafdan two municipal WWTPs & houses and wineries &
(IL) WRP municipal wastewater
Cs7 Distillery, water company, Wastewater from whiskey
Tain & SME: distillery
(UK) industrial WWTP
CS8 Internal symbiosis within Wastewater from
Chem. multi -industry utility chemical industry
Platform industrial WWTP
Roussillion
(FR)
CS9 Municipal utility & multi - Wastewater from pharma
Kalundborg industry utility & biotech industry and
(DK) municipal WWTP & municipal wastewater
industrial WWTP
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More information regarding the baseline conditions for each case study and the
detailed description of each WSIS can be found in Kleybdcker et al. (2021b, 20244a).

Depending on the type of wastewater and resource, different treatment trains were
applied. In total, 24 innovative technologies were investigated in ULTIMATE (Naves
Arnaldos et al. 2024, Kleybdcker et al. 2024b and Gonzalez Camejo et al. 2024). In
order to exploit synergies between the different cross-cutting technology groups (CTG)
for water, material and energy, similar concepts and the development as well as the
performance of those technologies were discussed. For each CTG, different topics

were defined as shown in

Figure 1 Cross-cutting technology groups and their sub-categories related to the types of
technologies applied in ULTIMATE

In this frame, eighteen workshops were conducted, each dedicated to one of the topics
in[Figure 1] In the workshops, the ULTIMATE concepts were discussed and external
experts from sixteen research projects had been invited to share their lessons learned
with the ULTIMATE consortium and to discuss the ULTIMATE concepts.

This deliverable provides an overview about the take home-messages from the
different presenters for each workshop, the lessons learned from the discussions
among the case studies and sister projects.
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2.Lessons learned from the synergy
workshops

The conducted workshops are outlined in[Table 2] It also provides an overview about
the case study specific technologies and the projects, from which we learned.
Together, with our sister projects B-WaterSmart (GA 869171), Water Mining (GA
869474), REwaise (GA 869496) and Wider uptake (GA 869283) and with the further
progressed or even completed projects such as NextGen (GA 776541), Smart-Plant
(GA 690323), Seadvalue (GA 869703), Rundlife (GA 730285), digital-water.city (GA
820954), Fiwaredwater (GA 821036), Routes (GA 265156), Res-urbis (GA 730349),
Water2Return (GA 730398), Sludge4.0 (7165.24052017.112000002), BioKS
(0324029A), and Circular Biocarbon (GA 101023280) we discussed our solutions.

Table 2 Overview about the discussed ULTIMATE concepts

Presentations from

Workshop CS  Topics of ULTIMATE presentations other projects or
organisations

CS1 | Near zero liquid discharge systems in the

petrochemical industry

CS4 | Filtration and small bioreactor platform for

wastewater reuse in the food industry

CS5 | Experiences in Aqualia with Anaerobic
Membrane Membrane Bioreactors, core for future water

technologies resource recovery facilities

CS7 | AnMBR and RO treatment for water recovery

in the beverage industry

CS9 | Novel ultra-tight ultrafiltration membrane as

pre-treatment for wastewater from biotech

industry for water reuse

CS1 | Removal of ammonia from wastewater by

adsorption with zeolites

CS3 | Innovative sensors and alternative materials
Adsorption for the removal of organic matter and

technologies micropollutants by adsorption and AOP

technologies in ARETUSA

CS4, | Hybrid adsorption and subcritical water

CS6 | extraction

CS1 | Increasing reclaimed water availability of the
petrochemical complex of Tarragona
CS2 | Optimizing water reclamation for agro-food
industries in N. Prinsenland

Water CS3 | 20 years of municipal water reuse in chemical
recovery industries: governance, technologies and
future perspectives
CS9 | Novel membrane treatment for biotech or
biotech+municipal WWTP effluent for water
reuse in Kalundborg
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Workshop

CS5

Topics of ULTIMATE presentations

AnMBR and ELSAR for biogas production from
brewery wastewater

Presentations from
other projects or

organisations

CS6 | Immobilised high-rate anaerobic system &
Biogas biogas process stabilizing measures
technologies CS7 | Biogas production in an anaerobic membrane
reactor from distillery wastewater
CS5 | Early warning system for membrane fouling
CS9 | Joint control system for two WWTPs
CS2 | High temperature aquifer thermal energy
solution in greenhouses
Heat CS7 | Heat recovery from anaerobic membrane ] } <A
recovery bioreactor effluent
€S8 Recovery of heat from flue gas washing water
CS3 | Early warning system for high chlorine
concentrations and matchmaking platform to
produce fit-for-purpose water
Digitalisation | CS5 Early warning system for membrane fouling
CS9 )
Joint control system for two WWTPs
Recovery of nutrients from greenhouse
Cs2 . oo
wastewater via electrodialysis
Nutrient css | Recovery of nutrients from brewery digestates
recovery
cs7 Recovery of ammonia from distillery
wastewater after an AnMBR treatment
Use of by-products of local industries for
CS3
wastewater treatment
Material
reuse and csa
recovery Recovery of antioxidants and polyphenols from
fruit processing water and olive mill
wastewater
Cs6
CS1 | Success of the Tarragona Symbiosis and
strategy of the Water-Smart Industry Vision
Leadership
Secret of cs3 —
successful The ARETUSA symbiosis for local and
WSIS regional water-smart sustainability
Cs9

Kalundborg Symbiosis and the secret behind a
resilient partnership
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Around 30 persons participated LQ WKH ZRUNVKRS 30OHPEUD@@H WHFK
November, 25™" 2020 and the case studies Tarragona (CS1), Nafplio (CS4), Tain (CS7)

and Kalundborg (CS9) presented their concepts. The project Water Mining shared its

outcome with us. A second membrane technologies workshop was conducted on

March 6th, with 24 participants. This time, Tarragona (CS1), Lleida (CS5) and

Kalundborg (CS9) were presented. Furthermore, B-watersmart and Wideruptake sister

projects participated as well, presenting two case study. After the key lessons from the

discussion, the main take-home-messages of the presenters are summarised. The full
presentations are shown in Annex 1 and 9.

Key lessons from the discussion:

1) Membrane processes are well-known, and current research is focused on the
development of new membrane materials, properties and configurations. Furthermore,
new applications are under research (i.e. biological process using membranes).

2) Membrane technologies can be combined and implemented sequentially. These
membrane processes trains allow to obtain higher water recovery rates and better
water qualities, promoting water reuse and fostering circular economy. Furthermore,
wastes streams, normally high conductivity stream or brines, are minimised.

3) The small bioreactor platform can be implemented in existing biological treatment
units to cope with shock loads to increase their treatment capacity. It is a small-scale
standalone solution with low costs.

4) Testing a technology at the laboratory scale provides an initial proof of concept to
DVVHVV WKH WfeasiKi@yRdDtrReatifg\specific water quality. It also helps to
identify or estimate the optimal operating conditions. The data collected during this
phase is essential for scaling up the technology and designing a suitable pilot plant
that can generate robust, extrapolatable results.

5) Membrane technologies have been identified to not only facilitate water treatment
for potential water reuse but also enable the recovery of nutrients or other value-added
materials through its concentration for further recovery processes.

6) In some cases, and depending on the quality of the incoming water, membrane
technologies require pre-treatment technologies to protect downstream processes.
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Sandra Casas from Eurecat presented the CS1 Tarragona concept. In the
petrochemical complex of Tarragona (Spain), more than 30 companies depend on
water transfers from the Ebro River to meet their consumption needs. However,
increasing demand outpaced the system capacity and a water reclamation plant to
feed industrial uses was put in operation in 2012. The plant reclaims municipal WWTP
effluent using coagulation/flocculation, filtration, reverse osmosis, as its main process,
and finally disinfection. The reclaimed water is used primarily for cooling towers and
boilers.

In order to meet future water requirements, an industrial WWTP will be commissioned
in 2022 to polish the aggregated wastewater from the petrochemical complex and to
produce reclaimed water for the complex.

Water reclamation for industrial reuse from this new industrial WWTP (tertiary
treatment) with near ZLD systems will be studied in the project at bench and pilot scale,
treating the outlet of the industrial WWTP. Technologies train proposed to optimize
reclaimed water production and minimize wastes through brine treatment is flow-
reversal RO coupled to membrane distillation. This tertiary treatment is expected to
increase water availability for industrial reuse in the complex.

In the follow-up meeting on March, 6" 2023, Andrea Naves, from Eurecat, gave an
update on the case study progress. One objective of the CS1 is to increase reclaimed
water availability for the complex by 20%, treating industrial WWTP effluent through a
near Zero Liquid Discharge system, based on membrane technologies: reverse
osmosis and membrane distillation.

At the beginning of the project, bench scale tests were performed to determine optimal
operation conditions for these both technologies. These tests were conducted with real
wastewater from petrochemical complex discharge network because IWWTP effluent
was not available (industrial WWTP was commissioned in April 2022). AITASA sent
different water batches during the experimental phase and a great variability in
analytical water characterisation was detected. Furthermore, a high suspended solids
concentration was found in the wastewater, and for this reason, a previous
ultrafiltration step as pre-treatment was studied.

Ultrafiltration tests were conducted at 25°C and 1 bar, comparing the flux and
permeabilitiy of different membrane materials and cut-off sizes: Likuid tubular ceramic
membranes (1000 kDa and 100 kDa) and tubular PES membrane, CUT (150 kDa).
Reverse osmosis tests were carried out with permeate from previous UF tests (better
permeate quality with ceramic Likuid membrane 100 kDa, conductivity=19.1 mS/cm).
During the tests, it was assessed membrane selection, brackish (Suez flat sheet) vs
seawater (Toray flat sheet) and the optimization of operating conditions (TMP) to
obtain the highest water recovery.
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Membrane distillation tests were carried out with the concentrate of the RO previous
tests to study the effect of T=70, 60 and 50 °C on distillate flux, to evaluate the
maximum water recovery and the quality of distillated water.

Main results from bench scale tests showed that the optimal operation conditions are:
100 kDa UF ceramic membrane, 1 bar operation pressure; seawater RO membrane
at 40 bar and Air Gap membrane distillation configuration, operating at T=70 °C. Under
these conditions, a global recovery of 56% can be obtained.

Optimal operation conditions obtained experimentally were considered in the
subsequent pilot plant design.

Dimitri lossifidis from Greener than Greener presented the CS4 Nafplio concept. The
activities in ULTIMATE target the recovery of various inorganic and organic
contaminants from the processing water and the reuse of the purified water. In
$OEHUWDYV IUXLW SURFHVVLQJ Sconbntiate ethyBritl Bds@ptioB LORW S ¢
and supercritical water extraction process to extract high added-value compounds
such as antioxidants from the wastewater.

Residual wastewater will be treated in pilot-scale by an advanced oxidation process
(AOP) before polishing it on-site using a small bioreactor platform (SBP). The SBP is
a patented technology by BioCastel (Israel), where bacteria are encapsulated within a
porous membrane of cellulose acetate. The membrane keeps the bacteria safe from
other microorganisms and prevents the biomass from escaping to the environment.
Dissolved pollutants in water migrate to the porous and they are metabolised by
bacteria. After two months approx., the cellulose acetate membrane has been
decomposed to sugar. However, some problems have been addressed, such as the
control of the composition of microbial community that is needed and the amount of
biomass.

This technology can be implemented to assist existing biological treatment units to
cope with seasonal and unexpected shock load episodes, to increase the water
treatment capacity with minimal capital expenditures (CAPEX). Hence, it is a small-
scale standalone solution without the need of high costs and extensive infrastructure.

Antonio Giménez-Lorang, from Aqualia, explained their experience with an Anaerobic
membrane bioreactor for water recovery in a brewery, in Lleida (Spain).

Agualia has previous experience operating this technology at room temperature in
several WWTPs in Spain, in the framework of other R&D projects where they treated
municipal wastewater.

Anaerobic Membrane Bioreactor have several advantages, in comparison with other
aerobic treatments, such as lower energy demand (70% less), net energy production
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(>0.1 kWh/m?3), lower sludge production (50%), lower CO2 emissions (80% less),
opportunity for nutrient recovery, high-quality permeate, low footprint (25% less) and
complete biomass retention (biosolids).

Very promising results were obtained in previous projects, where Aqualia was involved,
testing this technology at pilot plant scale: Life Memory, Run4Life, BioWaMet and Life
Metamorphosis.

With this previous expertise, Aqualia is going to treat 50 m3/day of wastewater from
San Miguel brewery WWTP to obtain biogas, water to be reused for irrigation and study
potential nutrient recovery from sludge.

Marc Pidou from Cranfield University presented the concept of CS7 in Tain. The
symbiosis is between the Glenmorangie whiskey distillery and an SME (Aquabio)
which provides circular economy enabling treatment/reuse solutions.

An anaerobic membrane bioreactor (AnMBR), with ultrafiltration (UF) membrane
modules to recover biomass, is already installed at the distillery for wastewater
treatment, reducing the chemical oxygen demand (COD) discharged into the Dornoch
Firth by 95%. In addition, the AnMBR plant also produces biogas and provides low-
cost energy to heat the distilleries, decreasing the fossil fuels consumption by 15%.
The sludge produced is a copper-rich fertiliser used to enrich barley fields in the region.
Resource recovery from the AnMBR effluent will be demonstrated in pilot-scale, where
ammonia will be recovered. Heat from the AnMBR effluent (35-40 °C) will be recovered
and used in treatment and/or distillery processes. The reverse osmosis (RO) treatment
of the AnMBR effluent will allow for water to be internally reused in cleaning processes
of the distillery, reducing freshwater demand from the utility Scottish Water.

Leo Vredenbregt from X-Flow presented the concept to produce fit-for-purpose water
in Kalundborg. The Kalundborg Industrial Symbiosis exists already since 1972 and
different CE approaches for water, energy and materials are already implemented. In
ULTIMATE, options for water reuse will be investigated by treating the effluents from
the industrial and municipal wastewater treatment plants (WWTP) in order to produce
fit-for-purpose water for cooling and/or steam production. As the WWTP effluent
contains a high fraction of non-degradable organic compounds from the biotech
industry, it has a high potential for organic fouling. Thus, depending on the type of
effluent, different treatment trains will be used. For the effluent from the municipal
WWTP, two scenarios will be investigated: (scenario 1) ultrafiltration and reverse
osmosis and (scenario Il) ozonation, sand filtration, ultrafiltration and reverse osmosis.
The effluent from the industrial WWTP will be treated using coagulation, sand filtration,
ultrafiltration and reverse osmosis as scenario Ill. In order to protect the reverse
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osmosis membrane against fouling and to reduce the demands for cleaning in place
of the reverse osmosis membrane and for the coagulant, a novel ultra-tight
ultrafiltration membrane will be tested. Thus, this idea is to reduce operational costs
for the treatment via reducing the demand for cleaning in place treatments as well as
reducing the demand for coagulants.

On the second workshop hold on March 6™, 2023, Jeanette Jahrig, from KWB gave an
update of CS9 in Kalundborg. Kalundborg municipal wastewater treatment plant
(MWWTP) receives wastewater from various sources: 40% from Kalundborg
municipality, 55% from an industrial WWTP, and 5% from other industries. The goal is
to reclaim water from the mWWTP effluent for cooling purposes in the industrial
facilities. Due to its composition, the effluent from the municipal WWTP has a high
potential for scaling and organic fouling, which can very likely increase the operational
pressure of a reverse osmosis (RO) system for water reclamation. These factors lead
to higher operational costs and increase maintenance effort.

To mitigate this, the mWWTP effluent was pre-treated using a novel ultra-tight (4 kDa)
UF membrane, an open NF membrane (1 kDa), and a commercial UF membrane (150
kDa) to prevent fouling of the subsequent RO process. The comparison of the pre-
treatment membranes demonstrated that all membranes effectively protected the RO
from fouling, provided that a biocide was dosed simultaneously. In terms of energy
consumption and water recovery, the UF membrane was the most suitable.

The study concluded that chemical parameters for cooling water can be easily met with
the UF-RO treatment. Consequently, the currently used lake water/Tisso Il water can
be replaced with RO permeate, although chemical stabilization is required, a mature
process that is easy to implement.

As next steps, a dual media filter before the membrane units will be installed.
Furthermore, more measurements on microbial parameter will be needed for validation
of cooling water quality through a microbial risk assessment concept.

Maria Kyriazi from NTUA presented the Larnaka (Cyprus) case study. The Larnaka
WWTP has been designed for 100,000-person equivalent (PE), treating an average
inlet flow rate of 18,000 m3/day. The main challenge is the high salinity of the treated
water that can be disadvantageous for agricultural irrigation.

In the Water Mining project, different objectives have been proposed: to achieve a very
low phosphorus concentration in the effluent, to recover phosphorus and NacCl as well
as to reclaim water. To achieve these goals, different processes based on membrane
technologies have been implemented in a pilot plant with a flow rate of 1 m3/h to treat
the Larnaka WWTP effluent.

The effluent from the membrane bioreactor will be treated in a pilot scale Biophree ”

installation, where the remaining phosphorus is adsorbed from the permeate. This
technology decreases the phosphorus concentration from 0.5 mg/L to 10-40 ppb. At
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these low levels, the biological growth is limited, so that also biofouling is reduced and
the intermediate reservoirs are prevented from harmful algae growth.

The effluent of the Biophree unit enters in a nanofiltration process, where monovalent
and divalent ions are separated. The concentrate is treated in a low temperature
evaporator (LTE) unit to recover salts such as magnesium and calcium. The
nanofiltration permeate enters a reverse osmosis (RO) process, where water with low
conductivity is obtained. The reverse Osmosis concentrate is sent to a multi-effect
distillation (MED) and NaCl solution is concentrated. Finally in the crystallizer, the MED
effluent is concentrated until a saturated NaCl solution is obtained. The saturated
solution will be used in the chlorination unit.

The MED evaporator will be coupled with solar panels and photovoltaics will be used
for the energy supply for the other technologies in order to reduce the CO: footprint of
the system.

Eric Santos, from (Cetaqua), explained their participation in B-Watersmart CS1,
assessing the RO brines of Rincon de Ledn WWTP in Alicante (Spain). They propose
a selective electrodialysis technology (SED) to treat RO brines, allowing to separate
monovalent and divalent ions, selectively.

SED permeate, with divalent ions, can be reused, mainly, for irrigation purposes. ED
concentrate, with monovalent ions, mixed with sodium chloride, will be softened and,
through an electrochlorination, sodium hypochlorite will be produced.

The main expected benefits for this technological solutions are to increase overall
reclaimed water production, to reduce costs in brines disposal and in chemical
consumption (NaClO), to own NaClO production (protection against shortages or
market changes), to boost of biofactory and circular economy concept, to improve the
environmental footprint of WRP plants: lower waste disposal and consumption of
chemicals and, finally, the recovery of divalent ions useful for agricultural fertilization:
lower chemical fertilisers consumption.

Cetaqua conducted laboratory scale tests, with different ionic compositions, to
evaluate the effect of brine composition variability in the valorization process. Lab tests
demonstrated that SED was able to concentrate NaCl 5 to 10 times. On the other hand,
average energy consumption of the overall process, including SED and
electrochlorination was 10.3 kWh/kg of active chlorine produced. The produced dilute
had a low conductivity below 3 mS/cm, enabling its use for reclaimed water
applications. The proposed process appears to be a cost-effective alternative to
conventional brine management, reducing the environmental impact of nitrate-rich
brines while producing sodium hypochlorite that can be used on-site.

The results obtained in the laboratory tests will be validated in a semi-industrial
prototype that is being installed in the water reclamation plant of Alicante and will be
operated until December 2023. Selective electrodialysis pilot plant, installed in the
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WWTP facilities, has 80 cell pairs, total membrane area 8 m2 and 3 tanks for
concentrate, dilute, electrode rinse solution.

Giorgio Mannina, from Universitd de Palermo, explained Sicily water reuse in the
framework of WiderUptake project.

WiderUptake project aims to facilitate industrial symbiosis by co-development of a
roadmap towards wider uptake of water-smart solutions for wastewater reuse and
resource recovery, enhancing a transition to a circular economy in the water sector.
Sicily case study is focused on the Water Resource Recovery Facility at UNIPA,
involving wastewater treatment pilot plant, polyhydroxyalkanoates (PHA) production
pilot plant and nutrient recovery system by biochar and zeolite.

During the execution of the project, three different investigation lines will be assessed:
sewage sludge and water reuse, PHA production plant and nutrient recovery by
adsorption-desorption columns.
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On March, 3152021, the ULTIMATE case studies Tarragona (CS1), Nafplio (CS4) and
Karmiel (CS6) discussediQ WKH ZRUNVKRS FHCYVRRQRBWR ERCepW #b
persons. In addition, the projects Smart-Plant, Sea4Value and Water Mining presented
their outcomes. A second follow-up workshop was celebrated on July 10", 2023, where
CS1, CS3, CS4 and CS5 gave their updates. After the key lessons from the discussion,
the main take-home-messages of the presenters are summarised. The full
presentations are shown in Annex 2 and 10.

Key lessons from the discussion:

1) Adsorption process to remove ammonium from water has been proposed as a low-
cost alternative in terms of energy consumption in comparison with standard reverse
0Smosis.

2) Adsorption technology is highly versatile for removing both inorganic and organic
pollutants from water, including ammonium, polyphenols, and organic matter.
However, the characteristics and properties of the adsorbent significantly impact the
selectivity and efficiency of pollutant removal, as well as operational conditions such
as linear velocity and contact time.

3) Adsorption technology is proposed not only for removing pollutants from wastewater
but also for selectively recovering value-added materials from the adsorbent or the
regeneration solutions.

4) Although adsorption is a well-known technology, current research is focused on the
development of new adsorbent materials, for instance, structures printed in 3D or
adsorbents produced from renewable materials (hydrochar from municipal sewage
sludge).

5) Testing adsorbents at the laboratory scale provides an initial proof of concept to
HYDOXDWH WK Hahd HdsétlegR @asibilfyWMor adsorbing specific compounds
or pollutants from water. It also helps to identify and estimate the optimal operating
conditions, which significantly impact adsorption capacity. The data collected during
this phase is crucial for scaling up the technology and designing a suitable pilot plant
capable of generating robust, extrapolatable results.

Andrea Naves Arnaldos from Eurecat presented the concept for the Tarragona case
study. The water smart industrial symbiosis interlinks the Water Reclamation Plant in
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Camp de Tarragona, run by AITASA, and the Tarragona petrochemical complex
comprising more than 30 companies.

AITASA currently provides reclaimed water mainly, as cooling water to the different
local companies. This reclaimed water has to fulfil the required quality standards, for
example, that the ammonium concentration has to be lower than 0.8 mg/L to avoid
corrosion processes. In the current water reclamation process, ammonium is removed
via the 2-passes reverse osmosis (RO) process.

Although there are different technologies to remove ammonium from wastewater, in
CS1 adsorption on zeolites will be tested as a low-cost alternative to the RO process.
This technology has been tested at laboratory scale, using a commercial zeolite (based
on clinoptilolite), obtaining promising results in terms of ammonium adsorption
capacity.

On July, 10™, Andrea Naves, gave an update of the status of CS1. Adsorption
experiments were conducted at laboratory scale using reverse osmosis permeate,
which was previously obtained at lab scale by treating real wastewater from the
petrochemical complex discharge network and doped with an ammonium salt to reach
35 mg ammonium/L (the inlet concentration for the water reclamation plant).

Initially, batch tests were performed with commercial zeolites to select the one with the
highest ammonium adsorption capacity. Each test lasted 3 hours, using 50 mL of water
and 2.5 g of zeolite. The commercial zeolites tested (both synthetic and natural)
included Zeolite 4A (by IQE), Zeolite 13X (by IQE), and Zeolita ZN Aqua (by Zeocat).
The natural zeolite, Zeolita ZN Aqua (Clinoptilolite, 82-86%), with a granulometry of
0.5-1 mm, showed the highest ammonium adsorption capacity.

Once the best zeolite was selected, tests at laboratory scale were carried out in a
laboratory column (1 cm diameter and 10 cm height) with downflow operation using
RO permeate doped with ammonium. Breakthrough time was determined when NHa4
at the outlet reached 0.8 mg NH4/L (reclaimed water quality limit). Three different bed
contact times were tested (1, 10, and 15 minutes), using new zeolite for each
experiment. The adsorption capacity was 14.8 mg NH4/g zeolite after zeolite
regeneration, with a linear velocity of 0.4 m/h and a hydraulic retention time of 15
minutes. These experimental results were considered in the design of the pilot plant.

Cecilia Bruni, from Universita Politecnica delle Marche, explained CS3 involving the
Aretusa Consortium (Italy). Currently, there is a partnership between the chemical
industry Solvay Chimica Italia S.p.A. and the public water utility A.S.A. Azienda Servizi
Ambientali S.p.A. Along with technology provider Termomeccanica Ecologia, these
entities form Consorzio Aretusa, which supplies reclaimed water to Solvay facilities.
The Aretusa Water Reclamation Plant processes effluents from the Cecina and
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Rosignano Municipal Wastewater Treatment plants, producing reclaimed water that is
then pumped to the Solvay plant.

In CS3, the production of hydrochar from sewage sludge is being evaluated. Hydrochar
can be produced through two different processes: chemical activation or slow
pyrolysis. Laboratory-scale tests indicated that chemical activation of hydrochar at
pilot/demo scale is challenging, therefore, pyrolysis was tested as a more feasible
alternative.

The pyrolysis pilot plant operates continuously, treating 100 kg/h of biomass and
producing 40 kg/h of hydrochar. The process runs at a temperature of around 450°C,
maintained inside a rotating drum, with a residence time for the material not exceeding
2 hours. Various parameters are monitored, including pH and conductivity.
Additionally, the organic content is monitored using a UV absorbance sensor reading
at 254 nm and a fluorescence sensor reading at the excitation/emission couple of
325/445 nm, which is more sensitive and reliable.

Dimitri lossifidis from Greener than Greener presented the CS4 Nafplio and CS6
Karmiel planned concepts.

In CS4 is focused on the Alberta fruit processing plant. For this case study, the
recovery of various inorganic and organic contaminants from the processing water and
the reuse of the purified water will be studied. In Alberta § fruit processing plant, a
mobile pilot plant will demonstrate a hybrid adsorption isupercritical water extraction
(SCWE) process to extract high added-value compounds such as antioxidants from
the wastewater.

Residual wastewater will be treated in pilot-scale by an AOP before polishing in an on-
site Small Bioreactor Platform (SBP) for reuse in irrigation or discharge into the
municipal WWTP to reduce operational costs. The extracted compounds will be
DVVHVVHG IRU WKHLU XVH E\ $SOEHUWD PDNLQJ 3IRUWLILHC
increasing the value of their product, but also by selling the extract to the food
supplement sector.

On July 10th, Dimitri lossifidis, from Greener than Green, gave an update of the CS4.
Regarding the initial adsorption process, batch experiments were conducted at
laboratory scale to determine the maximum adsorption capacity of several adsorption
materials, as well as to establish adsorption kinetics and model the kinetics. The
maximum adsorption capacity was found to be 22.8 g polyphenol/kg resin, with 60%
adsorption achieved in 30 minutes and 95% adsorption in 60 minutes. These
adsorption efficiencies indicate that 130 mg of polyphenol per liter of wastewater could
be recovered.
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During dynamic tests at laboratory scale, it was demonstrated that the adsorbent could
be used for at least 10 regeneration cycles, allowing for the treatment of 1.7 m3 of
wastewater per kilogram of resin per cycle.

In the pilot plant results, it was shown that over 80% of polyphenols in orange juice
could be adsorbed, corresponding to a 20% reduction in TOC of the orange juice by-
product. Better extraction results were achieved using a methanol-water solution. For
advanced oxidation processes (AOP), pilot plant scale tests were conducted using 2,4-
dichlorophenol and sunset yellow as model compounds. The photocatalytic reactor
demonstrated the ability to remove 90% of these compounds.

In CS6, at the Karmiel WWTP, ULTIMATE will demonstrate the treatment of
agroindustrial wastewater prior to the common aerobic biological process using an
immobilised high-rate anaerobic system (Agrobics AAT) in combination with pre-
extraction (coupling IEX and SFE) of valuable polyphenols from Olive Mill Wastewater.
An existing demo-scale system will be upgraded to optimise sludge production and
biogas recovery, coupled with IEX and SFE to extract added-value marketable
polyphenols.

Pablo Ortega, from Colfeed4Print, explained MET 3D printing of catalytic membranes
and supports for cleaning AOPs in water. Colfeed4Print is a company, founded in
2020, that manufactures filaments/granules of functional materials for 3D printing by
material thermal extrusion (MTE).

MTE technology, based on additive manufacturing, have several advantages in
comparison with other 3D printing technologies: economical and accessible, less
materials restrictions, easy to change material, room conditions printing, multiprinting
and printing of different final 3D parts, low know-how requirements for digital designs
and it is being expanded in the medical sector (hospital and clinical).

Colfeed4Print explained twp products from their catalogue: Philament-Eco (photo- and
electroactive materials for catalytic and energy applications) and Philament-Cer
(ceramics for high temperature and abrasive conditions).

Ana Soares from Cranfield University presented results of nitrogen, phosphorus and
COD removal from wastewater through adsorption technology. The results were
obtained treating the secondary effluent from Cranfield University wastewater
treatment plant. Experiments were carried out in a 10 m3/day pilot plant. Ammonium
and phosphorus were removed using different adsorption media: zeolites (zeolite-N
and clinoptilotite) for ammonium removal and hybrid anion exchange resins for
phosphorus removal.
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D1.10 *Lessons learned from synergy workshops

Ammonium removal by adsorption on zeolite-N (potassium based) has been studied
for raw wastewaters and liquors at Cranfield University, obtaining breakthrough curves
and ammonium adsorption capacities. Furthermore, regeneration cycles with
potassium chloride solution were studied as well, obtaining very good results. The next
step was to study how to recover the ammonium from the brines from regeneration
step. Two different commercial alternatives were explored at laboratory scale:
ammonia steam stripping and hollow fibre membrane contactor.

Regarding phosphorus removal, a commercial strong resin was studied a pilot plant
scale, achieving great results in terms of phosphorus and organic matter removal
(COD). This resin was regenerated with sodium hydroxide solution, and it was reused
up to times. Phosphate could be recovered adding lime and obtaining calcium
phosphate as precipitate.

Eveliina Repo, from Lut University of Technology (Finland), explained the 3D printed
adsorbents for metal recovery, a new area under strong development.

3D printing allows to optimise the porosity and geometry of the adsorbents, where fluid
channels and holes can be aligned with the fluid flow. This means a decrease of the
pressure drop and less energy needed for pumping. These kinds of structures only be
manufactured with a 3D-printing technology also called additive manufacturing (AM).
Adsorption is based on the interactions between the surface and species in the liquid
or gas phase, limited by the number of active sites on the surface. AM offers the
possibility to optimise the shape, size, and flow properties, enhancing interactions and
enhancing adsorption processes.

In the SeadValue project, adsorption/ion-exchange technologies are studied as
effective and selective way to recover trace amounts of metals. Inks and printing
powders will be prepared by mixing matrix materials (polymers) with selective ion-
exchange resins. Printing will be conducted by Selective Laser Sintering or Direct-Ink
Writing using optimised models. 3D-printed modules will be tested for selective
recovery and concentration of scandium, indium, vanadium, boron, and molybdenum.
Finally, adsorption/desorption cycles will be optimised.

Wokke Wijdeveld from Wetsus (The Netherlands) explained the BioPhree technology
to remove and recover phosphorus. BioPhree is an adsorption technology that can
reach ultra-low phosphorus concentrations below 10 ppb. This fact is important, for
example, to avoid eutrophication and to enhance water reuse from nZLD processes,
avoiding biofouling.
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The BioPhree technology adsorbs phosphorus from wastewater to columns that are
later on regenerated. The phosphorus is recovered from the regeneration solution by
precipitation or via a further nanofiltration process.

The BioPhree technology was demonstrated in eutrophicated marsh water in Canada
and treated up to 32 m3/day of water with orthophosphate and particulate phosphorus
concentrations of 0.177 mg/L and 0.220 mg/L, respectively. The installation consisted
of an advanced filtration stage for the particulate phosphorus removal, followed by an
iron oxide-based resin adsorbent system for orthophosphate adsorption. The
adsorbent was regenerated and re-used and phosphorus was recovered from the
regenerant solution as raw material for fertiliser application. The regeneration is a key
factor which considerably decreases operational cost of adsorbent systems. The total
orthophosphate and particulate phosphorus removal was 97% and 78%, respectively.

Luca Loreggian from the University of Applied Science and Arts Northwestern
Switzerland talked about the production of renewable granular activated carbon (GAC)
and its application to remove organic micropollutants from urban wastewater.
Laboratory and pilot plant experiments were conducted to investigate the effect of
pyrolysis and activation on the GAC performance. In the NextGen process, 21 different
renewable GAC samples were produced, varying the operation conditions: renewable
sources (cherry pit and sewage sludge), conditions of the pyrolysis and activation
temperature, activation gas and residence time. All the obtained GACs samples were
characterised to define physical properties (particle size distribution, density,
hardness, specific surface, and porous size distribution) and performances.

Two different renewable GAC types were tested at pilot plant scale to treat wastewater
and remove micropollutants.

After five months of operation, the first results indicated the successful elimination of
organic micropollutants using the GAC filter (better results with sewage sludge GAC).
On the other hand, standard operating conditions do not ensure sufficient elimination
as demanded by the Swiss ordinance (i.e. 80% elimination). Therefore, the operating
conditions of the filters will be optimised by varying the empty bed contact time and the
O3 dosage.
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On June 11t 2024, the ULTIMATE case studies Tarragona (CS1), New Prinsenland

&6 5RVLIQDQR &6 DQG .DOXQGERUJ &6 GNa¥eF XVVHG
recovery and reuse workshop ~ Z LI fersons their concepts and results. In addition,
the project B-Watersmart presented its outcomes.
After the key lessons from the discussion, the main take-home-messages of the
presenters are summarised. The full presentations are shown in Annex 16.

Key lessons from the discussion:

1) Various case studies have demonstrated the technical feasibility of different
technologies for industrial water treatment, enabling the production of water of
sufficient quality for reuse in various applications (industrial, irrigation, etc.). This
validates the symbiosis between water treatment plants and different industrial sectors.

2) In CS1, it has been demonstrated that a treatment process combining ultrafiltration
and second-pass reverse osmosis can produce reclaimed water from an existing
effluent discharge. This reclaimed water is suitable for reuse as cooling water in the
Tarragona petrochemical complex, with a recovery rate exceeding 30%.

3) According to experimental results in CS2, capacitive electrodialysis (CED) is a
promising solution for reclaiming fit-for-use irrigation water from greenhouse
wastewater, achieving high-quality irrigation water (EC<0.2 mS/cm, Na*<0.1 mmol/L)
with optimal operation conditions and specific energy consumption (kWwh/m3) a factor
4 lower than reverse osmosis.

4) Currently, there are existing instances of symbiosis between wastewater treatment
plants and water treatment facilities, exemplified by the Aretusa consortium. There
remains ample opportunity to enhance and optimize these processes further,
particularly in promoting the reuse of regenerated water within industry.

5) A novel ultra-tight UF membrane (4kDa) was tested in CS9 to purify effluents for
reuse in industrial applications, focusing on cooling water and boilers. A Dynasand
filter was installed to reduce suspended solids and membrane blockages. Operational
difficulties were noted due to non-standard effluent quality, necessitating enhanced
pre-filtration efforts. Despite fouling risks from organic matter and alkalinity, UF-RO
treatment effectively met cooling water chemical standards, allowing potential
substitution of current water sources with RO permeate, contingent on pH adjustment
and stability measures.

6) Various scenarios were analysed in CS9 Life-Cycle Assessment: freshwater from
Lake Tisso, seawater desalination, and reclaimed water from wastewater treated with
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different membrane processes. The study found that water reuse increases
greenhouse gas emissions compared to lake water but reduces water footprint and
nutrient release into the Great Belt. Conversely, water reuse decreases greenhouse
gas emissions compared to seawater desalination, though if brine treatment to achieve
Zero Liquid Discharge is required, emissions increase significantly. Based on these
findings, the preferred treatment option appears to be conventional UF and Reverse
Osmosis with UV disinfection of RO feed water instead of biocide dosing due to its
lower environmental footprint.

7) Regarding Microbial Risk Assessment, in CS3, the current treatment approach
shows promising potential to meet health-based irrigation targets in agriculture,
although the lack of local validation data necessitates ongoing monitoring. Introducing
additional RO units is expected to further mitigate risks below these targets. In CS9,
assessments indicate minimal risk of Legionella contamination in cooling waters post
UF/RO or NF/RO treatment, meeting standards suitable for car washing and street
cleaning purposes. However, employing UF alone as a pre-treatment for car washing
requires additional verification monitoring to address lingering uncertainties regarding
virus removal efficacy.

8) Regarding policy recommendations, increasing treated wastewater quality
requirements under the revised Urban WasteWater Treatment Directive (UWWTD)
can simplify water reclamation processes, potentially eliminating the need for
additional advanced treatments. Monitoring remains crucial but can be costly,
impacting the economic feasibility of water reuse. Public engagement and awareness
are crucial to overcoming negative perceptions and increasing acceptance of reused
water. Business models, funding, and pricing are critical for successful implementation,
with multi-user systems enhancing technical and economic viability. Clarifying
responsibilities and developing consistent guidelines for water reuse licensing and
service provision across the EU are essential to ensure effective practices. The
strategic agenda proposes comprehensive coverage of all water reuse types,
emphasizing safety, environmental impact assessment, and the integration of
reclaimed water into local water balances based on regional circumstances. Future
regulations should establish minimum standards for non-agricultural uses, enhance
risk assessment, and promote research on innovative water reuse technologies and
practices.

Andrea Naves, from Eurecat, explained CS1 in Camp de Tarragona (Spain), where
the private company AITASA (Aguas Industriales de Tarragona) are operating a Water
The Camp de Tarragona Reclamation Plant supplies reclaimed water to the Tarragona
petrochemical complex, complemented by AITASA's Industrial Wastewater Treatment
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plant (IWWTP), which processes wastewater from multiple petrochemical facilities
before discharge into the Mediterranean Sea.

ULTIMATE explores a novel Zero Liquid Discharge (nZLD) system based on
ultrafiltration, reverse osmosis, and membrane distillation to treat this effluent. Pilot
plant tests showed that ultrafiltration followed by two-pass reverse osmosis achieves
permeate quality (conductivity <40 pS/cm and ammonium <0.8 mg/L) suitable for
reclaimed water. However, membrane distillation for treating reverse o0smosis
concentrate did not meet required standards due to conductivity and ammonium
concentrations. Additionally, zeolite adsorption was tested for ammonium removal as
a low-cost alternative for the Water Reclamation Plant second pass of reverse
osmosis, but its capacity proved insufficient.

Tavishi Guleria, from KWR, explained CS2, related with greenhouse horticulture in
Nieuw Prinsenland (The Netherlands). This area has to face up several challenges,
such as water scarcity (alternative sources are needed), restrictions in concentrate
disposal and strict legislation for effluent quality.

The horticulture industry is advancing towards a zero liquid discharge system,
prompting CS2 to evaluate capacitive electrodialysis (CED) technology at pilot scale
for producing high-quality irrigation water from greenhouse wastewater. This
technology utilizes carbon-based electrodes and operates through ion
adsorption/desorption on porous capacitive surfaces, thereby avoiding gas production,
eliminating the need for electrode rinsing solutions, and improving energy efficiency.
Experimental findings indicate that capacitive electrodialysis is highly promising for
reclaiming irrigation water meeting stringent quality criteria (EC<0.2 mS/cm, Na*<0.1
mmol/L) under optimal conditions. Its specific energy consumption (kWh/m?) is four
times lower than that of reverse osmosis (RO). However, despite its competitiveness,
energy consumption and membrane costs constitute significant expenses in
deployment.

Chiara Giansanti, from Consorzio Aretusa, explained the situation in CS3 in Rosignano
(Italy). Currently, there is a partnership between the chemical industry Solvay Chimica
Italia S.p.A. and the public water utility A.S.A. Azienda Servizi Ambientali S.p.A., along
with technology provider Termomeccanica Ecologia, these entities form Consorzio
Aretusa, which supplies reclaimed water to Solvay facilities. The Aretusa Water
Reclamation Plant processes effluents from the Cecina and Rosignano Municipal
Wastewater Treatment plants, producing reclaimed water that is then pumped to the
Solvay plant. CS3 focuses on efficiently preventing chloride peaks and other critical
parameters in the Water Reclamation Plant influent from the Cecina and Rosignano
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sewer systems, as well as optimizing wastewater reuse. To achieve this, a real-time
data process control system for salinity management, featuring an Early Warning
System and a Smart Equalization System, has been developed. Additionally, a
matchmaking platform monitors the water quality at the Water Reclamation Plant's
outlet. Depending on the quality, the water is designated for industrial reuse rather than
irrigation. CS3 serves as a valuable example of industrial water facilities symbiosis,
showcasing practices that could be replicated elsewhere.

Jeannette Jahrig from KWB presented CS9 in Kalundborg (Denmark). The municipal
wastewater treatment plant (nWWTP) receives wastewater from different sources:
40% from Kalundborg municipality, 55% from an industrial WWTP and 5% from other
industries. The aim is to reclaim water from the effluent of the mWWTP for cooling
purposes. According to the wastewater composition, the effluent of the municipal
WWTP has a high potential for scaling and organic fouling processes, which will
increase the operational pressure of a reverse osmosis for water reclamation. All these
factors translate into higher operational costs. Therefore, the effluent of the mWWTP
was pre-treated using a novel ultra-tight (4 kDa) UF membrane, an open NF membrane
(1 kDa) and a commercial UF membrane (150 kDA) to prevent the subsequent RO
from fouling.

The comparison of the pre-treatment membranes showed, that all membranes
protected the RO as good from fouling as long biocide was dosed simultaneously. In
terms of energy consumption and water recovery, the UF was suited best.

The study concluded that chemical parameters for cooling water can be easily met with
the UF-RO treatment. As a result, the currently used Lake water/Tisso Il water can be
replaced with RO permeate, although a chemical stabilization is required being a
mature process, that is easy to implement.

Fabian Kraus, from KWB, explained the Life-cycle assessment conducted for the
Kalundborg case study. The main objective focused on investigating the potential
environmental impacts of different membrane schemes for Kalundborg utility for
industrial water reuse as cooling water.

A Life Cycle Assessment (LCA) was conducted according to the standardized methods
defined in 1ISO 14040/44, encompassing all components: direct emissions (on-site),
indirect emissions, resource use (electricity, chemicals, waste), and credits for
products (reclaimed water, nutrients in water for irrigation, heat). Different scenarios
were evaluated, including the use of freshwater from Lake Tisso, freshwater from
seawater desalination, and water reclamation from wastewater treatment plant effluent
treated with various membrane processes. Data was estimated or calculated from pilot
studies and literature.
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The LCA for CS9 indicates that water reuse increases greenhouse gas emissions
compared to lake water but reduces the water footprint and nutrient release to the
Great Belt. Conversely, water reuse decreases greenhouse gas emissions when
compared to seawater desalination. However, if brine treatment towards Zero Liquid
Discharge is necessary, the greenhouse gas emissions for water reuse increase
significantly. Based on the results, the preferred treatment method involves
conventional UF and Reverse Osmosis, with UV disinfection of RO feed water rather
than biocide dosing, due to the lower environmental footprint.

Wolfgang Seis, from KWB, discussed the microbial risk assessments carried out for
CS3 and CS9. According to the results for CS3, the current treatment scheme shows
a high potential for achieving health-based targets for agricultural irrigation. However,
a risk is identified due to the lack of local validation data for the implemented treatment
train, so further monitoring is recommended. Additional RO units are expected to
reduce the risk well below health-based targets.

Assessment results in CS9 indicate a low risk of Legionella contamination in cooling
waters after UF/RO or NF/RO treatment. For car washing and street cleaning
purposes, the risk remains below drinking water standards for NF, UF/RO, and NF/RO
treatments. However, when using UF as a single pre-treatment prior to car washing,
additional verification monitoring should be conducted to address remaining
uncertainties regarding virus removal.

After secondary treatment, local measurements and literature information indicate an
elevated risk from car washing activities, so it is not recommended without further
treatment.

Kristina Wencki, from IWW, explained main policy recommendation leveraging reuse
in the EU from B-Watersmart project. Common issues regarding policy recommen-
dations identified in B-Watersmart and its Living Labs include the need to increase
treated wastewater quality requirements for discharge, as proposed by the UWWTD
recast. This change can facilitate water reuse by reducing or eliminating the need for
additional advanced treatments. Monitoring is crucial but often constitutes a significant
portion of the direct costs of water reuse. Additionally, EU policies are needed to
enhance public engagement, awareness, and communication to overcome negative
perceptions and increase acceptance of water reuse.

Business models, funding, and pricing are critical factors for the successful
implementation of water reuse systems. Engaging multiple users improves the
technical and economic feasibility of water reuse. However, it is essential to clarify
whether reclaimed water supply should be defined as an autonomous water service
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with clearly defined responsibilities. Water reuse typically requires dedicated treatment
for reclamation, and direct reuse always necessitates a distribution network; production
and distribution may not be managed by the same utility. There is also an urgent need
for consistent guidelines for the water reuse licensing process to ensure effective
practices.

Developing an EU strategic agenda on water reuse should cover all uses (non-potable
and potable), indirect uses (including managed aquifer recharge), and direct uses. This
agenda should include monitoring and enhancing the safety of current indirect reuse
and facilitating the development of the circular water-energy-waste-food nexus.
Member states should define priorities for reclaimed water use based on local
environmental, technical, economic, and social circumstances, integrating reclaimed
water into local/regional water balances without unnecessary investments unless
needed for supply continuity. A uniform EU-wide position on accounting for indirect
water reuse should be established, clarifying the boundaries between treated
wastewater discharge and indirect water reuse, along with the necessary permits and
treatments. The cost of additional treatments should reflect site-specific water resource
management.

Environmental uses should be considered direct or indirect water reuse, including
managed aquifer recharge, with clear guidelines for environmental impact and risk
assessment. Future revisions of Regulation (EU) 2020/741 should establish minimum
requirements for non-agricultural uses, provide clearer risk assessment instructions,
and enhance monitoring. Research should be promoted to upgrade urban WWTPs to
meet new UWWTD recast requirements. The beneficial use or recovery of phosphorus
through irrigation with reclaimed water should be encouraged.

EU policies should promote public engagement and communication to improve water
reuse acceptance. Coherent EU-wide guidelines for water reuse licensing and service
provision, including treatment, storage, conveyance, and pricing, should be developed.
Research and innovation should be encouraged to develop policies on water reuse
business models, funding mechanisms, and pricing. Pilot projects for direct potable
reuse should be supported to establish guidelines for water quality and treatment
process reliability, addressing water scarcity, localized needs, emergency situations,
and building societal trust in water reuse safety.
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IntheworNVKRS 3% LRJDV WoH B&taér GOR, 2D2)V26 persons participated
and the case studies Lleida (CS5), Karmiel/Shafdan (CS6) and Tain (CS7) presented
their concepts. In addition, we learned from the projects Smart-Plant and NextGen
about their outcomes of the projects, discussed our concepts and the results of the
other projects. Two follow-up workshops were conducted on May 30™, 2023, with 31
participants and on May 14", 2024, with 22 participants. After the key lessons from the
discussion, the main take-home-messages of the presenters are summarised. The full
presentations are shown in Annex 3, 11 and 17.

Key lessons from the discussion:

Biogas production systems:

1) Anaerobic treatment processes in combination with biogas recovery allow for a
decrease in the organic loading rate to the downstream activated sludge process and
hence, for a better energy balance of a WWTP, because energy is recovered, and
energy can be saved in the aeration process due to the lower organic loading rate.

2) Methane recovery from an AnMBR effluent is an important step, because the
methane loss can be very high without its recovery. This should also be considered for
similar systems.

3) Technological flexibility is very important for research and demo cases in order to
conduct trials which simulate a critical state of the investigated processes, and which
DOORZ WKH SURMHFW SDUWLFLSDQWYV WR IROORZ QHZ 3FUD

4) Compared to an anaerobic fluidised bed reactor (AFBR), the electrostimulated
anaerobic reactor (ELSAR) is less sensitive to variations in process conditions such as
shock loads or biocides and contributes strongly to a stable biodegradation and biogas
formation process.

5) The immobilised high-rate anaerobic system (AAT) is very well suited to treat olive
mill wastewater and maintains a stable biodegradation and biogas formation process
even though high variations in the loads occur.

6) The combination of an AAT with an AnMBR and activated carbon even increases
the biodegradation efficiency and correspondingly its methane yield as well as its
process stability compared to an AAT alone. The system can be applied to winery,
dairy and olive mill wastewater.
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7) The ELSAR system uses activated carbon as fluidised anode. Considering the
positive effect of the activated carbon in the AAT/AnMBR system, the ELSAR system
is very likely also feasible to treat winery, diary and olive mill wastewater. Furthermore,
the ELSAR system is capable to treat most (80-90%) of the industrial food and
beverage wastewater.

COze footprint

8) The COze footprints of the AFBR and the ELSAR® are slightly negative and much

lower than that of an aerobic system. The COze footprint of the ELSAR® is even slightly

ORZHU WKDQ WKDW RI WKH $)%5 GXH WR WKH (/$6$5STV
main impact on the COze-footprinthas WKH GLVVROYHG PHWKDQH LQ WKH 1
Due to the 15 m height of the ELSAR®, a stripping process can be easily operated by

gravity only and recover around 30% of the dissolved methane further reducing the

COce footprint. The recovery and reuse of heat after the stripping process can even

further decrease the COze footprint.

Solid oxide fuel cell

9) A solid oxide full cell was tested to valorise upgraded biogas and to produce
electricity and heat as a by-product. The pre-treatment train was successfully validated
showing that a dehydration step is not mandatory. One year of operation showed a
reliable electricity production with a continuous electrical efficiency of around 56%.

Replication and EC support for biogas rela ted technologies

10) To replicate biogas production and valorisation technologies in Europe, stable
prices for upgraded biogas and electricity are needed at least for a period of five years
to amortise the plant. Another five years would be beneficial, after an adaption on the
energy market, to provide incentives to the investors. To bridge a potential gap
between the guaranteed price and the actual market price, subsidies might be needed.

11) A minimum quota for upgraded bio-methane in the gas grid can further support the
willingness of investors to implement biogas production technologies and upgrading
units.

12) A simplification of administrative formalities and financial support related to the gas
grid connection can highly accelerate the implementation of biomethane producing
technologies.

13) A higher flexibility in the choice and combination of substrates will increase the
replication potential of such technologies. Especially a regulation allowing the mixture
of agro-industrial wastewater with domestic wastewater will support the application of
such technologies in a wider field.
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Antonio Giménez Lorang from FCC Aqualia presented the planned concept in Lleida.
The water smart industrial symbiosis interlinks the Mahou San Miguel (MSM) brewery
with a multinational utility Aqualia as well as the local municipal utility of Lleida and the
Catalan Water Agency.

The brewery has its own wastewater treatment plant. However, up to now, there is no
water reclaimed and no energy recovered. In terms of energy recovery in the form of
biogas, an anaerobic membrane bioreactor (AnMBR) will be operated in parallel with
an electro-stimulated anaerobic reactor (ELSAR). Both shall be compared in terms of
their performance, specific energy demand, methane yield, process stability and
nutrient removal capacity. The expectations are that the AnMBR provides a higher
water quality of the effluent of the reactor than the ELASR. However, the process
stability and the specific energy demand of the ELSAR are expected to be better and
lower compared to the AnMBR, respectively. The difference between the methane
yields and the heat values of the biogas streams resulting from both systems is
uncertain until now. Those will be investigated in this case study.

In the follow-up meeting on May, 30" 2023, Antonio Giménez Lorang gave an update
on the case study progress. The pilot-scale ELSAR was in operation, while the full-
scale ELSAR was under construction. The ELSAR applies an anaerobic treatment
combined with a cathode and a fluidised anode which consist of activated carbon. In
this process, fermentative and methanogenic microorganisms biodegrade organic
material and form biogas. Thanks to the electro-stimulating system, electroactive
microorganisms oxidise organic material, release electrons to the anode and form
hydrogen as well as carbon dioxide. Those substrates are used by other organisms to
form gaseous hydrogen and methane. The electroactive microorganisms are less
sensitive to variations in process conditions and contribute strongly to a stable process.
The comparison of the ELSAR process with a conventional anaerobic fluidised bed
reactor (AFBR) showed, that the ELSAR reached higher COD removal rates and
correspondingly a higher methane production (Asensio et al. 2021). The comparison
also confirmed that the ELSAR can better degrade shock loads (4- to 8-fold compared
to the standard operation). The stable process behaviour was also observed in the
presence of biocides and after starving periods.

An AnMBR is being investigated at the same case study treating brewery wastewater.
It was successfully started-up reaching a stable process. The innovative idea in
ULTIMATE is to connect both systems: the effluent of the ELSAR technology will be
further treated using an AnMBR. The filtered water will be further treated to allow for
water reuse.

To valorise the produced biogas, a solid oxide fuel cell was implemented at municipal
WWTP of the case study. The solid oxide fuel cell produces electricity and heat as a
byproduct. Five months of operation showed a constant electrical efficiency between
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55 and 59% and a produced power of 1.3 kW. Slight adjustments are still under
progress such as further automatisation and certain measurements.

In the last meeting on May, 14" 2024, Antonio Gimenez Lorang presented the start-up
of the full-scale ELSAR® system. Inoculum from another high-rate anaerobic reactor
treating brewery wastewater was used to fill the ELSAR® with 2000 kg volatile
suspended solids. Their specific methanogenic activity was test and showed very good
results as well as their ability to settle corresponding to their good shape and size
distribution around 1 mm. The start-up was done with a low organic loading rate (OLR)
between 1 and 2 kg COD m=3 d* and an upflow velocity of 3.3 m h't in the first month.
Extreme pH fluctuations required a decrease in the OLR. However, a high buffer
capacity enabled a stable biogas formation process. COD removal rates of higher then
96% and a methane content of higher than 70% were successfully reached. As next
step, the OLR will be increased to 25 kg COD m d and higher.

To valorise the produced biogas, a solid oxide fuel cell (SOFC) was tested. After a pre-
treatment consisting of pressurisation, desulphurisation, cooling, dehydration,
polishing to remove H2S, water, siloxanes and volatile organic compounds, the SOFC
used the upgraded biogas and produces electricity and heat as by-product. Compared
to a combined heat and power unit, the SOFC produces electricity with a two-fold
higher efficiency corresponding to around 56% of the total energy production. In CS5,
the suitability of the pre-treatment train was successfully validated and one year of
operation showed, that the electrical efficiency can be continuously achieved and that
the dehydration process is not needed.

Lea Conzelmann presented the environmental impact of the anaerobic treatment of
brewery wastewater compared to a baseline scenario involving an aerobic treatment.
Compared to the aerobic system, the anaerobic system removes less nutrients and
hence, its return load to the WWTP increases the nutrient load. However, still the
anaerobic treatments (ELSAR® vs. AFBR) have a much lower CO2e footprint
compared the aerobic system. Both anaerobic treatments are roughly CO2e neutral,
even though the methane losses due to the dissolved methane in the effluent of the
anaerobic treatment are the major factor to increase the global warming potential, while
the produced biogas decreases it. The ELSAR® has even a slightly lower CO2e
footprint due to a 10% higher methane yield compared to the AFBR (also known as
EGSB).

Recent investigations in CS5 have shown, that the 15 m height of the ELSAR system
helps to easily recover dissolved methane from the effluent. This way, 30% of the
dissolved methane can be recovered easily, decreasing significantly the CO:ze-
footprint. This will be considered in the final update of the life-cycle assessment in
D2.2.
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Isam Sabbah from The Galilee Society presented the concepts for Shafdan and
Karmiel. The symbioses in Karmiel and Shafdan interconnect two SMEs from the agro-
food sector with a public wastewater utility. The agro-industrial sector includes
agriculture, food industry, olive oil mills and water treatment.

The agro-industrial sector causes high organic load peaks depending on the season.
In Karmiel, ULTIMATE wants to reduce those peaks by mixing olive mill and
slaughterhouse wastewater with municipal wastewater and pretreating it using an
immobilised high-rate anaerobic system (AAT). In Shafdan, the wastewater
composition is slightly different. Wineries, dairies and olive mills discharge their
wastewater to the WWTP in Shafdan, where it is jointly treated with municipal
wastewater. To reduce high organic load peaks, those wastewater streams will also
be mixed in a buffer tank and pretreated in an AAT. In addition to the ATT, a novel
ANnMBR is implemented downstream of the AAT. Here, the use of immobilised biomass
in powdered activated carbon fixed foam instead of granular biomass offers a
promising approach for fouling reduction which is unexplored yet within AnMBR
technologies.

In the follow-up meeting on May, 30th 2023, Isam Sabbah presented the progress of
the Israeli case study. In Karmiel, the AAT system successfully reduced COD and TSS
loads for the further treatment in a conventional activated sludge (CAS) system. In
addition to the load reduction, biogas was produced and hence, with the utilisation of
the biogas and the reduced energy demand in the CAS, a promising basis for an
energy-efficient water reuse was reached. During one year of operation, the COD
concentration in the AAT effluent remained successfully on a stable level despite
fluctuations in the influent as a result of OMW discharges. Correspondingly, biogas
was produced throughout the entire year. In summer, the biogas production rate
reached its maximum dependent on the organic influent load and high temperature
accelerating the microbial biogas production process.

In Shafdan, the combination of an AnMBR based on an AAT combined with activated
carbon for a higher biogas yield and to reduce biofouling was tested. To the knowledge
of the authors, the use of an immobilised biomass in an activated carbon fixed foam
instead of granular biomass is unexplored within AnMBR technologies until now. First
results from laboratory experiments showed for the digestion of phenol-containing
substrate higher biogas yields were achieved resulting from the new combination
compared to that without activated carbon addition.

In the last meeting on May, 14™" 2024, Katie Karbaby presented the effect of differently
pre-treated substrate regarding the biogas production in the AAT, which as
investigated in Karmiel. On one hand biogas was produced from wastewater mixed
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with OMW and on the other hand, the polyphenols were removed via extraction from
the same mixture. The biogas production rate was with roughly 9 m3 d* on a very
similar level for both cases, while the methane yield was slightly higher with 6% only.
In Shafdan, two lab-scale systems were investigated and compared: 1) AAT containing
activated carbon in combination with a subsequent AnMBR and 2) AAT without
activated carbon and a subsequent AnMBR. On average, both systems reached very
similar COD removal rates. It was concluded that the share of OMW was still too low
to see any effect of the polyphenols, since their concentration was obviously too low
to inhibit the methanogenic microorganisms. Hence, their removal did not show any
effect in the biogas production process.

Marc Pidou from Cranfield University presented the concept for Tain. Here, the
symbiosis first interlinks the Glenmorangie whisky distillery and the SME Aquabio
which provides circular economy (CE) enabling treatment and reuse solutions. In 2017,
an anaerobic membrane bioreactor (AnMBR) was installed to treat the wastewater
generated in the distillery during the whisky making processes and allows to discharge
the treated effluent in the local estuary, the Dornoch Firth. As part of ULTIMATE,
Aquabio and Cranfield University (partners in the project) will collaborate with the
Glenmorangie distillery and Alpheus, the current operator of the treatment site, (both
stakeholders but not beneficiaries) to evaluate options to expand the CE approach at
the site. The AnMBR effluent provides opportunities for heat recovery, nutrient
recovery and finally with further advanced treatment for water recycling within the
distillery.

Ana Soares from Cranfield University (United Kingdom) belongs to the NextGen
consortumand FRQWULEXWHY DV WKH VFLHQWLILF SDUWQHU WR
2003, her research group focuses on anaerobic membrane bioreactors and their
optimised application in wastewater treatment. The ANMBR is a hybrid unit combining
an upflow anaerobic sludge blanket (UASB) reactor with a membrane bioreactor
(MBR). Soares et al. showed that the methane yield of an AnMBR at low temperatures
between 7 °C and 20 °C is 1.46 times higher than that of an UASB reactor. They highly
recommend using a membrane degassing unit to recover the dissolved methane from
the AnMBR effluent, since more than 90% of the total methane content are dissolved.
In the frame of NextGen at the case study of Spernal, an AnMBR with a membrane
degassing unit was built. In addition, an ion exchange process will be implemented to
recover nitrogen and phosphorus from the effluent.
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The benefits of the AnMBR are:
- no aeration energy for COD removal necessary,
- low sludge production and hence reduced downstream sludge treatment costs,
- biogas production,
- pathogen and solid free effluent that can be reused in a number of applications
(e.g. farming and industrial reuse).

Before ULTIMATE, Isam Sabbah from the Galilee Society (Israel) was part of the
Smart-Plant project, in which his research group evaluated and simulated biogas
recovery with a polyfoam biofilter advanced anaerobic treatment (AAT). They used the
AAT as a pre-treatment of municipal wastewater in Karmiel upstream to the activated
sludge process to reduce the organic loading rate to the aerated tanks and thus, to
save operational costs for the aeration process. In the AAT, the microorganisms grow
ina SEL\RW D E L O LV kh@ne-BaRead matdixd This matrix has a large surface area to
enable biofilm formation. This structure protects the microorganisms against wash out
and contributes to a stable process operation.

The system can be applied either after the primary clarifier or directly without a primary
clarifier. The microorganisms adapt well to the corresponding conditions. A model of
the AAT was set up that can be further used to design similar processes and to allow
for process optimisation under varying process conditions.

Lene Beadle from IVAR (Norway) talked about a society, where nothing goes to waste.

IVAR is a municipality owned utility that supplies drinking water for 360 000 people,

treats wastewater of 12 municipalities and produces biogas. IVAR operates two biogas

plants treating sludge from wastewater treatment and food waste. Before digestion,

the sludge is hygenised in a thermal hydrolysis process at 160 °C and 5 bar. The

digested organic matter is reused as organic fertiliser on the agricultural fields. The

biogas is upgraded since 2011 using an amine scrubbing process. After the addition

of propane, itissoldto WKH FRPSDQ\ 3/\VH" /\VH HVWDEOLVKHG D JI
for natural gas, which is use to distribute the biogas over a distance of 600 km. The

biogas is valorized as fuel for vehicles and district heating.

In the final ULTIMATE meeting for energy recovery, the replication potential as well as
the barriers for their market uptake and potential support coming from the EC were
discussed, after the Spanish and Israeli cases studies had presented their final results.
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Those results can be found in the corresponding paragraphs of the case studies in this
chapter.

The weakness of biogas production system is the high content of dissolved methane
in the effluent increasing the COze footprint of the technology significantly, leading to
an almost neutral CO2ze-footprint. Therefore, innovative technologies are needed to
remove the dissolved methane from the effluent. In the case of the ELSAR® system,
WKH UHDFW B3 n ikbdrielidfalVbecause the effluent can be disposed at this
height to a subsequent stripping column using gravity only without additional energy
consumption. This way, 30% of dissolved methane can be recovered. The same is true
for an AFBR, but different for an AnMBR, which height is usually around 5 m only.
Here, additional energy would be needed to lift the effluent to the inlet of a stripping
column. A further COze footprint reduction might be achieved with heat recovery and
reuse after the stripping process.

Further research and especially demonstration projects are needed for SOFCs, since

they are rarely used in the context of biogas valorization and reported demonstrations
XVXboo\ UHODWH WR RWKHU VHFWRUV )XUWKHUPRUH W
production are expensive and hence, the product is still very expensive and not

attractive for inexperienced customers.

The price for upgraded methane and/or produced electricity from bio-methane has
fluctuated highly in recent years. To further accelerate the market-uptake of biogas
technologies, securities for the return of investment would be very beneficial. This
might be achieved via a guaranteed and stable price for the upgraded biogas or the
produced electricity for at least five- or ten-years Europe-wide. If the price falls below
the guaranteed price, subsidies would be necessary to finance the gap. After the first
five years, an adaptation of the price depending on the energy market could be
conducted for the next period of five years.

In addition, a minimum quota for each European country regarding upgraded bio-
methane can highly support the uptake of biogas production and upgrading
technologies. In some European countries such as Denmark and France already very
high quotas are achieved between 50 and 100%, while Spain for example is only
aiming for 1% currently. Furthermore, a simplification of administrative formalities and
financial support related to the gas grid connection can highly accelerate the
implementation of biomethane producing technologies.

To achieve a higher flexibility of biogas production systems, a regulation allowing the
mixture of agro-industrial wastewater with domestic wastewater is very important not
only for the European countries, but also for Israel, where one of our case studies is
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D1.10 tLessons learned from synergy workshops

located and would profit very much from it to further replicate its innovative
technologies.
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On February, 26" 2021iQ WKH ZRUNVKRS 3 +36 Patsohshbaricatdd \and
the case studies Nieuw-Prinsenland (CS2), Tain (CS7) and the Chemical platform of
Roussillon (CS8) presented their concepts. In addition, we learned from the projects
NextGen and BioKS about their outcomes of the projects, discussed our concepts and
the results of the other projects. Follow-up meetings were conducted on March, 30%"
2023, in which 41 persons participated and the sister project WaterMining shared its
insights and on May 14", 2024, with 22 participants. After the key lessons from the
discussion, the main take-home-messages of the presenters are summarised. The full
presentations are shown in Annex 4, 12 and 17.

Key lessons from the discussion:

Low -grade heat recovery from AnMBR effluent

1) The reuse of excess heat in the ammonia air stripping process to increase the
process temperature shifts the equilibrium between ammonium and ammonia to the
ammonia side and thus, can contribute to save chemicals for an otherwise required
increase in pH to reach the same ammonia recovery rate.

2) The reuse of excess heat to increase the temperature of the feed stream of a reverse
osmosis filtration unit can lead to a higher flux, because the higher temperature
decreases the dynamic viscosity of the feed stream. Thus, the energy efficiency of the
filtration process can be increased. However, the higher temperatures could also lead
to a higher organic fouling rate, since microbial activities increase with temperature.

3) The operation of the reverse osmosis at different temperatures of 20 °C, 30 °C and
40 °C revealed a higher flux with increasing temperature resulting in similar permeate
qualities. Due to short term investigations, the fouling potential resulting from the higher
temperature was not investigated so far. However, the higher temperature leads to a
higher solubility of some mineral products and is assumed to be helpful for reducing
scaling processes.

4) The operation of the struvite formation process at a temperature of 35 °C, which
leads usually to a higher solubility of struvite, had for the AnMBR effluent of treated
distillery wastewater no disadvantageous effect, so that the conditions for struvite
formation were still favourable. Hence, the heat can remain in the effluent in order to
use it for the subsequent stripping process.

5) The operation of the stripping process at 35 °C instead of 30 °C had no positive
impact on the ammonia removal rate. Therefore, higher temperatures need to be
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tested in order to enable a pH decrease, while maintaining the same ammonia removal
rate.

Heat recovery from washing water of waste incineration

4) An incineration line of hazardous waste has usually a furnace with quenching to cool
the flue gas. The gaseous effluents from incineration are washed to eliminate gases
and dust. The washing water has a high temperature and seems to be feasible for heat
recovery. However, investigations showed, that high contents of salts lead to scaling
and clogging and hence, the washing water is not suited for heat recovery via heat
exchangers.

Brine treatment with waste heat
5) Waste heat from a power plant is very suitable for further brine treatment such as
multiple effect distillation.

High temperature - aquifer thermal energy storage (HT -ATES)

6) When planning an HT-ATES, it is very important, that every stakeholder is on board
already at the beginning of the project, especially persons involved in the ownership of
the system and other people that might have decision power should be engaged. It
takes usually three to four years from the initial idea until the system operates.

7) Social perception regarding HT-ATES was in the case of Rotterdam very positive,
because people see it as a contribution to a more stable, robust and green heating

supply.

8) The combination of a geothermal doublet with an HT-ATES decreases the
geothermal capacity of the doublet, increases its lifetime and reduces investment
costs.

9) To gain geo-hydrological data for a subsurface exploration, it can be combined with
a geothermal conductor drilling what is very cost-effective being three to six times
cheaper than a dedicated test drilling.

10) The bigger the storage is and the better the layer to the upper subsurface isolates,
the higher the heat or cold recovery efficiencies are.

11) A temperature shift in the ATES from 15-18 °C to 25-40 °C did not show a severe
effect on the geohydrological environment. However, at higher temperatures heavy
metals were released. As soon as the temperature decreased the heavy metals
precipitated again. The temperature increase was suitable to compensate the
imbalance of a higher heat demand in winter compared to the cooling demand in
summer.
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12) Sulphur oxidising bacteria clearly indicate an oxygen ingress to a borehole after
geothermal plant downtimes. Periodic heat shocks are a promising procedure to
reduce biofilms and thus, to diminish corrosion processes.

Global warming potential

13) The global warming potential of a geothermal well and an HT-ATES system
depends mainly on the electricity consumption to operate both systems. Compared to
heat generated from natural gas, the heat originating from a geothermal well and an
HT-ATES have a 60% lower global warming potential considering the Dutch power mix
in 2019. The greener the power mix will become in the future, the lower the global
warming potential will be of such systems.

Replication and EC support for HT -ATES

14) Test drillings to characterise the subsurface are expensive and time consuming.
They are considered as a barrier for an easy market uptake of this technology. Hence,
more research and demonstration projects are recommended to establish inexpensive,
reliable and innovative technologies and their combinations in order to avoid
uncertainties during planning of an HT-ATES and to accelerate the planning process.

15) The highest risks are considered to be uncertain permit procedures and public
perception. Furthermore, the permit procedure for a HT-ATES requires usually several
years. We strongly suggest accelerating this procedure and to promote the
demonstration of full-scale pilot systems in order to develop suitable policies and to
show in practice that HT-ATES is a renewable, clean and safe technique.

The concept for heat recovery for the case study in Tain was presented by Marc Pidou
from Cranfield University. In Tain, the wastewater from the Glenmorangie whisky
distillery is treated in an anaerobic membrane bioreactor (AnMBR). The company
Aquabio and Cranfield University want to expand the circular economy approach
together with the Glenmorangie distillery and Alpheus, the current operator of the
treatment site. One part of this approach is the recovery of heat from the AnMBR
effluent and to reuse it at the site. Different scenarios are investigated in terms of their
feasibility. One scenario involves the heat utilisation for the ammonia stripping process.
The higher the temperature of the fluid is, the higher the shift of the equilibrium between
ammonium and ammonia towards the ammonia side is. Thus, a higher temperature is
beneficial for the stripping process. On the other hand, the heat could also be beneficial
for the reverse osmosis filtration process at the end of the treatment train for the new
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water reuse concept. The higher the temperature of the feed water is, the lower its
viscosity becomes, which increases the flux through the membrane. Hence, the
feasibility of both concepts needs to be assessed in order to choose the most beneficial
scenario.

Marc Pidou gave an update of CS7 in the follow-up meeting on March 30" 2023. A
boiler was installed successfully to produce heat from the biogas resulting from the
AnMBR for WKH *OHQPRUD Q J LFdrfherntore tie@dcqyary of heat is studied
in the pilot system, because it delivers several advantages: extracting the heat before
the AnMBR effluent reaches the struvite formation unit, decreases the struvite solubility
and thus, enhances its recovery due to a lower process temperature (Ariyanto et al.
2015). Reusing the heat for the air stripping process to recover ammonia allows to
operate the process at a lower pH and hence, saves sodium hydroxide. Also, for the
reverse osmosis treatment, a higher temperature can be an advantage in terms of the
viscosity as already explained before. Therefore, at CS7 a flexible system consisting
of two heaters was integrated in the pilot system, where heat can be transferred to the
water upstream of the air stripping unit and upstream of the reverse osmosis.
Experiments to operate the reverse osmosis at different temperatures of 20 °C, 30 °C
and 40 °C showed, a higher flux with increasing temperature from 7.3 L/(m2 h) to 8.2
L/(m2 h) with similar permeate qualities.

On May 14™ 2024, Marc Pidou presented further results from CS7. Again, according
to Ariyanto et al. 2015, a lower process temperature decreases the solubility of struvite
and might enhance its formation process. The highest solubility was observed at 35
°C. Therefore, the removal of phosphate from the AnMBR effluent was investigated at
temperatures of 20 °C, 30 °C and 40 °C. However, the removal rates were for all
temperatures very high between 95% and 93% and showed no clear impact of the
temperature on the struvite formation process. The reason therefore might be the
complex composition of the wastewater contributing to favourable conditions for
struvite precipitation. Hence, for this wastewater, higher temperatures around 35 °C
can be tolerated without the risk to decrease the struvite precipitation potential.
Regarding the ammonia stripping, the highest removal rates between 53% and 85%
ware reached at a pH of 9.8. As already described, the removal rate of ammonia
through air stripping increases with increasing temperature. Hence, a higher process
temperature can enable a pH decrease, while maintaining the same removal rate.
Therefore, different temperatures at different pH values were tested: 30°C at pH 9; 35
°C at pH 9; 30°C at pH 10 and 35 °C at pH 10. Also in this case, the removal rates
ranged between 68% and 72% and no clear impact of the temperature could be
revealed. However, the temperature difference of 5 K was not very high and thus, as
a next step, higher temperatures (e.g. 60 °C) will be tested, after the maximum
potential for a temperature increase in the system will have been determined.
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Anne Reguer from Sues RR IWS Chemicals presented the concept for the heat
recovery feasibility study at the chemical platform of Roussillon. On this platform, Suez
RR IWS Chemicals operates two hazardous waste incinerators. Each incineration line
has one furnace with quenching to cool the flue gas. The gaseous effluents from
incineration are washed to eliminate gases and dust in order to comply with current
discharge standards. The washing water is sent to a physical-chemical WWTP. The
first unit of the physical-chemical WWTP allows the cooling of the wastewater through
a set of heat exchangers to reduce the temperature from 87 °C to 30 °C. Until now, the
removed heat from this wastewater is entirely lost. Therefore, a feasibility study shall
analyse the potential to recover this thermal energy and to produce electricity and/or
vapour on-site from the hot washing water for a local use. The pH is around 5 and the
water contains high salt concentrations.

In the follow-up meeting, Anne Reguer presented the results of the feasibility study.
The technical risk assessment revealed a high risk for clogging events and corrosion
processes during heat recovery resulting from the high salt content in the washing
water, so that cooling water as a second source for heat recovery was chosen. Data
referring to one year of operation were analysed and showed a potential of 10 MW for
each incineration line. However, the assessment of the energy consumption revealed
that self-consumption scenarios are not sufficient to reach the 25% energy recovery
target and hence, additional consumers would be necessary. Applying a heat pump
for simultaneous heating and cooling and a vapour-compression heat pump in series
using heat showed for different capacities high operational expenditures with an
unsatisfying overall energy performance and high capital expenditures resulting in a
non-competitive steam price even with a depreciation period of 20 years. Applying the
Organic Rankine Cycle instead to produce electricity using the energy from the cooling
water or from the flue gas also revealed for both an insufficient return of investment.
The system might have been rewarding for temperatures of 90 °C and higher instead
of the available 87 °C. Hence, other options must be considered for the future.

The concept for heat storage and reuse related to the case study in Nieuw-Prinsenland
was presented by Marette Zwamborn from KWR. In Nieuw-Prinsenland is known for
its agro-food industry and its greenhouses. Especially during winter periods, the
demand for heat in greenhouses is high, while in summer usually excess heat occurs.
To tackle this challenge in a sustainable way, a high temperature aquifer thermal
energy storage (HT-ATES) is a possible solution to store the excess heat in summer
in the subsurface and to recover it in winter. ULTIMATE aims to develop and
demonstrate a cost-effective method to identify and characterise suitable aquifers for
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HT-ATES. Therefore, the drilling of a geothermal well in the Westland area is combined
with data logging in order to screen for potential HT-ATES aquifers. In that way,
geohydrological data are gained without the need of a separate test drilling.

Martin Bloemendal from KWR (NL) reported in the follow-up meeting the outcome of
WKH IHDVLELOLW\ VWXG stoiageR X Vdquiiets: SynthiDSi8 between
geotheUPDO KHDW DQG KHDW VWRUDJH the comiwhatiBn oH&ODVLELOL
geothermal doublet with an HT-ATES was considered for the potential implementation
at CS2. The potential to use HT-ATES to store excess heat from a geothermal plant
during the summer and recover it to supplement the heat supply from this source during
the winter was characterised by analysing the actual supply and demand, studying the
geohydrology at the site to determine the suitability of the subsurface for HT-ATES and
predict the performance, assess the financial feasibility and map the local governance
situation with regards to permits. To gain geo-hydrological data, the subsurface
exploration was combined with a geothermal conductor drilling what was very cost-
effective being three to six times cheaper than a dedicated test drilling. The
assessment concluded that the present aquifer is very suitable for the installation of
HT-ATES wells and that there is potential to increase the efficiency of sustainable heat
delivery from the geothermal wells to the greenhouses in a cost-efficient manner.

Stjin Beernink also from KWR (NL) presented in the final energy recovery meeting, the
potential to reduce of CO2 emissions with a large scale seasonal subsurface heat
storage. The feasibility to store between 57-107 TJ/a, which are available in summer
and demanded in winter, in a yearly storage volume of 0.31-0.52 Mm?3/a, was shown.
The local subsurface conditions are also suitable and enable a thermal recovery rate
between 65-80% depending on the actual demand. A simulation of the maximal
thermal effects after 20 years for the Middenmeer HT-ATES system showed a good
result supporting the intention to establish an HT-ATES in the Westland area. The
depth of the storage aquifer is supposed to be over 200 m deep containing saline
groundwater. Because no other systems are close by, which interests might be
harmed, a pilot license for should be very likely possible to be gained. Therefore, the
next step is to conduct an impact study and a corresponding monitoring.

Christian Remy from KWB (DE) presented the life-cycle assessment for the planned
HT-ATES system using the produced heat from a geothermal well in summer for
energy storage. In winter the stored thermal energy is supplied to the heating network
in addition to that from the geothermal well. Besides the baseline scenario (natural gas
as energy source for district heating), two HT-ATES scenarios were defined: 1) max
thermal energy input (105 TJ/a) and output (73.5 TJ/a) in and from the HT-ATES with
a heat loss of 30% and 2) min thermal energy input (92 TJ/a) and output (59.8 TJ/a) in
and from the HT-ATES with a heat loss of 35%. The global warming potential of both
HT-ATES scenarios are highly dependent on the electricity consumption to operate the
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geothermal well as well as the HT-ATES. Compared to the baseline, the global
warming potential of the HT-ATES scenario corresponds to roughly 40% of that of the
baseline considering the power mix of the Netherlands from 2019 with 505 g
COze/kWh. In the future however, when the power mix will contain more green
generated energy such as 250 g CO2e/kWh (estimated for 2030), the global warming
potential will further decrease to approximately 20% of that of natural gas. In this case,
more than 1000 t COze/a can be saved using the geothermal well in combination with
the HT-ATES.

Martin Bloemendal from the Technical University Delft and KWR (The Netherlands)
presented the outcomes of the project NextGen. The Westland region in the
Netherlands is known for its greenhouses and horticulture. A greenhouse belonging to
the Koppert-Cress company, is heated in winter via the recovered heat from an aquifer
thermal energy system (ATES). In summer, the excess heat is stored in the
subsurface. However, the heat demand in summer is higher than the cooling demand
in summer. Hence, the system is not in balance. One option to mitigate this imbalance
is to add extra heat and thus, to increase its temperature. Therefore, in NextGen, the
ATES was used as a pilot project to investigate the impact of a temperature increase
from the original range between 15 °C and 18 °C to an increased range between 25°C
and 40°C. The temperature shift did not show a severe effect on the geohydrological
environment. However, at higher temperatures heavy metals were released, but as
soon as the temperature decreased, the heavy metals precipitated again. Hence, an
imbalanced system can be efficiently compensated with external heat.

Hilke Wirdemann from the Merseburg University of Applied Sciences (Germany)
presented results from the German research project BioKS. In Neubrandenburg, an
ATES delivers heat in winter for district heating and in summer, excess heat from a
power plant is stored. The temperature of the cold well and of the warm well are around
47 °C and 75 °C, respectively. The cold well is highly affected by microbial induced
corrosion due to the activity of sulphate reducing and sulphur oxidising bacteria. The
growth of sulphur oxidising bacteria (SOB) indicated oxygen ingress to the borehole
during downtime phases of the geothermal plant (Westphal et al. 2016). The fast
decline of the SOBs after the restart of the plant indicated the exclusive affection of the
well. Corrosion experiments in a bypass system onsite revealed periodic heat shocks
as a promising procedure to reduce biofilms and thus, to diminish corrosion processes
(Kleybocker et al. 2017).

In the Molasse Basin, the risk of scaling in geothermal plants is quite high. Therefore,
a scaling inhibitor was tested in situ after successful laboratory tests. The permit to
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apply such an inhibitor in an open geothermal system depends on its biodegradability
and thus, on its environmental impacts. In situ investigations showed that fermentative
bacteria dominated the microbial community and their abundance increased after heat
extraction suggesting the anaerobic biodegradation of the inhibitor (Otten et al. 2021).

Dimitris Xevgenos from the TU Delft (NL) and Alessandro Trezzi a saline water
specialist from SOFINTER SpA (IT) presented the Italian case study on Lampedusa in
Italy, where 3500 m3/d are desalinated to cover the entire drinking water demands of
the island. In the frame of WaterMining, a sister project to ULTIMATE, waste heat
driven desalination and a suitable brine management shall be investigated. Therefore,
seawater is desalinated using nanofiltration. Two streams are produced, one
containing monovalent ions and one containing multivalent ions. The monovalent ion
containing stream is further treated by a multiple effect distillation, a thermal crystallizer
and a dryer to produce NaCl. Hereby, all three units produce high quality water, which
can be reused in industry. From the stream containing multivalent ions, Mg(OH)2 and
Ca(OH):2 are recovered via a multiple feed plug flow reactor for industrial reuse. The
residual stream is further treated in Eutectic freeze crystallizer to recover Na2SOa.
Using an electrodialysis with bipolar membranes, NaOH as well as H2SO4 are
recovered for internal recycling. The targets of the pilot operation are exploitation of
low temperature waste heat from a power plant, low temperature vacuum operation,
achieve a high recovery rate of the NF on feed water, gain a high distilled water quality
and allow for a self-adjusting process.

In the final ULTIMATE meeting for energy recovery, the replication potential as well as
the barriers for their market uptake and potential support coming from the EC were
discussed, after the Scottish and Dutch cases studies had presented their final results.
Those results can be found in the corresponding paragraphs of the case studies in this
chapter.

The low-grade heat recovery and reuse technologies are usually applied directly in
combination. Hence, recovery and reuse usually take place internally in a company
applying all processes at the same time and therefore, no special form of cooperation
or partnership is needed to exchange the heat.

This is different for the application of a HT-ATES system, which needs heat to store it
and provides heat on a seasonal demand, for example to a heating network. Here are
usually different companies or entities involved and certain forms of corporations and
partnerships, such as an industrial symbiosis, are necessary to guarantee the delivery
of heat and the demand for it.
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D1.10 *Lessons learned from synergy workshops

Bloemendal et al. (2015) created a map showing the potential for replication of HT-
ATES in terms of favourable subsurface conditions in Europe and worldwide. In
Europe, especially northern France, the Netherlands, Germany, Denmark, Norway,
Poland, Lithuania, Latvia and Estonia are having and will have a high potential based
on their geo-hydrological conditions and the climate in the future.

However, to determine in detail the suitability of the subsurface for a HT-ATES system,
usually expensive and time-consuming test drillings are conducted. Those are
considered as a barrier to an easy market uptake of the technology. More research
and demonstration projects are needed to establish inexpensive, reliable and
innovative combinations of technologies to characterise the subsurface (e.g.
geophysical investigation methods (sounding, seismic reflection), etc.) in order to avoid
uncertainties during the planning of HT-ATES systems and to accelerate the planning
process.

Fleuchaus et al. (2020) showed in a survey among 38 experts, that technical risks are
less critical than legal, social, organizational and political risks. They see the highest
risk in uncertain permit procedures and public perception.

Also, in the Netherlands in practice, the time frame, from application submission to
receive an outcome or in the best case a permit, needs for a LT-ATES currently roughly
3 months. However, the same procedure for a HT-ATES requires usually several
years. It would be very helpful to strongly accelerate this procedure. Currently the aim
is to reduce the duration to one year.

For the further uptake of HT-ATES in the coming years, we suggest promoting the
demonstration of full-scale pilot systems in order to develop suitable policies and to
show in practice that HT-ATES is a renewable, clean and safe technique.

The project leading to this application has received funding from the European Union §
Horizon 2020 research and innovation programme under grant agreement No 869318

52



'XULQJ WKH ZRUNVKRS 3 bXDétbmbe W7 2628,Rhé Edddépts of the
research activities related to the case studies Nieuw Prinsenland (CS2) and Tain (CS7)
were presented to 30 participants. In addition, outcomes and lessons learned from
other projects, such as Smart-Plant, NextGen and Run4Life, were discussed and
debated. A follow-up meeting was conducted on May, 2" 2023, in which 20 people
participated and the sister projects B-WaterSmart, REWAISE and WATER-MINING
shared their insights. After the key lessons from the discussion, the main take-home-
messages of the presenters are summarised. The full presentations are shown in
Annex 5 and 13.

Key lessons from the discussion:

1) Different innovative technologies for the recovery of nutrients have been
successfully implemented and applied for wastewater, sludge, kitchen waste and/or
non-hazardous organic liquid wastes:

- advanced biodrying and composting,

- bioelectrochemical systems and

- ultra-low flush toilet coupled with (hyper-)thermophilic anaerobic digestion.

- electrodialysis,

- fluidized bed reactor (FBR) for struvite precipitation

- stripping columns.

- adsorption columns.

- Aerobic Granular Sludge (AGS) systems.

- Anaerobic membrane biroeactors (AnMBRS). These systems are not aimed to
recover nutrients efficiently but produce nutrient-enriched effluents that facilitate their
recovery in downstream processes.

2) Nutrient recovery is possible in different forms: struvite, ammonium sulphate,
phosphorus as CaPO4 compounds, biofertilisers, phosphoric acid, solid NPK fertiliser
and within reclaimed water through fertigation.

3) Main barriers identified for nutrient recovery are related with regulations, social
acceptance of the products and market competition.

4) Future research lines of the tested technologies and processes are mainly related
to process optimization and technological implementation at full-scale.
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The presentation by KWR team was divided in two parts. First, Tavishi Guleria
presented the ULTIMATE case study 2, Nieuw Prinsenland in the Netherlands. The
CS aims at making the cultivation practices in greenhouses more sustainable through
the treatment of the produced wastewater, with the ambition of reaching zero liquid
discharge. The specific goals are to reuse the wastewater and to recover nutrients,
which are currently discharged to the sewer system. In particular, the effects of nutrient
composition in the reused water on plant growth and health (e.g. Na/K ratio) will be
investigated in a demo-greenhouse with the aim to reach the optimum nutrient balance
and prevent the accumulation of specific minerals (B, Cu, etc.). Finally, an economic
analysis of potential cost savings by using recovered nutrients will be performed.

In the second part of the presentation, Nienke Koeman-Stein presented some
successful examples of nutrient recovery projects of KWR. These projects, carried out
in cooperation with Aqua Minerals, succeeded in reusing calcite obtained from the
drinking water production. Particularly, calcite was proposed as a key ingredient in face
scrubs. Other reused materials were ferric (hydr)oxide pellets for the removal of
sulphur from (bio)gas, phosphorus from (surface) water and arsenic from
(ground)water. Moreover, in the CoRe (Concentration, Recovery & Reuse) process, a
liquid fertiliser was recovered from wastewater after anaerobic digestion of the
concentrated residue from a combination of forward osmosis and reverse osmosis
treatment.

The treatment scheme of the CS2 includes prefiltration, coagulation, sand filtration and
activated carbon and the final discharge is the sewer system. The proposed system is
circular to enable water and fertiliser reuse by removal of concentrated sodium and
recovery of nitrogen (N), phosphorus (P), and potassium (K). The new flow-scheme
includes the addition, after the existing treatment train, of electrodialysis (ED) for
nutrient recovery followed by disinfection for water reuse. The main advantages of ED
are the potential for ion-selective recovery, the prevention of sodium accumulation in
the final effluent and the ion concentration allowing to reach the needs of greenhouse
horticulture, whereas the main challenge is the process optimisation for nutrient
recovery. The initial results showed at EC of 1.9 mS/cm a recovery of K* up to 250
mg/L, a recovery of NOs up to 450 mg/L and a recovery of H2PO4™ up to 50 mg/L, while
with EC of 3 mS/cm the recovery of K* was up to 300 mg/L, the recovery of NOs™ was
up to 650 mg/L and the recovery of H2PO4" was up to 100 mg/L. In addition, the dilute
produced had acceptable water quality for irrigating greenhouses. The work is still in
progress and further testing with additional technologies (mono-selective
electrodialysis, ion exchange and donnan dialysis) as well as long term pilot testing will
be done until the end of the project.
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Mark Pidou from Cranfield University presented the nutrient recovery concept in Tain
(CS7). Particularly, in the current situation the wastewater produced by the
Glenmorangie whisky distillery is treated via AnMBR, which allows to remove 98% of
COD and produces an effluent with very high total ammonia nitrogen (TAN) and
phosphate concentrations. The investigation of different nutrient recovery technologies
will be done in order to identify the most cost-effective option that will be integrated in
the demonstration system to be tested at the distillery.

Three alternatives are currently being analysed:

x Stripping columns: established technology, but very energy intensive and with
a large footprint

X Precipitation as a pretreatment for the ammonia stripping unit: through pH
adjustment and addition of magnesium, struvite can be precipitated.

X lon exchange: the technology is characterised by a small CO2 footprint, but tests
are needed to understand if the adsorption capacity is sufficient at high
concentrations.

Laboratory experiments will be performed to investigate the impact of the ammonium
concentration on the efficiency of the proposed recovery technologies. The aim is to
identify the best technology and its optimal operational conditions to maximize
ammonia recovery from distillery wastewater.

After a review of the existing technologies, the selected process scheme includes
struvite precipitation and a stripping column with scrubber. Struvite precipitation is
obtained through a fluidized bed reactor (FBR) composed of four different sections with
a volume that becomes greater from the bottom to the top. The velocity is reduced by
moving to the larger sections, larger particles precipitate to the bottom in the narrowest
part, while smaller particles arrive at the largest section at the top, together with the
effluent. Key results are: 62+15% POa-P removal and 18.6 kg struvite/d (theoretically)
with no significant contamination by metals. For what concerns the stripping process,
in the first column the wastewater is fed at the top while the air moves in the opposite
direction. In this way the ammonia passes from the liquid to the gas phase. Then the
air, rich in ammonia, is passed through another column where the ammonia is re-
solubilised in the liquid phase, in different forms depending on the type of acid used.
Key results are 69+16% TAN removal. In conclusion, more than 75% of P and N
removal was obtained with the combined FBR/stripping processes where the FBR
effectively protects the stripping unit from scaling.

Sergio Ponsa is the leader of the BETA Technology Centre. His research group is
involved in different projects where nutrient recovery is investigated. Within the Smart-
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Plant project, nutrients were recovered in different forms (struvite, ammonia and
phosphorus as CaPO4 compounds, tailor-made biofertilisers), BETA developed an
advanced biodrying and composting process to recover both energy and nutrients
contained in sludge. The quality of bio-based fertilisers was analysed through
agronomic tests in terms of their emerging pollutant contents and heavy metals
concentrations. Barriers and opportunities for the recovered materials were discussed:
X Barriers: regulatory difficulties related to the exclusion of sewage sludge as
input material for the production of fertilisers according to the European
regulation as well as in regard to the market competition.
X Opportunities: decentralised production (near of the end-users), WWTP turning
into biorefineries, job opportunities for the production of tailor-made fertilisers
(reducing heterogeneity, improving delivery, etc.)

Finally, the comparison of the SMART-Plant biofertilisers to traditional fertilizing
products revealed a higher content of nutrients, a lower energy demand for their
production and a higher costs.

Jonas Schneider from Abwasserverband Braunschweig (Germany), partner of the
NextGen project, talked about their new full-scale nutrient recovery plant. Within the
project, nutrient recovery is achieved at the WWTP in Braunschweig that includes units
for struvite precipitation and ammonium sulphate production. In the case of struvite
precipitation, the first results showed a very low recovery rate with small crystal size.
The main challenges relate to the long time necessary for increasing particle size and
the need for a very low concentration of TSS in the process. On the other hand, the
ammonium sulphate unit allowed to reach ammonia recovery rates even higher than
required. As a follow up of these observations, for struvite precipitation an improvement
of the process aiming at increasing grain size and reaching high phosphorus recovery
rates will be evaluated by changing the hydrocyclone geometry, using different MgCl:
dosages and varying the hydraulic retention time in the precipitation reactor. On the
other hand, for the ammonium sulphate production variations in temperature and
NaOH addition will be tested to maintain a high ammonia recovery rate, while reducing
the energy and/or NaOH consumption.

Nicolas Morales Pereira from Aqualia (Spain) is the Run4Life project manager and
gave a presentation about current results and exploitation pathways of the project. The
main concept of Run4Life is the source-separated sanitation and resource recovery
from wastewater and kitchen waste. The concept is applied at four demo sites.
Different technologies such as an upflow anaerobic sludge blanket (UASB) reactor, an
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AnMBR and a (hyper-)thermophilic anaerobic digestion (HTAD) reactor are applied to
treat kitchen waste and/or black water recovering nutrients in the form of struvite (a
phosphate fertiliser), phosphoric acid (a phosphate fertiliser) ammonium sulphate (a
nitrogen fertiliser) and solid NPK fertiliser. Social aspects and involvement of citizens
and farmers was a crucial aspect to evaluate the acceptance of the fertilisers. In
Lemmerweg case study an ultra-low flush toilet was developed obtaining highly
concentrated backwater to be treated via HTAD. Using this technology, it is possible
to obtain biogas production, hygienisation and two main fertiliser streams. Finally, at
the Porto do Molle demo site, up to 61% of initial N have been recovered with
bioelectrochemical systems.

Patrizia Ragazzo from VERITAS S.p.a. presented nutrient recovery in B-WaterSmart
and, in particular, in the Venice Living Lab. The Living Lab includes two pilot plants for
N-recovery by stripping and salt production and two decision support system (DSS)
tools supporting the decision-making process regarding the reuse opportunities of the
final effluent and the sludge management. The N-recovery was performed with two
stripping columns using two different substrates: liquid fraction from the anaerobic
digestion process and the liquid fraction of OFMSW (organic fraction municipal solid
waste) from the anaerobic co-digestion. Two different technologies are studied.

X The first one includes a traditional stripping packed column to facilitate the
transfer of ammonia from the liquid to the gaseous phase. The column is
sensitive to clogging and scaling, so a pre-conditioning of the matrix is required:
heating up to 60 °C and pH=11 and dosing chemicals in a flocculation process
to remove solids. After the stripping column, there is an adsorption column to
produce ammonium sulphate. The technology usually allows for high removal
efficiencies, but the preliminary flocculation process determines the production
of sludge.

X The second technology is simpler. There is no need of pre-treatment and no
sludge production but has a lower yield and longer retention time.

Jose R. Vazquez-Padin from Aqualia presented nutrient recovery in the REWAISE
project by comparing different technologies.
X Anaerobic membrane bioreactor (AnMBR): associating the anaerobic process
with membrane allows for lower energy demand, lower sludge production, lower
CO2e emissions, high quality permeate. In addition, the process allows to obtain
high quality treated water rich in nutrients, which could be used for fertigation.
x Decentralised AnMBR: separation at source of blackwater (BW), kitchen waste
(KW) and greywater (GW), allowing to reach high COD removal (Run4Life
project).
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X Memb-raner: the Rewaise Case Study regards a car factory where a pilot plant
treating 10 m3d of urban wastewater has been implemented including
anaerobic digestion, ultrafiltration membrane and dissolved methane recovery.
The methane recovery unit is necessary because the permeate is saturated with
CH4 causing potential loss of energy and greenhouse gasses (GHG) emissions,
results showed 80% methane recovery at -625 mbar and 90% methane
recovery at -760 mbar. The study for the recovery of nutrients from the permeate
is ongoing at laboratory scale.

x Urban wastewater treatment plant: combined treatment of wastewater and
biowaste in small populations (LIFE ZERO WASTEWATER project).

x OFMSW leachate treatment: new sustainable and circular economy-oriented
treatment including stripping and membrane contactors to recover ammonium
in the form of biofertilisers and thermophilic AnMBR (55 °C) the purge as organic
fertiliser (LIFE INFUSION project).

Nouran Bahgat gave a presentation about nutrient recovery in the Water Mining project
and, in particular in the Case Study 4 (P-removal to ultra-low levels and P-recovery)
and Case Study 3 (extracellular polymeric substance (EPS) (Kaumera) Valorisation).
The technology is based on Aerobic Granular Sludge (AGS), which is composed of
granules formed by several layers depending on the level of oxygen penetration inside.
In the CS4, a pilot plant, BioPhree, was developed including different adsorption
columns to remove the phosphate. The iron oxide-based adsorbent goes to a
regeneration cycle to separate the phosphorus obtaining a liquid flow rich in
phosphorus. In the CS3, the biopolymer Kaumera Nereda® gum (Kaumera) is
extracted from AGS. The main objective is to recover the EPS, additionally nitrogen
and phosphorus is partly recovered as integral part of the polymer. The extraction
process includes an alkaline reactor followed by an acidification tank and an anaerobic
digester for sludge treatment. For the P recovery a decanter is added with the alkaline
reactor and a disc centrifuge is added with the acidification tank. From the mass
balance, recovery is under evaluation considering, together with the phosphorus in the
final polymer (19%), also acid-Orthophosphate from the acidification tank (27%) and
the POs-P in the digestate effluent from the anaerobic digestor (11%). Phosphorus
effect on Kaumera properties and potential applications (ex: flame retardants). Finally,
for the nitrogen, the mass balance shows a possible recovery in the polymer (7%) and
as NHas-N in the digestate from the anaerobic digestor (5%). Possible future scheme
may include alkaline hydrolysis and acidic precipitation with anaerobic digester and P-
chemical precipitation.
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'XULQJ WKH ZRUNVKRS 30DWH U lobiné) BI*RO2H, the EAEptYI HXV H '

of the research activities related to the case studies in Israel (CS6), Greece (CS4) and
Italy (CS3) were presented to around 20 participants. In addition, outcomes and
lessons learned from previous projects, including Smart-Plant, Routes, Res-Urbis,
Water2REturn and Sludge4.0 were discussed and debated. Two follow-up workshops
were conducted: the first one on November, 22" 2023 with 25 participants and the
second one on June, 4" 2024 with xx participants. In these workshops, apart from
some updates of the aforementioned ULTIMATEYV FDVH VWXGLHYV

RWKHI

SUHVHQWHG L H &6 7DLQ &6 6W 0D X UsiskeHr@ide(§LO )UD(

WIDER-UPTAKE and WATER-MINING also participated, as well as Circular
Biocarbon project. After the key lessons from the discussion, the main take-home-
messages of the presenters are summarised. The full presentations are shown in
Annex 6, 14 and 18.

Key lessons from the discussion:

1) Recovery of value-added compounds can bring multiple advantages: removing of
components which are harmful for a specific treatment, obtaining marketable products,
allowing for the reuse of a residual/out of specification material.

2) Recovery of value-added compounds usually require the implementation of different
treatment steps to be implemented in existing plants.

3) Both laboratory and pilot tests are key steps for the implementation of recovery
process of added-value compounds.

4) The quality of the final product is fundamental for the market accessibility; specific
treatment steps are usually necessary to reach an adequate quality.

5) Legislation is fundamental for the recognition of a recovered material as product if it
is generated by a waste (end-of-waste criteria).

6) Different technologies for the sustainable recovery of materials from diverse water
streams and/or non-hazardous organic liquid wastes have been implemented:

- Hydrothermal carbonization (HTC),

- Adsorption columns,

- Absorption columns,

- Solar desalination

- Aerobic Granular Sludge (AGS) systems.

- Alternative biocomposite production.
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- Advanced oxidation process (AOP)
- Struvite crystallization.

7) Material recovery is not normally the only approach in all the case studies presented.
For instance, in Rosignano (CS3 of ULTIMATE), they tried to increase the quality of
water reuse by reducing the salt intrusion in the reclaimed water. In addition, CS1 of
WATER-MINING focused on increasing the yields of seawater desalination.

8) All the cases focused on recovering materials from liquid streams, except for CS8
of ULTIMATE that works with flue gases.

9) The materials to be recovered are diverse: hydrochar, coagulant and softening
agents; limestone; polyphenols; NaHSO3, biocomposites; magnesium and sodium
chloride; biostimulant, water absorbent or coating binder; struvite; cellulose, alternative
construction materials.

10) Apart from the potential barriers in the previous workshop (points 4 and 5), others
were detected: competition with conventional unsustainable products; low production
to significantly enter in the market; lack of successful large-scale case studies.

11) The replication of the technology of CS8 is challenging as different incineration
plants present significant variability from each other.

12) In general, the quality of the fertilisers obtained in CS7 was high, with limited
organics and metal contamination, also negligible risks of chemical contamination.

13) The producers of wastes (potential material recovery) are not generally interested
in the production of renewable materials for several reasons: lack of knowledge on
material recovery processes, scarce introduction on the market of renewable products,
low incomes from the by-products, etc.

14) Material recovery is even more challenging from urban wastewater. In fact, it is
barely mentioned in the new wastewater treatment directive. Industries can be more
relevant actors to exploit the high potentiality of material recovery from industrial
wastewaters as they can be associate more efficiently (industrial symbiosis).

15) With respect to end-of-waste criteria, it is hard to demonstrate all the conditions
that need to be accomplished, especially with certain products such as alternative
building blocks.

16) Great challenge on obtaining feedstocks with enough quality to obtain products
with enough quality (and stable characteristics) to be competitive in the market.
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17) Public-private collaboration is necessary. Facilitating and accelerating the
permission and authorization procedures is also important.

18) It is also essential to obtain subsidies in terms of grants, loans or other forms to
promote high investments in circular technologies.

Dimitris lossifidis from GTG is involved in the research activities related to CS6 and
CS4, leading the research tasks on material recovery. In CS4, located in Nafplio
(Greece), the objective is to treat wastewater produced by the fruit processing industry
to isolate useful/value-added compounds such as polyphenols, flavonoids and
anthocynins. The treatment system is composed of coagulation/sedimentation steps
to precipitate suspended solids, an extraction process to recover value added
compounds, advanced oxidation and a biological treatment. Value added compounds
are selectively adsorbed on a solid phase such as resins followed by an extraction with
suitable solvents. Subcritical water extraction will be applied as a non-hazardous
method with high efficiency and low costs. Polyphenols will be recovered, which are
found in fruit and vegetables with significant biological activity and/or health promoting
properties and that have a high market value. Static and dynamic adsorption
experiments have been carried out to determine the optimal condition for polyphenols
adsorption, resulting in a 60-95% removal. In terms of recovery, the best results were
achieved using MeOH-H20 as solvent.
In CS6, located in Israel, the objective is the recovery of polyphenols from olive oil mill
wastewater. In this case the removal of polyphenolic compounds is also necessary to
avoid the inhibition of anaerobic digestion that may lead to a reduction in biogas yield.
Polyphenols from olives and grapes haYH D PDUNHW YDOXH UDQJLQJ IUR!
Y% J $ VLPLODU WUHDWPHQW V\VWHP WakoWtiisedin HP S O R\ |
CS6: polyphenols in olive mill wastewater will be adsorbed on resins using hot water
and methanol as solvent.

In the first follow-up meeting, the outcomes of CS4 and CS6 were updated. In CS4,
results showed maximum adsorption capacity of 22.78 g of polyphenol per kg of resin.
This means 60% of recovery in 30 min and 95% in 60 min (yield of 130 g of polyphenol
per m? of wastewater). Results on dynamic adsorption showed that the adsorbent can
recover polyphenols for at least 10 regeneration cycles, implying that 1.7 m?3 of
wastewater can be treated per kg of resin per cycle. Regarding the recovery of the
resin, optimal results were obtained when using MeOH-H20 (70% of recovery from the
resin). It must be noted that the final product consists of a mixture of polyphenols. Their
separation is not efficient enough in this system to produce pure polyphenols.
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Regarding CS6, they need much more methanol to reuse the resin (up to 1L MetOH/L
water), although the recommended solvent ratio was 1 liter of methanol per 4 liters of
wastewater.

In the second follow-up meeting, Myrto Touloupi (GTG) updated the results from CS4.
For the resin selected (amberlite TM FPX66), 85% of polyphenol were adsorbed: i)
orange by-product (4.7 g polyphenols/(kg product)); ii) olive by-product (23.7 g
polyphenols/(kg product)).

For the extraction, conventional solvents were tested (H20, methanol, ethanol). Better
results with MetOH, but it is toxic and expensive. Hence, different dilutions were tested
aiming to find a good balance between high extraction and low toxicity and costs.
They also performed supercritical CO2 extraction, obtaining better results without
adding extra solvents.

Further research will focus on trying to replace resins, as they are expensive, i.e., cost
2500 Y4 Kkg. This is expected to reduce costs by 90%.

Francesco Fatone from UNIVPM and Francesco Rossi from CPTM presented CS3 in
Italy. The case study concerns the Aretusa wastewater reuse plant (WWRP) which is
a tertiary plant aiming at refining the quality of the effluent water from the municipal
WWTPs of Cecina and Rosignano to make it usable for the cooling towers of Solvay
industry. To allow industrial reuse, specific quality limits must be met, which is
challenging in terms of salinity and chemical oxygen demand (COD). The reuse of by-
products from the industrial area will be tested to increase the quality of the final water.
In particular:

X The possibility to reuse chemical (i.e., alum/ferric) sludge from
coagulation/flocculation in the Aretusa WWRP will be analysed and potential
users will be identified via the Alu Circles Initiative.

X A pilot-scale adsorption system will be tested with alternative sludge-biowaste-
originated GAC. The monitoring system will include sensors for the
measurement of conductivity, pH, UV radiation and fluorescence. The latter two
variables are surrogate parameters for the determination of organic pollutants.

X Mineral by-products will be used as alternative coagulants and/or adsorbents.

Several industrial by-products have been tested in the laboratory. Adsorption tests

showed that organoclay has much lower adsorption capacity compared to an activated

hydrochar for the removal of organic matter and target micro-contaminants (i.e.

diclofenac). Softeningtests ZLWK JUDQXODWHG OLPHVWHR®RWeHgBoQ G 36 RGD
hardness removal in the tested wastewater with reductions ranging between 46% and

87%.
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In the follow-up workshops, Massimiliano Sgroi from UNIVPM updated the results
obtained in this Case Study 3. The potential materials to be recovered in this CS are:
i) Hydrochar from hydrothermal carbonization (HTC) of sewage sludge to be used as
soil amendment, adsorbent (in GAC process) or for energy production. With respect to
the hydrochar, the pilot plant was designed according to laboratory data. Lab-scale
results also showed the need of activating the char to be able to adsorb the pollutants.
To activate the char, the following was needed: i) Mixing of char pellets with KOH in
flakes (KOH to char ratio: 1:1); ii) heating up to 600°C (5°C/min), isotherm for 1 h and
cooling (5°C/min) with N2 purging; iii) washing with 5M HCI and demi water (up to pH
7); iv) drying at 105°C until constant weight. This activation improved the adsorption
capacity significantly.

i) Soda (Na2COs IURP 6ROYD\ SURGXFWLRQ OLQH &odRt®D 6ROYD
specification. Hence, it is tested as coagulant and softening agent.

LLL *UDQXODWHG OLPHVWRQH URFNV B3SUHFRWWR"~ ZKLFI
slacked, with Ca(OH)2 content of around 9%, i.e., not accomplishing the requirements
for commercialization (out of specification). Hence, it can be reused in alternative
applications such as in the construction section, ceramic production or as coagulant
and softening agent.

iv) Solvay also produces H202. This compound is a promoter of OH radicals when
coupled with UV radiation, so this H202/UV technology has been tested as improved
advanced oxidation process (AOP). In addition, digital tools (UV and fluorescent
sensors) have been tested as surrogate parameters to monitor the quality of the
effluent water. The fluorescent sensors 275/354 nm showed to be more accurate to
monitor the presence of emerging contaminants than UV sensors.

The UV/H202 showed relevant removal of CECs, which confirms the potential of this
technology to use the H202 from Solvay industry.

This technology was proved with municipal wastewater but has the potential to be used
in other water media such as industrial wastewater. In these cases, another emission
wavelength would be probably needed.

The coagulation-flocculation process, that mainly aimed to remove COD and hardness
(Ca, Mg), showed better results using Soda Solvay than Precotto or their mixes. These
results (jar-tests) were used to design the pilot plant that is currently under operation.

This presentation was carried out by Rodolphe Vautherin from Suez (3S) and
consisted of the recovery of sulfur and metals at the chemical platform of Roussillon
(France). In this platform, liquid hazardous wastes (mainly from chemical industry with
high salt and sulfur content) are incinerated at 1100 °C. Flue gases are then efficiently
desulfurized, but the sulfur was not recovered. Within the framework of ULTIMATE
project, the sulfur aims to be recovered in the form of a marketable solution (NaHSO3).
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To do so, a lab-scale pilot process has been developed to study the impact of certain
operating conditions on the absorption of SO-.

As main conclusions from the batch tests:

i) SOz is absorbed in high yields when the ions required for absorption are present in
the solution.

i) Absorption efficiencies do not depend on the concentration in the liquid phase.

iii) the lower the temperature, the higher yield of reaction.

Regarding the second phase, i.e., pH control tests, at pH 8, absorption yields reached
values over 96%; whereas at pH 5 yields were around 70%. As main conclusion, pH
control was possible and showed good results, but they have to be confirmed in real
flue gases as they can produce secondary reactions that decrease the absorption
yields.

Finally. CS8 aims to create a model that represents the industrial pilot mathematically
(using MatLab). This model is expected to: i) predict the pilot behavior and estimate
interesting configurations to be tested,; ii) better understanding of the mechanisms of
SOz absorption; iii) better analyse the impact of secondary reactions.

In the final Material recovery workshop, Anne Reguer presented the updated results
of CS8. Pilot tests carried out with 4 different wastes from diverse customers, with
percentages of sulfur concentrations in variables ranges within 12-49%.

Some of the improvements made are:

- Reduction of washing water volume in scrubber

- Avoiding condensation and water accumulation.

- Continuous operation during sulfur waste incineration.

Results obtained so far (still in progress) showed concentrations of NaHSOs in the
range of 83-216 g/L, whereas for NasSOs the concentration is in the range of 0.1-7.4
g/L and for Na2SOas is 0.4-3.3 g/L. These yields are lower than expected, but
optimization is foreseen.

About 40% of SO:2 is captured by the washing process. To improve this yield, it is
necessary to remove basic waste from the furnace inlet and reduce the pH of the first
washing steps.

The overall yield of the industrial pilot is around 99%, being most of it removed in the
second step (sulfite production), rather than the first step (bisulfite production).

The results from the developed model suggest that the process can be improved if the
temperature is reduced to 50-60°C. They will probably need a third column to obtain
the targeted pH.

They also obtained promising results in terms of metal composition.

Additionally, Stephane Deveughele (3S) explained their approach related to IT tools
applied to CS8. Their approach is configuring a single IT application that carries out
technical and economic studies in the CS8, based on the software WasteAdvanced®.
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In the final workshop of material recovery, Marc Pidou (UCRAN) explained the results
obtained in CS7: Glenmorangie distillery. They treat the distillery wastewater using
AnMBR system, which effluent contains high nutrient concentrations (795 mg N/L; 236
mg P/L; 43 mg Mg/L). These nutrients are aimed to be recovered by two technologies:
i) struvite crystallization process to recover phosphorus as fertiliser; and ii) stripping
column to recover ammonium sulfate (fertiliser or other potential applications). After
recovering these nutrients, water can be also reuse onsite (after reverse osmosis post-
treatment).

One difficulty in struvite precipitation is the low amount of magnesium (below the molar
ratio needed: NH4/PO4/Mg=1/1/1). Consequently, they add Mg to the water to increase
the removal of PO4 (NHa4 is in excess). They tested different operating pH values (7.4-
9.4) in a reactor with different sections to facilitate the crystal formation and their
precipitation. As results, P-removal increased (around 80%) with higher pH (over 8.9).
At the highest P-removal, POs4 concentration in the effluent accounted for 45-
53 mg P/L. Higher removal could be achieved by increasing the Mg/P ratio (0.5-1.1).
However, the type of product also changed with pH, being more pelleted under lower
pH conditions and more soluble at a higher pH. Understanding how the product is
structured with pH values is important from the commercialization point of view, as the
product will need to present certain characteristics.

With respect to N-recovery, it increases with pH, obtaining the highest at pH 9.8 (69%).
Under pH values of 9 the recovery is quite low (around 10%).

,Q JHQHUDO WKH SURGXFWVY TXDOLW\ ZDV KLJK ZLW
contamination.

Despite the promising results, for the distillery company, the recovery of nutrients is
not a priority for their business. They generally focus on their production process and
subcontract the waste management. This is also related to the low profit that can be
obtained from the final products. On the other hand, there is significant symbiosis with
local farmers in terms of recovering the sludge from AnMBR directly in land.

The interest of the company in the technology would be avoiding treatment costs rather
than producing valuable products. This lack of interest in the market is a clear barrier
in the development of circular and symbiotic technologies and processes.

Material recovery can be even more challenging in urban wastewater rather than
industrial wastewater. The moderator Francesco Fatone believes that companies can
associate more efficiently between them to move the material recovery sector forward.

Afterwards, Johannes Koslowski (KWR) presented some results about the quantitative
chemical risk assessment (QCRA) of CS7. More specifically, he analyses the
environmental effects of adding the fertilisers produced by the aforementioned
technologies.
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The methodology implemented used Monte Carlo simulation to evaluate different
scenarios and concentrations of potential pollutants throughout the time. The
methodology also defines the negligible, acceptable and unacceptable level of risks.
The CS7 struvite contains significant amounts of Ni, Zn and Cu. Due to the high
variation of the concentrations of these metals, two scenarios were defined (high and
low concentration of each metal). The CS7 struvite always showed negligible risks,
assuming that the fertiliser would be applied for 100 years.

Riccardo Gori from UNIFI (ltaly), a partner of the Sludge4.0 consortium, talked about
material recovery from sewage sludge. The project investigated the benefits obtainable
from the products of hydrothermal carbonisation (HTC) of sludge, namely hydrochar
and process water, with a focus on the optimisation of the process cycle, and on the
social, economic and environmental sustainability of the technology.

HTC is a non-oxidative thermochemical treatment conducted at medium-high
temperatures (180-250 °C) and developed to process organic materials. In the project
SLUDGE 4.0, HTC has been applied to primary, secondary and digested sludge
allowing for the production and recovery of hydrochar and process water rich in
nutrients that can be used for fertigation.

The produced hydrochar is a carbonaceous solid classifiable as lignite, which can be
reused as a fuel product, soil improver or adsorbent after an activation procedure. The
process water is the result of the mechanical separation that is carried out downstream
of the HTC reaction. In this liquid fraction, numerous inorganic and organic compounds
of great interest for agriculture. They are dissolved and can be recovered through water
treatment and concentration technologies.

Marit van Veen, from CirTec (The Netherlands), presented the cellulose recovery from
sewage and the work performed as partner in the H2020 Smart-Plant project. Dynamic
rotating belts with fine screen have been used as pre-treatment in wastewater
treatment plants, obtaining cellulosic material as recovered product. The process has
different advantages for the wastewater treatment plant, including the reduction of
energy requirement (15-20%), lower production of sludge (20%), lower use of
chemicals (20%) and reduction of maintenance cost. However, the recovered products
are not saleable, because they contain too many pollutants and impurities. The
3&HOOY DW was@ewrlogedad/a treatment unit including the following steps: grit
removal, cellulose washer, rotating belt fine screen, screw press, thermal dryer, and
finally hammer mill or pelletiser (https://www.cell-vation.com/cellvation-process). The
material produced, called Recell, can be obtained in the form of cellulose fluff or as
pellet. Recell-based products as asphalt additives, biocomposite, insulation boards
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and building blocks have been produced and already been applied in real
environments.

Mauro Majone from the Sapienza University of Rome (ltaly) spoke about his
experience in polyhydroxyalkanoates (PHA) recovery in the framework of three EU
projects: the project Routes and the two H2020 projects Smart-Plant and Res-Urbis.
PHA is a family of copolymers constituents of several bioplastics, with a wide portfolio
of applications. PHA are produced from renewable feedstock through biological
processes DQG DUH HDVLO\ D QradabW.UnKadditiof, LtHeyrade a high
market potential. Treatment steps to recover PHA from urban bio-wastes are largely
validated at lab-scale, but a pilot scale experimentation is essential to supply technical-
economic data and to identify the best management procedures for optimising the
process. In Routes, PHA were recovered from municipal wastewater through a pilot
system that included the processes of fermentation, biomass production, polymer
production and polymer recovery. In Smart-Plant, PHA were recovered from sewage
sludge through the SHEPPAR wunit in SMARTech 5 (https://www.smart-
plant.eu/index.php/technical-factsheets). The recovery process includes fermentation,
aerobic/anoxi feast/famine SBRs, a nitritation SBR and a batch reactor for PHA
accumulation. A recovery rate of 0.7-0.8 kg PHA/d was achieved through the pilot
plant, with a recovery projection of 1-1.2 kg PHA per population equivalent for a full-
scale process. In Res Urbis, PHA were recovered from urban organic waste through
acidogenic fermentation, solid/liquid separation, an aerobic SBR for biomass
production and an aerobic batch reactor for polymer production. Finally, through an
extraction/purification process, bioplastics were recovered from the polymer-rich
biomass. The PHA content of contaminants is generally low. Preliminary results
showed that waste based PHAs slightly exceed the limits for heavy metals set by the
EU Regulation (EU 2011/10) on recovered plastic materials that can be in contact with
food. On the other hand, the PHA samples complied with the EU limits for the safety
of toys and plastic materials that can be in contact with refrigerated or frozen food.

Peter van Gilst (NPSP) introduced the Dutch case study of the H2020 project WIDER-
UPTAKE. This case study aims to produce biocomposite materials and prototype
products from water-embedded resources, focusing on the application of raw
materials, not the recovery and production of the raw materials themselves. From raw
materials such as (cellulose, calcite, vivianite, biochar, bio-based resins and fillers and
others), products are obtained to be applied in facades, bank protection, construction
materials, signing and design products.

As main challenges of these sustainable products, raw materials require availability in
enough quantities, proper specifications (mechanical and chemical properties,
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processing, and storage conditions), supply consistency (quality and economics),
marketable materials (not treated as mere wastes). However, waste-based materials
tend to present variable properties according to their place of origin and seasonal
influences. Minimum processing and ordering volumes combined with best-before
dates can create barriers for scaling up new materials. With respect to bio composites
requirements, main issues are related to mechanical and esthetical fits for applications,
the market competitiveness with conventional products and the reproducibility of their
guality. Policies and regulatory issues have been also detected in the framework of
this CS. In this respect, national implementations of the Waste Directive are needed.
Moreover, true pricing may stimulate competitiveness of new sustainable material as
it is unclear if renewable bio-based materials are fairly valued.

Rodoula Ktori (TU Delft) gave a presentation about material recovery in the WATER-

0,1,1* SURMHFW DQG LQ SDUWLFXODU LQ WKH &DVH 6WXG\
PLQLQJ" L H UHQHZDEOH GHVDOLQDWLRQ DQG VXVWDLQ
objective is to demonstrate the compelling advantages of advanced desalination

combined with renewable solar energy and waste heat, while softening pre-treatment

and improving water and other value-added resource recovery.

In the Italian case study (Lampedusa island), the desalination plant fully covers the

total drinking water needs of the island. Its energy consumption accounts for around

10% of the total energy of the island. The main targets of this CS is to cover 50% of

the total energy by renewable energy and waste heat, reduce the energy consumption

by 10%; increase water recovery to at least 80%; and obtain magnesium and sodium

chloride purity higher than 90%.

Philipp Wilfert (TU Delft) presented the main results of the CS3 (Portuguese case

study) of the WATER-MINING project. This CS expects to obtain valuable polymer out

of WWTP sludge (with local use), as well as involve local stakeholders. Faro/Olhao
WWTP is a large facilit\ ZL WK SH 7KH 3. DXPHUD" SURWRW\SH LP.
study is based on aerobic granular sludge (Nereda®), which helps to reduce the area

of reaction, thus decreasing the energy consumption. These sludge-based granules

with bacterial EPS can be used on agricultural soils as biostimulant, water absorbent

or coating binder. Preliminary results are promising, but the product must adapt to

customer needs and not the other way around.
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D1.10 *Lessons learned from synergy workshops

Placido Auresanz (URBASER) presented the H2020-Circular Biocarbon project, which
is related to the development of industrial-scale biorefineries from the organic fraction
of municipal solid wastes (OFMSW) and sewage sludge (SS). More specifically, two
biorefineries are being built: one in Zaragoza (Spain) and another one in Sesto San
Giovanni (Italy).

Expected products of Circular Biocarbon include coating of direct consumer products,
coating of mechanical moving parts, of plastic molding tools, biodegradable waste
bags, graphene-based products, biodegradable soil mulch films, organo-mineral
fertilisers, and liquid biostimulants.

With respect to end-of-waste criteria in the framework of this project, they find
difficulties demonstrating all the conditions that need to be accomplished, especially in
the case of the production of alternative building blocks. As currently there is not
significant market or demand for these products, the potential of this technology is
underdeveloped.

The main challenge in this case study is related to ensuring the supply of raw feedstock
with enough quality to be introduced in the anaerobic process. They suggest the
selective collection of OFMSW to achieve this goal. The micro-pollutants contained in
sewage sludge are also a major issue that complicates the anaerobic digestion
process. These issues are also related to obtaining low-quality products, thus making
the biorefineries unfeasible.

To tackle these challenges, they indicate that public-private collaboration is necessary.
Facilitating and accelerating the permission and authorization procedures is also
important. It is also essential to obtain subsidies in terms of grants, loans or other to
assume the high investment in circular technologies.
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,Q WKH ZRUNVKRS % NMaywD02091D 58 p& <pns participated and the
case studies Rosignano (CS3), Lleida (CS5) and Kalundborg (CS9) presented their
concepts. In addition, we learned from the projects Digital Water City and
Fiware4Water about their outcomes of the projects, discussed our concepts and the
results of the other projects. A follow-up workshop was conducted on Sept. 26" 2023
with 27 participants. The sister project B-WaterSmart contributed with a presentation
to the workshop and shared its insights. After the key lessons from the discussion, the
main take-home-messages of the presenters are summarised. The full presentations
are shown in Annex 7 and 15.

Key lessons from the discussion:

1) For all digital tools, the main work is the model and its validation. A model can be
only as good as the quality of its used data is. Thus, reliable sensors and regular
maintenance of those are mandatory. Hence, data validation and reconciliation as well
as its quality control are crucial. A very big challenge is not having direct access to the
data. Then, a very good communication/connection to the operator needs to be
established to receive the data in time.

2) Systems, that rely on publicly available data, face a huge challenge, because not
only internally the data types vary, but also already on a national level, they vary from
region to region. To have access to the same data types (e.g. same time periods) and
to recent data nationally and internationally, can highly boost the replication of such
systems as e.g. the water demand forecasting tool.

3) Personal data protection has to be considered, when meters and sensors need to
be installed household-wise. Agreements/contracts have to be made with the
households with the permission of the owner to use such data. This is very time
consuming and should be considered in the planning of such a system.

4) Developments of digital solutions based on FIWARE architecture allow for a better
compatibility and open access.

Robert Reinhardt from AlgEn (Slovenia) talked about resource recovery with algae in
the frame of the Water2REturn project. The project aims to solve slaughterhouse
wastewater management problems by recovering and recycling nutrients turned into
value added products for the agro-chemical industry. In this process, wastewater from
the slaughterhouse is treated in a sequencing batch reactor (SBR). Then, a filtration
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process including microfiltration, ultrafiltration and reverse osmosis allows the recovery
of a concentrate rich in nitrate and phosphate and useful to produce an organic
fertiliser. The sludge resulting from the wastewater treatment process is firstly sanitised
and then, enters a bioreactor where it is fermented with Bacillus sp.. From the
hydrolysed sludge, a biostimulant is produced. In the energy line, the hydrolysed
sludge is treated through anaerobic digestion to produce biogas and subsequently
methane and COz. The latter is captured in the final algae line, where the AlgaBioGas
technology is used to recover an algal biomass, which is used to produce a second
biostimulant. Preliminary sprouting tests and pot tests have already been performed
and agricultural field tests are ongoing. Up to now, results showed that biostimulants
seem to be effective.

Cecilia Bruni from the Marche Polytechnic University and Simone Neri from West
presented the setup and first results related to an early warning system for saltwater
intrusion in the sewer system. In Rosignano, the Aretusa consortium produces fit-for-
purpose water from the secondary effluents of two municipal wastewater treatment
plants (WWTPSs). The sewer systems leading to both WWTPs are affected by currently
unpredictable seawater intrusions which increase the chloride concentrations of the
wastewater to unacceptable levels.

A real-time data driven monitoring and process control system for seawater intrusion
and infiltration in the subcatchment and sewers sub-system was setup to avoid salinity
peaks in the influent to the wastewater reclamation plant (WWRP). Therefore, flow
splitting and equalisation of the secondary WWTP effluents is tested and a model-
based approach with hydrometeorological forecasts combined with hydrogeological
data will be used to predict saltwater intrusions and impacts from sea spray. To allow
for water reuse during periods of very high salinity, the potential for others water uses
outside of Solvay are screened regarding the highest admissible chloride content.
These potential uses will be integrated in a data-driven matchmaking platform for water
reuse.

In the follow-up meeting Cecilia Bruni presented the early warning and matchmaking
system. Therefore, a model for the sewer networks in Rosignano and Cecina was
developed using geometric information and data from pumping stations, sampling
campaigns, flowmeters and electrical conductivity meters, sanitary flow and rainfall.
The model was calibrated using data from the wastewater treatment plant. For the
early warning system, sensors were installed along the coastline for the electrical
conductivity, the water level, flowrates and precipitation. The early warning system is
based on a recurrent neural network to predict the chlorine concentrations. For the
smart equalisation, an equalisation tank is used as entering point to the water
reclamation plant. Both WWTPs in Rosignano and Cecina deliver their effluents to the
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equalisation tank. The set-point which regulates the pumps of the effluent coming from
the WWTPs is controlled by the water level in the equalisation tank and the effluent
guality. The match-making platform decides the reuse purpose of the water depending
on its quality, determined by the electrical conductivity. The reclaimed water can be
used directly in industry, when the electrical conductivity is below 2000 uS/cm or for
agricultural irrigation, when it is even higher than 2000 uS/cm. To allow for an industrial
reuse at an electrical conductivity higher than 2000 uS/cm, the water is further treated
using reverse 0SMosis.

The concept to implement an early warning system for membrane fouling was
presented by Antonio Giménez Lorang from FCC Aqualia. In order to close the water
loop at the case study in Lleida, the wastewater from the brewery is treated in an
anaerobic membrane bioreactor (AnMBR). The AnMBR effluent will be post-treated
via ultrafiltration, reverse osmosis, advanced oxidation processes and UV disinfection
in order to reuse the treated water for cooling towers.

For the optimisation of the AnMBR operation, a new method for online monitoring of
membrane fouling will be tested. It will be implemented in the programmable logic
controller (PLC) and allow for the maximisation of the reactor performance and the
minimisation of chemical consumption for cleaning purposes.

Angel Robles from the University of Valéncia presented the software Lodif Biocontrol
for the control of ultrafiltration membranes, which shall be tested in Lleida. The aim is
to avoid/reduce fouling processes and thus, to save energy during the filtration
process. The software is under continuous development, incorporating improvements
and configurable, to facilitate the implementation of control systems and optimization
algorithms in a WWTP. To control the filtration process, knowledge-based controllers
for biogas sparging, the sludge recycling flow and back-flushing initiation are used to
minimize the fouling rate. Hereby, the set-points of the biogas recycling flow rate for
gas sparging is controlled to scour the membrane depending on the permeate flow. In
addition, a model-based supervisory controller is used to minimize the operational
expenditures and to control the modification of the set-points of the knowledge-based
controllers. It uses the filtration model as a basis considering cake layer formation and
irreversible fouling. The input parameters are the biogas recycling flow rate, the sludge
recycling flow rate, the duration of the filtration, relaxation and back-flushing, the
frequency of back-flushing initiation and the transmembrane flux during back-flushing.
The control of the membrane fouling allowed in a pilot investigation to save 35% of
energy in membrane operation.
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Anne Kleybocker from Center of Competence for Water Berlin (KWB) and Line
Rodenkam Melchiorsen from Kalundborg Utility (KCR) presented the concept for the
case study in Kalundborg. Here, an industrial wastewater treatment plant (\(WWTP) pre-
treats the wastewater from the biotech and pharma industry. The effluent from the
industrial plant is together with the municipal wastewater treated in the municipal
WWTP. ULTIMATE focuses on the optimisation of both WWTPs aiming to develop and
implement a joint control system for both plants. Through digitalization, the joint
operation of the two WWTPs shall increase the energy efficiency of their treatment
processes as well as their environmental efficiency. As a first step, a model is currently
developed in order to investigate different scenarios to define corresponding set-points
for the oxygen concentration in the aerated tanks and for the mixed liquor suspended
solids (MLSS).

Jan Schitz from KWB presented the model in the follow-up meeting. The model was
created with the Software SIMBA¥. The challenge was, that the software is designed
for municipal WWTPs and had to be adapted for the wastewater in Kalundborg having
a high fraction of non-degradable organic matter resulting from the industry. The model
is based on the activated sludge model 3 (ASM3) and was successfully calibrated with
an overall model efficiency of 74%. The model was used to investigate the reduction
of direct discharges of untreated wastewater to the recipient through the
implementation of an additional upstream buffer tank. The model showed, that the
implementation of a buffer tank with a volume of 5000 m? enables the reduction of
overflows by 99%. In addition, for the joint control system, a TN predictive equation
was derived from historic data. The equation allows a prediction of the TN
concentration 36 h before the TN load enters the municipal WWTP.

The project digital-water.city was presented by Nicolas Caradot from the Competence
Center for Water Berlin (Germany). The project aims to develop and demonstrate 15
advanced digital solutions to address water-related challenges in five cities
Copenhagen, Berlin, Paris, Milan and Sofia. In Paris, an early warning system is used
to forecast bathing water quality and to improve the bathing water management in the
river Seine for 2024. It is based on real-time measurements of bacterial contamination
and composed of a statistical and deterministic model of the rivers in Paris. In Milan,
an early warning system is developed to prevent microbial and toxic contamination in
order to provide water for safe reuse in agriculture.
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Alex van der Helm from Waternet and Siddharth Seshan from KWR and TU Delft (The
Netherlands) presented results from the project Fiware4Water. At four case studies in
Athens, Cannes, Great Torrington and Amsterdam, smart solutions are developed and
applied for the water sector. For the WWTP Amsterdam West, an intelligent control
system has been created. It is based on online measurements of nitrous oxide
emissions in the off-gas of the aeration tanks with the objective to reduce those
emissions and to reduce the energy consumption of the aeration process via a data-
driven artificial intelligence (Al) control. Therefore, an Al digital twin was developed to
predict the aeration process behaviour. The digital twin, together with an Al influent
prediction, are used to train the control model by reinforcement learning. Because a
model is only as good as the quality of its used data, a high emphasis was put on the
automatic real-time validation and reconciliation of data and its quality control. As a
result, an Al-based data validation application was developed to screen key
operational parameters and perform data reconciliation. Furthermore, Fiware was
integrated in the legacy system of the WWTP, where real-time Fiware4Water smart
applications are run.

Katharina Gimbel from the IWW Zentrum Wasser (Germany) presented two tools
developed in the frame of the German living lab East Frisia in B-WaterSmart. Due to
climate change, raising water demands and salt water intrusion into the groundwater
in coastal areas, a regional demand-supply matching GIS tool is being developed. In
this tool, open data and an open GIS platform are used to match demands and
alternative sources for the regional water supply. Results of a UWOT model for
different scenarios are integrated and hence, possible alternative water resources are
suggested by the tool such as the potential for rainwater harvesting and water reuse.
The second tool forecasts the short-term demand in the region. Due to increasingly
extreme weather conditions (e.g. droughts) the water demands are growing and peak
loads become usual with the risk of water shortages. Already existing forecast tools
often consider the whole water supply network. The complex network makes it difficult
to identify the individual water consumers and the demand of smaller supply areas. To
gain additional information, the B-WaterSmart tool generates 24 h water demand
forecasts based on small meter data. It provides different spatial resolutions and thus,
produces a comprehensive knowledge base contributing to manage the water supply
system efficiently and sustainably.
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On March, 2392022, tKH ZRUNVKRS 36HFUHW R V XVaF ebudittddd V\PELR
LQ FRRSHUDWLRQ ZLWK WKH 3VWDNHKROGHU5SH R EEDREHPHQW '’
participated and the case studies Tarragona (CS1), Rosignano (CS3) and Kalundborg

(CS9) presented their symbioses and the reasons for their resilience and success. In

addition, we learned from the multi-utility company IRES and from the project

AquaSPICE about their strategies to foster successful industrial symbioses.

After the key lessons from the discussion, the main take-home-messages of the
presenters are summarised. The full presentations are shown in Annex 8.

Key lessons from the discussion:

The most important factors to create and maintain a successful symbiosis were
identified to be:

1) &aRPPLWPHQW DQG ZLOOLQJQHVV WR DFW WRJHWKHU LQ R
To create the willingness among the stakeholders, the key factors are

- the common need to reach a goal such as the reduction of the water footprint,

- success stories and sharing this and

- a charismatic person that serves an initiator. Creating a feeling of success motivates

people to be part of this movement. The initiator can be neutral, but also needs to

understand the conditonsand WR NQRZ WKH NH\ SHUVRQV ZKLFK DUH |
KDSSHQ’

2) Communication and engagement with partners and stakeholders

An open communication is crucial to build trust among the partners and stakeholders.
In addition, an evidence and data driven communication successfully convinced people
and contributed significantly to gain their trust. Thus, sharing of and access to data,
information and experiences is highly recommended in order to establish and maintain
a resilient symbiosis.

Miguel Rovira Boixaderas from Eurecat explained the strategy and success of the
Tarragona Symbiosis. Tarragona is close located to the UNESCO Biospere Reserve
Network named Ebre River Delta. Tarragona receives water from the Ebre River,
before it is entering the Ebre Delta through a water transfer. Hence, Tarragona
depends on its water resources and suffers seasonally from water stress with water
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shortages. The industrial and petrochemical complex Camp de Tarragona hosts more
than 100 companies. In order to cope with the water stress, the Tarragona symbiosis
has implemented an advanced water reclamation plant that reclaims secondary
effluent from two nearby WWTPs. The reclamation plant is operated by industrially
owned water utility AITASA and provides water for cooling towers and boilers. Lessons
learned from the industrial symbiosis between AITASA and the industry are
- Social awareness regarding water, climate change and the Ebre River Delta is
important and increasing.
- Involvement of citizenship is crucial.
- Demonstration of the technologies is important to convince people of its
suitability.
- Climate change adaptation of the industrial activities and the protection of the
ecosystem are important drivers.
- The cooperation in private public partnership is a successful way.

Gianluca Pettinello from Solvay and Lorenzo Bagnoni from ARETUSA presented the
secret of success from the perspective of the ARETUSA symbiosis. They revealed that
a common target of the industry, public authorities, universities and local stakeholders
us a significant factor for the success. In the case of ARETUSA, the common need
occurred to recycle and reuse water for the industry due to water scarcity. In order to
reduce its water footprint, the ARETUSA symbiosis committed itself to foster water
reuse strategies, to optimize the processes in its water reclamation plant, to enhance
their solutions via digitalization, to identify potential replication possibilities of its circular
economy systems and thus, to enhance the circular integrated water management in
the area. Hereby, crucial factors are the open communication between the parties, the
suitable scientific approach to solve the environmental challenge and the willingness
Rl DOO SDUWLHV WR Hdrdby kHnpondntkkBySf&ckbk3 ‘are a continuous
dialogue between the parties, the removal of prejudices, to listen to each other, to talk
WKH 3VDPH ODQJXDJH" ibvdst AdkQuaxe DegoubteR and to create
competences to reach the common target.

Lisbeth Randers, the head of secretariat of the famous Kalundborg Industrial
Symbiosis, explained its history and strategy to maintain a resilient partnership. The
cooperation among the partners in Kalundborg started already 50 years ago. Today,
thirteen public and private companies profit from circular economy solutions for water,
energy and materials. A life cycle assessment revealed that last year 586,000 t CO2
were saved, 4 million m3 of groundwater were substituted by surface water and 62,000
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tons of residual materials were recycled. The drivers behind this resilient partnership
are:
- Hard work to create trustful relations that take time to build and are achieved
through continuous cooperation between the partners
- Recognition of challenges for instance to access water and consider it as a
mutual challenge to be solved together
- Flexibility to adapt business models with changing times/circumstances
- Boost of innovations with the aim to implement them at full-scale
- Establishment of a social economy and awareness of social responsibility of
the industrial cluster and the municipality: joint projects with social
entrepreneurs
- Overview and clear priorities through data: you cannot fix everything at the
same time, so you need to have a prioritized action plan

Enrico Pochettino is the head of innovation from IREN, a multi-utility company in Italy.
He presented the strategy to establish territorial symbioses with multi-circle economy
concepts. IREN is a large multi-utility managing water, energy, waste services in
regions or so called territories. Multi-utilities serve as the initiator of the sustainable
transition in the territories via linking urban services and industrial needs. Establishing
local committees enables dialogues with stakeholders and participatory planning of
actions in order to gather project proposals from local communities, to promote
solutions for improving the environmental and social impact for the territory and to
improve the quality of the services provided by the IREN group. One example is the
[.BLU Industrial Symbiosis in waste management that develops new circular raw
materials such as blu-polymer and bluair. Blu-polymer is an additive for high
performance asphalts and bluair is a secondary reducing agent to be applied in blast
furnaces and electric arc furnaces as process optimizer. Other examples are the
treatment of wastewater for its agricultural reuse at the WWTP in Mancasale and the
heat recovery in Turin from CHP power plants and a waste-to-energy plant for district
heating via the largest district heating network in Italy.

Asthanasios Angelis-Dimakis from the Huddersfield University summarized the
experience from other projects to achieve successful water symbioses. AquaSPICE
aims to reduce water demands, to implement and foster water recycling and to exploit
alternative water sources for European process industries. It raises awareness in
resources efficiency and delivers solutions for industrial applications via circular,
process and digital innovations. The key success factor is based on the symbiotic
cooperation between the industries and the water sector. Therefore, AquaSPICE
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D1.10 *Lessons learned from synergy workshops

analysed the aspects for success of industrial symbioses in different projects. Those
were: industrial awareness of the benefit of such a symbiosis as well as the
acceptability of the recovered product and the demand for it. A query showed that
industrial awareness exists already, but the instruments to implement such a symbiosis
are missing. Product acceptability is also affected by the public knowledge and its
willingness to support such schemes. Here, communication, dissemination, training
and social awareness are still needed.
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D1.10 *Lessons learned from synergy workshops 79

3.Summary and ¢ onclusion

In the frame of the project ULTIMATE, eighteen workshops were conducted by the
cross-cutting technology group leaders for water recycling, material recovery and
HQHUJ\ UHFRYHU\ DV ZHOO DV LQ FRRSHUDWLRQ ZLWK WK
package. In these workshops, the concepts of the case studies were discussed (i) at
an early stage, an intermediate stage and at the end of the project together with experts
from other Horizon2020 projects such as NextGen, Smart-Plant, Run4life, Seadvalue,
Digital-water.city, Fiware4water, Water2Return and Aquaspice, Sludge 4.0, and
Circular Biocarbon. In addition, the partners from our sister projects B-WaterSmart,
Water Mining, Rewaise and Wider Uptake participated to share their opinion with us
and to derive together recommendations for European policy makers to boost the
market-uptake and replication of our ULTIMATE solutions.

To establish a successful WSIS, we identified the most important factor to be the
FRPPLWPHQW DQG ZLOOLQJQHVV WR DFW WRJHWKHU RI WK
KDSSHQ" 7KHUHIRUH D FRPPRQ JRDO LV QHFHVVDU\ VXFFF
together and a charismatic person serving as an initiator to spread and start ideas

among the partners. Another important success factor is an open and evidence-based
communication to convince people and to gain their trust. In addition, lighthouse cases

such as the WSIS in Kalundborg, Tarragona and Rosignano are extremely helpful for

WSIS newcomers to learn from them for their own WSIS establishment. All potential
stakeholders, including administrative actors, should be part of the establishment

already from the very first idea onwards.

Based on this, we conclude that this is also true for a project consortium involving

multiple WSISs. Hence, the continuation of our workshops, which focus mainly on the
development and optimisation of our technologies, was seen as a crucial step towards

the successful project execution to inform and involve all project partners even those,

who were not directly involved case study specific tasks. Furthermore, the technology

evidence base (Kleybocker et al. 202l1a, Kleybocker et al. 2024b;

) contributed to an open and evidence-based communication
about the outcomes of our project for spreading the successful circular economy
solutions in Europe and worldwide. Our technological workshops were mainly
dedicated to three topics: water reclamation, energy recovery and material recovery.

Water reclamation

The water reclamation meetings revealed interesting insights about membrane and
adsorption technologies and showed that there is still a demand for research in terms
of the development of new membrane materials, the optimisation of membrane
properties and their configurations. Regarding adsorption technologies, we learned
that they can be more energy efficient than standard reverse osmosis. In general, the
adsorption technology is very versatile in terms of inorganic and organic pollutants
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removal from water. However, adsorbent characteristics and properties have a great
impact on the pollutant's removal selectivity and efficiency. Therefore, the adsorption
technologies can be used in two ways: to remove pollutants from wastewater and to
recover materials from the regeneration solutions.

Currently, there are successful examples of symbiosis between wastewater treatment
plants and water treatment facilities, with ample opportunities for further enhancement
and optimization, particularly in promoting the reuse of regenerated water in various
industries. Several ULTIMATE case studies (CS1, CS2, CS3, and CS9) have
demonstrated the technical feasibility of various membrane-based technologies for
industrial water treatment at the pilot plant scale. These technologies have successfully
produced water that meets the required quality standards for reuse in different
applications, such as industrial processes and irrigation, validating the collaboration
between water treatment plants and industrial sectors. On the other hand, technical
feasibility studies for treating industrial water and obtaining water for reuse have been
complemented with LCA and Microbial Risk Assessment to evaluate the environmental
impact and human health effects.

Energy recovery

In terms of energy recovery, we discussed biogas technologies, heat recovery and the
increase in energy efficiency via digitalisation. In general, a way to increase energy
efficiency in wastewater treatment plants is to avoid over-aeration and hence, to
maintain a demand-driven aeration process. Therefore, digitalisation is necessary.
However, a model can be only as good as the quality of its used data is. Thus, reliable
sensors and regular maintenance of those are mandatory. Hence, data validation and
reconciliation as well as its quality control are crucial. Systems, that rely on publicly
available data, face a huge challenge, because the data types often vary and cannot
always be used without further processing. For data, which refer to private households
for example, personal data protection has to be considered. Agreements/contracts
have to be made to receive the permission of the data owner to use such data. This is
very time-consuming and should be considered in the planning.

We learned that biogas technologies involved in wastewater treatment can contribute
to a lower CO2 footprint of a WWTP, because anaerobic treatment processes allow for
a decrease in the organic loading rate to the downstream activated sludge process
and hence, for a lower COze footprint of a WWTP. The comparison of three WWTPs
configurations applying (i) a conventional activated sludge (CAS) system, (i) an
anaerobic fluidised bed reactor (AFBR) combined with an CAS, and (ii) an
electrostimulated anaerobic reactor (ELSAR®) combined with an CAS, revealed the
lowest COze footprint for the configuration involving the ELSAR® system. Recovering
WKH GLVVROYHG PHWKDQH IURP WKH UHDFWRU Y \e
footprint. Besides the AFBR and the ELSAR® systems, an immobilised high-rate
anaerobic treatment system (ATT) was investigated. The AFBR and the ELSAR
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treated brewery wastewater. Compared to the AFBR, the ELSAR is less sensitive to
variations in process conditions such as shock loads or biocides and contributes
strongly to a stable biodegradation and biogas formation process. The AAT is very well
suited to treat olive mill wastewater and maintains a stable biodegradation and biogas
formation process even though high variations in the loads occur. The combination of
an AAT with an anaerobic membrane bioreactor (AnMBR) and activated carbon even
increases the biodegradation efficiency and correspondingly its methane yield as well
as its process stability compared to an AAT alone. The system can be applied to
winery, dairy and olive mill wastewater. Considering the positive effect of the activated
carbon in the AAT/AnMBR system, the ELSAR system is very likely also feasible to
treat winery, diary and olive mill wastewater, because it uses activated carbon as
fluidised anode. Furthermore, the ELSAR system is capable to treat most (80-90%) of
the industrial food and beverage wastewater.

For two of our ULTIMATE processes, low-grade excess heat can be beneficially
reused. For the ammonia air stripping process, excess heat can be used to increase
its process temperature to save chemicals for an otherwise required increase in pH to
reach the same ammonia recovery rate. Furthermore, the increase in the temperature
of the feed stream of a reverse osmosis filtration unit might increase the energy
efficiency of the filtration process due to a lower dynamic viscosity of the feed stream.
However, higher temperatures can also lead to higher organic fouling rates, what
would be a disadvantage. Short-term investigations at different temperatures showed
no effect on fouling so far, but a higher flux with increasing temperature as expected.

When planning a high temperature - aquifer thermal energy storages (HT-ATES), itis
very important, that every stakeholder is involved already at the beginning of the
project. Social perception regarding HT-ATES was in the case of Rotterdam very
positive, because people have seen it as a contribution to a more stable, robust and
green heating supply. The HT-ATES is very well suited to be operated in combination
ZLWK D JHRWKHUPDO GRXEOHW 7KH FRPELQDWLRQ LQFUI
reduces investment costs. To gain important data for the planning phase of the HT-
ATES, the subsurface exploration can be combined with a geothermal conductor
drilling to deliver geo-hydrological data. The conductor drilling is three to six times
cheaper than a dedicated test drilling. When starting the operation of a HT-ATES,
temperature shifts occur at the warm and cold wells. Temperature shifts in an ATES
from 15-18 °C to 25-40 °C did not show a severe effect on the geohydrological
environment. However, at higher temperatures heavy metals were released. As soon
as the temperature decreased, the heavy metals precipitated again. The temperature
increase was suitable to compensate the imbalance of a higher heat demand in winter
compared to the cooling demand in summer. Depending on the characteristics of the
geothermal system, microbial induced corrosion can severely affect the stable
operation of such a system. Sulphur oxidising bacteria clearly indicate an oxygen
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ingress to a borehole after geothermal plant downtimes, especially when gas
measurements are not sensitive enough to detect those. Periodic heat shocks are a
promising procedure to reduce biofilms and thus, to diminish microbial induced
corrosion processes.

The global warming potential of a geothermal well and an HT-ATES system depends
mainly on the electricity consumption to operate both systems. Compared to heat
generated from natural gas, the heat originating from a geothermal well and an HT-
ATES have a 60% lower global warming potential considering the Dutch power mix in
2019. The greener the power mix will become in the future, the lower the global
warming potential will be of such systems.

Material recovery

In terms of nutrient recovery, different innovative technologies have been successfully
implemented and applied for material recovery from wastewater, sludge, kitchen waste
and/or non-hazardous organic liquid wastes. Some of these technologies are
advanced biodrying and composting; bioelectrochemical systems, ultra-low flush toilet
coupled with (hyper-)thermophilic anaerobic digestion, electrodialysis, fluidized bed
reactor (FBR) for struvite precipitation, stripping columns, adsorption columns, aerobic
granular sludge (AGS) systems, anaerobic membrane biroeactors (AnMBRS).

Those technologies enable to recover various valuable materials as struvite, calcite,
ammonium sulphate, CaPO4 compounds, biofertilisers, phosphoric acid, ferric
(hydr)oxide pellets, solid NPK fertiliser, nutrients within reclaimed water through
fertigation; hydrochar, coagulant and softening agents; limestone; polyphenols;
NaHSO3, biocomposites; magnesium and sodium chloride; biostimulants, water
absorbent or coating binders.

The technologies tested in ULTIMATE project, as well as in its sister and invited
projects generally showed promising results in terms of percentage of recovery and
guality of the materials obtained. For instance, the electrodialysis process of CS2
showed a recovery of K* of 250-300 mg/L, a recovery of NOs™ of 450-650 mg/L and a
recovery of H2PO4 of 50-100 mg/L. In CS7, the AnMBR system coupled to a fluidized
bed reactor (FBR) for struvite precipitation and ammonia stripper obtained more than
75% of P and N removal from distillery wastewater. CS4 and CS6 recover high-added
YDOXH SRO\SKHQROV PDUNHW YDOXH UD @32 @usedbiR P Yy .
products from Solvay industry (i.e., soda out of specification; partially calcinated
granulated limestone rocks, H202). In CS8, the sulfur contained in flue gases is
recovered in the form of a marketable solution (NaHSO3).

The workshops delivered valuable information for the participants and identified
important topics for further cooperation and discussion among the ULTIMATE partners
and the other projects. A synergetic networking between ULTIMATE and its sister
projects B-WaterSmart (GA 869171), Water Mining (GA 869474), REwaise (GA
869496) and Wider Uptake (GA 869283) was established, where those projects also
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learned from further progressed projects such as NextGen, Smart-Plant, Sea4value,
Rund4life, Digital-water.city and Fiware4water, Routes, Res-urbis, Water2Return,
Sludge4.0 and BioKS. The case study leaders profited from the lessons learned and
discussions about their concepts in order to set up, operate and optimize their demo
cases properly. This contributed to the successful implementation of thoughtful
ULTIMATE solutions and provided useful results for new approaches and best
practices of the ULTIMATE solutions within symbioses clusters (D1.3, D1.4, and D1.5)
and for the technology evidence base (TEB, D1.7). The collection and open access
presentation of the technologies in this evidence base will support decision makers
and investors to gain a fast overview of the opportunities and proven concepts of
circular economy. Together with the Marketplace (D5.5), the TEB will severely
contribute to the transition from a linear to a circular economy in Europe.

ULTIMATE promotes technologies that are in line with the ambitions of the European
Green Deal {European]Commission 2019) and its Action Plan for Circular Economy
(European Commission 2020) to reduce strongly our greenhouse gas emissions, to
provide clean water, to maintain healthy soil, make industry resilient and produce
cleaner energy. The ULTIMATE technologies that can be applied in the frame of the
Regulation (EU) 2020/741 on minimum requirements for water reuse, the Regulation
(EU) 2019/1009 laying down rules on the making available on the market of EU
fertilising products and the Directive (EU) 2018/2001 on the promotion of the use of
energy from renewable sources. However, the workshops still revealed the demand
for EU policy support in order to boost the market  -uptake and replication of the
ULTIMATE technologies :

X Water recovery and reuse

It should be highlighted that policy recommendations are vital. Increasing treated
wastewater quality requirements under the revised Urban Wastewater Treatment
Directive (UWWTD) can simplify water reclamation processes, potentially eliminating
the need for advanced treatments. While monitoring is essential, it can be costly,
affecting the economic feasibility of water reuse. Public engagement and awareness
are crucial to overcoming negative perceptions and increasing acceptance of reused
water. Business models, funding, and pricing are key to successful implementation,
with multi-user systems enhancing technical and economic viability. Clarifying
responsibilities and developing consistent guidelines for water reuse licensing and
service provision across the EU are essential for effective practices.

The strategic agenda should encompass all types of water reuse, emphasizing safety,
environmental impact assessment, and the integration of reclaimed water into local
water balances based on regional circumstances. Future regulations should set
minimum standards for non-agricultural uses, improve risk assessment protocols, and
encourage research on innovative water reuse technologies and practices.
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x Digital technologies such  as early warning and control systems
Providing access to publicly available data (historical and real-time) being digital and
of a uniform data type, e.g. same time periods for different regions and countries, can
highly boost the replication of such systems such as the water demand forecasting
tool. The requirement to develop digital solutions based on FIWARE architecture and
publishing them open access can contribute to a better compatibility of different
solutions and strongly helps to replicate such solutions.

X Biogas related technologies

To replicate biogas production and valorisation technologies in Europe, stable prices
for upgraded biogas and electricity are needed at least for a period of five years to
amortise the plant. Another five years would be beneficial, after an adaption on the
energy market, to provide incentives to the investors. To bridge a potential gap
between the guaranteed price and the actual market price, subsidies might be needed.
A minimum quota for upgraded bio-methane in the gas grid can further support the
willingness of investors to implement biogas production technologies and upgrading
units. A simplification of administrative formalities and financial support related to the
gas grid connection can highly accelerate the implementation of biomethane producing
technologies.

X Heat recovery and reuse

Test drillings to characterise the subsurface are expensive and time consuming. They
are considered as a barrier for an easy market uptake of this technology. Hence, more
research and demonstration projects are recommended to establish inexpensive,
reliable and innovative technologies and their combinations in order to avoid
uncertainties during planning of an HT-ATES and to accelerate the planning process.
The highest risks are considered to be uncertain permit procedures and public
perception. Furthermore, the permit procedure for a HT-ATES requires usually several
years. We strongly suggest accelerating this procedure and to promote the
demonstration of full-scale pilot systems in order to develop suitable policies and to
show in practice that HT-ATES is a renewable, clean and safe technique.

X Material recovery and end of waste status
The implementation of technical solutions for material recovery in the case studies
have detected certain barriers and gaps:
I) the quality of the final product is fundamental for the market accessibility, but
in the current market it is often complicated to introduce circular products due
to the competition with conventional products, low production of circular
products that avoids having significant impact in the market, and scarce social
acceptance.
i) The end-of-waste criteria as defined nowadays is often unclear,
especially for certain by-products obtained from emerging technologies. In this
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respect, it is often hard to demonstrate all the conditions that need to be

accomplished, especially with certain products such as alternative building

blocks.

iii) Scarce successful large-scale case studies.

iv) Low interest in waste producers to adopt circular processes, and variability
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of materials.

v) Material recovery is even more challenging from urban wastewater. In fact, it

is barely mentioned in the new wastewater treatment directive.

vi) Low social acceptance.

vii) Low production of circular by-products to significantly enter in the market.
The implementation of successful industrial symbiosis cases (at demonstrative scale),
together with improved public-private collaboration are expected to improve the current
situation on material recovery. In this respect, it would be expected that industries
could be more relevant actors to exploit the high potentiality of material recovery from
industrial wastewaters as they can be associated more efficiently (industrial symbiosis)
than wastewater and waste treatment facilities that are often managed by public
entities.
It is also essential to obtain subsidies in terms of grants, loans or other to assume the
high investment in circular technologies.
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Annex 1-18 are attached as extra files:

Annex 1: Presentations +Membrane technologies 2021
Annex 2: Presentations  +Adsorption technologies 2021
Annex 3: Presentations  *Biogas technologies 2021
Annex 4: Presentations t+Heat recovery 2021

Annex 5 : Presentations +Nutrient recovery 2021

Annex 6 : Presentations +Material recovery 2021

Annex 7: Presentations  xDigitalisation 2021

Annex 8: Presentations +Success secret of WSIS 2022

Annex 9: Presentations " Membrane technologies_ 2023
Annex 1 0: Presentations " Adsorption technologies 2023
Annex 1 1: Presentations +Biogas technologies 2023
Annex 1 2: Presentations +Heat recovery 2023

Annex 1 3: Presentations +Nutrient recovery 2023

Annex 1 4: Presentations +Material recovery 2023

Annex 1 5: Presentations zDigitalisation 2023

Annex 16: Presentations - Water recovery 2024
Annex 17: Presentations - Energy recovery 2024

Annex 18: Presentations - Material recovery 2024
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CTG meeting:

Membrane technologies for water and resource recovery

When 25 November 20201(0-12h)

Where Online meetingUnirse a reunion de Microsoft Teams

10:00
10:10
10:20

10:30
10:40

10:50

Opening andVelcome Sandra CasdEUT
Near zero liquid discharge systemthim petrochemical industrySandra Cas4EUT)

Filtration and small bioreactor platforfor wastewater reuse in the food industry
Dimitri lossifidisGtG)

AnMBR and RO for water recovery in the beverage indi¥sirg Pidou, @anfieldUniv)

Ultratight UFin fit-for-purpose watertreatment systemsn the biochemical industrylLeo
Vredenbregt X-Flow)

Nextgen Synergiespace technology for wateeuse in a Dutch breweryRalph Lindeboom
(Semilla)

11:10 Watermining SynergieBilot System for Water, Salt and Energy recovery from whstewater

Maria KyriazZiNTUA)

11:20 Open discussion
11:30- Closure



Online seminar
Membrane technologies

S.Casas, A.Kleybocker , F.Fantone, C.Bruni, R.Serena
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Agenda

10:10

10:20

10:30

10:40

10:50

11:10

11:20

11:30

Near zero liquid discharge systems in the petrochemical industry Sandra Casas (EUT)
Filtration and small bioreactor  platform for wastewater reuse in the food
AnMBR and RO for water recovery in the beverage industry Marc Pidou, (Cranfield Univ)

Ultratight UF in fit -for -purpose water treatment systems in the biochemical industry.

Nextgen Synergies: space technology for water reuse in a Dutch brewery.

Watermining Synergies: Pilot System for Water, Salt and Energy recovery from urban wastewater.

Open discussion

Closure

dZ % E}i 5 0o ]JvP 8} §Z]* % %o0] 3]}v Z e« E ]JA (pv ]vP (E}u §Z
Horizon 2020 research and innovation programme under grant agreement No 869318

industry Dimitri lossifidis (GtG)

Leo Vredenbregt (X-Flow )

Ralph Lindeboom (Semilla)
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Maria Kyriazi (NTUA)



Near zero liguid discharge systems in the petrochemical iIndustry

D.Montserrat , X.Martinez, S.Casas



Petrochemical Complex of Tarragona ( Spain)

Industrial area that groups several companies of the chemical and petroleum field.
it has been considered the most important of this type in Catalonia, Spain and the south of Europe.

More than 30 companies operate in the petrochemical complex focusing on production of chlorine, alkaline

salts, oxygen gas, fertilizers, insecticides, fuels, plastics and synthetic essences.

AITASA was created in 1965 to supply water to the complex. In 2012, a water reclamation plant was put in

operation to supply industrial water.
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Tarragona symbiosis through AITASA

Synergies in place since 1965

Kms of pipes that make up the network:

Industrial Water: 43.5 Kms. Average diameter: 500 mm
Chlorinated Water: 14 Kms. Average diameter: 200 mm

Distributed industrial water flow: 10 Hm?3 / year

Direct jobs:17
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Camp de Tarragona WRP

Industrial water reclamation for cooling towers, boilers and deminerilized uses

6,8 hm3/year capacity for urban wastewater reclamation

: : Coagulation/fl R
EDAR Vila-Seca i Salou ——» . . . . everse
oculation & Microfiltration S Osmosis Disinfection
EDAR Tarragona s settling (Discfilter) (2 passes)

(ACTIFLO)

Users: REPSOL, BASF, IQA, ERCROS, DOW CHEMICAL, CELANESE, BAYER, etc
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Industrial wastewater treatment

To be commisioned in 2022
Goal: to meet the BREF
1,8 Mm3/h treatment capacity

Pre-treated
mdustrlal
GAC

Discharged
treated water
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WATER - Task 1.2.1

Increasing reclaimed water availability in Petrochemical
the petrochemical complex of Tarragona

complex

of Tarragona

pre-treated

_ _ Low -cost ammonia
industrial

removal
wastewater (zeolites )
Partnhers:

IWWTP (2022)

(DAF+MBR+GAC) Urban treated
wastewater

Reclaimed

water
Reclaimed

OBJECTIVE: water

Increase reclaimed water availability for e o e
the complex by 20%: (Advanced RO + MD) filtration + RO)
/E Defining a tertiary treatment with nZLD
technologies from the future IWWTP
/E Increase water recovery of the current WWRP

with nZLD technologies. Remove the ammonia
with low-cost technologies (zeolites).
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nZLD systems

Optimize water production and minizimize wastes through brine treatment

Brine Aliquid solution with high salinity (TDS > 35000 mg/L)

ZLD schemes : hindered by high costs « nZLD can be interesting to minimize volume

Brine —» Crystallization Salt

Electrodialysis EDR Evaporation o
Reverse Osmosis RO Membrane Crystallization

Membrane Distillation MD Solar ponds _
Forward Osmosis Advanced Solar Evaporation

Evaporation (MSF, MCV)

Water

60-80% Water recovered
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