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Executive Summary

The European industry is the largest water consuming sector after agriculture, with a
significantly larger water footprint than residential/urban areas. They also face a fierce
competition worldwide, with limited domestic resources. Moving to a circular economy
(CE) paradigm that valorises a wide range of water-embedded resources: water,
energy, nutrients and high added-value compounds, will future-proof European
industries, climate-proof European society and safeguard the environment. Water
Smart Industrial Symbiosis (WSIS) as a particular form of CE applicable to industrial
contexts promises a new potential by systematically looking to reuse wastes between
industries as raw materials. WSIS promises benefits from lower costs as well as new
types of revenues, exploiting ‘waste’ management not only as a legal obligation but as
a new business opportunity.

WSIS is a novel approach with as of yet limited applications. In ULTIMATE, WSIS
between the industrial sector and service providers of the water sector are
demonstrated at significant scales thus creating an evidence-based approach for
successful WSIS implementation anchored on real-world cases.

Therefore, at nine case studies distributed across Europe and Israel, the ULTIMATE
consortium has established so called WSISs. They develop and demonstrate 21 pilot
plants, which recover water, materials and/or energy.

Deliverable D1.2 is a demonstrator type deliverable and shall show, that the
ULTIMATE pilot plants are operational. Therefore, presentations showing the
operational pilot plants will be accessible on the ULTIMATE webpage at the case study
section (https://ultimatewater.eu/demonstration-cases/). This document accompanies
the presentations which are meant to be the main evidence for D1.2 and shows the
progress until M24.

Prior to the pilot plant implementation, eight WSISs conduct laboratory experiments.
In total, 15 different laboratory experiments and/or investigations of already existing
facilities are accomplished to better understand the circumstances of the real
environment and to learn more about the type of technology before it is up-scaled from
laboratory to pilot scale. Seven of the 15 investigations are already completed and
seven are close to be completed (75-90%).

Until M24, five pilot plants or (parts of) treatment trains were operational. Three of them
are related to water recovery at the case studies in Nafplio (CS4), Lleida (CS5) and
Kalundborg (CS9). One of them is related to material recovery in Lleida (CS5) and the
last one is related to energy recovery in Karmiel (CS6).

Until M27, ten additional plants are expected to be operational. Most of them are quite
close to be constructed with a progress between 70% and 100% such as the material
recovery unit in Rosignano (CS3), final parts of the water recovery treatment train in

The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869318
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Lleida (CS5), two energy recovery units in Lleida (CS5) and one energy recovery unit
in Shafdan (CS6). Even though the progress is only at 25% in Tarragona (CS1), the
case study leader expects the two pilot plants for water recovery to be operational until
M27 as for the pilot plants in Tain (CS7) dealing with water, nutrient and energy
recovery and reuse.

Until M30, the last six pilot plants shall be operational according to the case study
leaders. One of the six pilot plants recovers water, one recovers energy and the other
four recovery different materials. Especially for those six pilot plants, the contingency
plan is to extend and intensify the laboratory and preparatory experiments to gain more
important data and experience in depth that suggest to accelerate and to shorten the
start-up and optimisation phase of the pilot plants. Even though all case study leaders
still expect to complete their pilot test within the project life time of 48 months, time is
becoming a critical factor as sufficient time is required to gain experience from the
pilots and translate this into best practices for WSIS implementation.

Until all pilot plants will be operational, a very close monitoring of the case studies will
be done by the WP1 management team with the case study leaders and the risk officer
via regularly meetings. In addition, the presentations referring to D1.2 will be updated
every three months until every pilot plant will be operational.

D1.2 is the basis for the demonstration of the ULTIMATE solutions and for the
generation of valuable data. Those data will be needed for the technology evidence
base (D1.7), for the best practice guidelines (D1.3, D1.4, and D1.5) and also for the
assessments of our circular economy solutions (D2.3 and D2.5). Those results will
contribute to find suitable strategies for the replication of our concepts and thus, be the
basis for the overall exploitation strategy (D5.9).

Hence, the EU-added value of this deliverable is its contribution to crucial deliverables
that will foster and boost circular economy solutions in the European industry and the
water sector. The collection and open access presentation of the technologies in the
technology evidence base (D1.7) 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 technology evidence base can significantly contribute
to the transition from a linear to a circular economy in Europe.

ULTIMATE promotes circular economy solutions that are in line with the ambitions of
the European Green Deal (European 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. This deliverable (D1.2) 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.

The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869318
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Disclaimer
This publication reflects only the author’s views and the European Union is not liable
for any use that may be made of the information contained therein.

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



D1.2 — Operational demo cases

Table of Contents

1. INTRODUGTION ....oeeiieeiieensreasirreasressremsssrenssrensssenssrenssssnsssrenssssnnssrensssennssrenssrennns 9
2. OPERATIONAL DEMO CASES. ......oteciieiiieiireienrensenssenssenssensssnssenssenssensssnssenssennsen 13
2.1. C S TARRAGONA ...t e e 15
2.2. CS2: NIEUW PRINSENLAND ... et ettt et 24
2.3. CS3: ROSIGNAND ... ettt 39
2.4. (O3S 5 \\ VY = = I [ TP TSR 54
2.5. S D LLEIDA . ettt 71
2.6. CSB: KARMIEL & SHAFDAN. ... ettt 97
2.7. S T T AIN e e e e e e e e 121
2.8. CS8: CHEMICAL PLATFORM OF ROUSSILLON ...cvuieeeeee e 137
2.9, CSO: KALUNDBORG ... ettt e 148
3. SUMMARY AND CONCLUSION.....citeiiieeireeirrsnsrenssrsnsssenssssnssssnnsssensssenssssenssrens 159
4, LITERATURE REFERENCGCES. ... iieiteiieecieacesnrensensssnsssnssenssensssnssenssenssenssennsen 161

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



/A D1.2 — Operational demo cases

G

Abbreviations

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

AnMBR Anaerobic membrane bioreactor

AnBTMBR Anaerobic biofilm treatment membrane bioreactor

AOP Advanced oxidation process

ATES Aquifer thermal energy storage

BES Bioelectrochemical systems

CE Circular economy

COD Chemical oxygen demand

CS Case study

CTG Cross-cutting technology group

ELSAR Electrostimulated anaerobic reactor

GAC Granulated activated carbon

HTC Hydrothermal carbonisation

MBR Membrane bioreactor

nZLD Near zero liquid discharge

PE Population equivalent

RO Reverse osmosis

SBP Small bioreactor platform

SCWE Supercritical water extraction

SME Small and medium enterprises

TEB Technology evidence base

UF Ultrafiltration

WSIS Water smart industrial symbiosis

WWTP Wastewater treatment plant

Table of tables

Table 1  Overview about the ULTIMATE solutions: relevant for D1.2............cccccccveeeeeee.
Table 2 Overview about the resources and pilot plants referring to each case study .......

Table 3 Overview about the progress regarding the pilot plants............ccccvvvvviiiiiiiennnn..

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

.10
.13



D1.2 — Operational demo cases

1.Introduction

In ULTIMATE, water smart industrial symbioses (WSIS) between the industrial sector
and service providers of the water sector are established to implement and operate
innovative circular economy solutions. The WSIS are considered to be the basis for a
successful implementation of those technologies, because one partner produces the
resource for the circular economy solution and the other partner has the demand for
the recovered product. Thus, they cooperate for their mutual benefits. At nine case
studies distributed across Europe and Israel, the ULTIMATE consortium develops and
demonstrates 21 pilot plants, which recover water, materials and/or energy (Table 1).

Hereby, eight, six and seven pilot plants refer to water recovery, energy recovery and
material recovery and reuse, respectively. The grey coloured technologies refer either
to only concept studies or to early warning systems, data-driven matchmaking
platforms and/or control systems. Those systems need more time than only 24 months
to be investigated and developed. Therefore, they have been excluded from D1.2 that
was already indicated in the grant agreement. Their results will be part of the
deliverables D1.3, D1.4 and D1.5 New approaches and best practices for closing the
water, material and energy cycles.

Deliverable D1.2 is a demonstrator type deliverable and is supposed to show, that the
ULTIMATE pilot plants are operational. To document that this status has been
achieved, for every case study a presentation containing pictures and/or videos of the
operational pilot plant will be accessible on the ULTIMATE webpage in the case study
section (https://ultimatewater.eu/demonstration-cases/). However, some pilot plants
have delays and are not operational yet. For those, the presentations will be updated
every three months until all pilot plants are operational. This document accompanies
these presentations that are the main evidence for D1.2 and shows the progress until
M24.

The baseline conditions of each case study were described in detail in D1.1
(Kleybocker et al. 2021a) showing the opportunities and the demands for the
implementation of the circular economy ULTIMATE concepts. In D1.8 (Kleybocker et
al. 2022), the concepts are explained in detail and discussed in the context of similar
research projects and concepts. Hence, D1.2 is the next step towards the overall goal
of ULTIMATE to show the successful implementation of the concepts and to derive
best practise guidelines for closing the water, material and energy cycles at the case
studies within the symbioses clusters. Those results will be presented in detail in D1.6
& D1.7 Technology Evidence Base (D1.6, Kleybdcker et al. 2021b) as well as in the
deliverables D1.3, D1.4 and D1.5 New approaches and best practices for closing the
water, material and energy cycles.

The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869318
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The results will also be used for the different assessments and analyses in WP2, they
will be used as a basis for potential replication ambitions (WP5), for the identification
of policy gabs for the implementation of such technologies (WP4) and the marketability
of their products (WP5).

Hence, this deliverable contributes to crucial deliverables that will foster and boost
circular economy solutions in the European industry and the water sector. The
collection and open access presentation of the technologies in the technology
evidence base (D1.7) 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 technology evidence base can significantly contribute to
the transition from a linear to a circular economy in Europe.

ULTIMATE promotes circular economy solutions that are in line with the ambitions of
the European Green Deal (European 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. This deliverable (D1.2) 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.

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

2.0Operational demo cases

In ULTIMATE, 21 pilot plants are developed and will be demonstrated at nine case
studies to showcase innovative circular economy solutions (Table 2). Furthermore,
CS1 - CS8 conduct laboratory experiments, before they implement their pilot plants. In
total, 15 different laboratory experiments and/or investigations of already existing
facilities are accomplished to better understand the circumstances of the real
environment and to learn more about the type of technology before it is up-scaled from
laboratory to pilot scale.

Table 2 Overview about the resources and pilot plants referring to each case study
Case Resources Treatment trains
study
Cs1 Municipal wastewater and | Water recovery: reverse osmosis and membrane
Tarragona industrial wastewater from | distillation
(ES) the petrochemical Water recovery: ammonia removal via zeolites
complex
CSs2 Drain water from Water recovery: reclamation of greenhouse drain water
Nieuw greenhouses; residual using electrodialysis
Prinsenland and geothermal heat Material recovery: recovery of nutrients including test
(NL) beddings and demo greenhouse
CS3 Byproducts from industry | Material recovery and reuse: pilot scale adsorption
Rosignano for reuse in water system & use of byproducts
(IT) treatment
CS4 Wastewater from fruit Water recovery: filtration, advanced oxidation and small
Nafplio processing industry bioreactor platform
(EL) Material recovery: plant to recover antioxidants
CS5 Wastewater from brewery | Water recovery: nanofiltration & reverse osmosis as
Lleida & municipal wastewater part of the post-treatment
(ES) Material recovery: solar-driven hydrothermal carboni-
sation demo plant
Water recovery: Advanced oxidation & UV light
treatment
: Anaerobic membrane bioreactor
: Solid oxide fuel cell
: Full-scale electrostimulated anaerobic
reactor (ELSAR)
CS6 Wastewater from olive oil : Biogas production from olive mill
Karmiel/ production, slaughter- wastewater: high rate anaerobic reactor
Shafdan houses and wineries & : High rate anaerobic reactor with

(IL)

municipal wastewater

membrane filtration incl. PAC
Material recovery: plant to recover polyphenols

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

Case Resources Treatment trains
study
CS7 Wastewater from whiskey | Water recovery: reverse osmosis to treat AnMBR
Tain distillery effluent
(UK) : heat recovery unit
Material recovery: struvite and ammonia sulphate
recovery units
CS8 Wastewater from Material recovery: sulphur recovery unit
Chem. chemical industry
Platform
Roussillion
(FR)
CS9 Wastewater from pharma | Water recovery: Treatment train for water recovery
Kalundborg & biotech industry and involving a novel ultrafiltration membrane
(DK) municipal wastewater

In the following chapters, the progress per case study referring to the relevant subtasks
for D1.2 are shown in detail.

The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869318
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D1.2 — Operational demo cases

3.Summary and conclusion

ULTIMATE aims to showcase circular economy solutions at nine case studies
distributed across Europe and Israel for the treatment of industrial wastewater in order
to recover water, material and energy. In this frame, 15 laboratory and preparatory
experiments and investigations of existing systems are conducted to test the
ULTIMATE approaches and based on them, 21 pilot plants are developed and will be
demonstrated at the case studies.

Deliverable D1.2 is a demonstrator type deliverable and shows, that the ULTIMATE
pilot plants are operational. To document the status for each case study, a presentation
containing pictures and/or videos of the operational pilot plant is accessible on the
ULTIMATE webpage (https://ultimatewater.eu/demonstration-cases/). This document
accompanies the presentations which are meant to be the main evidence for D1.2 and
shows the progress until M24.

Table 3 provides an overview about the progress of the pilot systems and of the
laboratory experiments. Eight of the WSISs conduct laboratory experiments, before
they implement their pilot plants. In total, 15 different laboratory experiments and/or
investigations of already existing facilities are accomplished to better understand the
circumstances of the real environment and to learn more about the type of technology
before it is up-scaled from laboratory to pilot scale. Seven of the 15 investigations are
already completed and seven are close to be completed with a progress between 75%
and 90%.

Until M24, five pilot plants or (parts of) treatment trains were operational. Three of them
are related to water recovery at the case studies in Nafplio (CS4), Lleida (CS5) and
Kalundborg (CS9). One of them is related to material recovery in Lleida (CS5) and the
last one is related to energy recovery in Karmiel (CS6).

Until M27, ten additional plants are expected to be operational. Most of them are quite
close to be constructed with a progress between 70% and 100% such as the material
recovery unit in Rosignano (CS3), final parts of the water recovery treatment train in
Lleida (CS5), two energy recovery units in Lleida (CS5) and one energy recovery unit
in Shafdan (CS6). Even though the progress is only at 25% in Tarragona (CS1), the
case study leader expects the two pilot plants for water recovery to be operational until
M27 as for the pilot plants in Tain (CS7) dealing with water, nutrient and energy
recovery and reuse.

Until M30, the last six pilot plants shall be operational according to the case study
leaders. One of the six pilot plants recovers water, one recovers energy and the other
four recovery different materials. Especially for those six pilot plants, the contingency
plan is to extend and intensify the laboratory and preparatory experiments to gain more
important data and experience in depth that suggest to accelerate and to shorten the
start-up and optimisation phase of the pilot plants. Even though all case study leaders

The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869318
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D1.2 — Operational demo cases

still expect to complete their pilot test within the project life time of 48 months, time is
becoming a critical factor as sufficient time is required to gain experience from the
pilots and translate this into best practices for WSIS implementation.

Table 3 Overview about the progress regarding the construction and the operation of the pilot plants

Laboratory . Pilot
) ) Pilot plant
CS | Subtask Technology or treatment train experiments or plant
3 L constructed K
investigations operational

Expected to
be operational
M]

1 1.2.1 RO + MD; ammonia removal via zeolites
1.2.2 Reclamation of greenhouse drain water using electrodialysis

2 1.3.1 HT-ATES No pilot plant --> excluded from D1.2
14.1 Recovery of nutrients: test beddings & demo greenhouse

3 1.2.3 Control system to aviod high chlorine concentrations No pilot plant --> excluded from D1.2
1.4.2 Use of byproducts: pilot scale adsorption system

Reuse of fruit processing WW:

4 1.2.4 filtration, AOP, SBP

1.4.3 Recovery of antioxidants: adsorption/extraction

1.2.5 (NF + RO) + (AOP + UV)

AnMBR

1.3.2 ELSAR

5 SOFC
'R i fi i ;
Concept study. ec.ove.ry nutrlen'ts rom digestate; o sl e e e
14.4 fertigation stategies

Solar-driven hydrothermal carbonisation demo plant

1.3.3 AAT Karmiel
6 1.3.4 AAT + membrane filtration incl. PAC Shafdan
1.4.5 Recovery polyphenols (pilot system: adsorption column)
1.2.6 AnMBR + RO
7 1.3.5 AnMBR + heat recovery from its effluent
1.4.6 Recovery of ammonia via stripping
3 1.3.6 Feasibility study: heat recovery No pilot plant --> excluded from D1.2
1.4.7 Recovery of sulfur: pilot demonstration
1.2.7 Novel UF membrane
9 1.3.7 Joint control system No pilot plant --> excluded from D1.2
1.4.8 Concept study: high added value product recovery No pilot plant --> excluded from D1.2

Until all pilot plants will be operational, a very close monitoring of the case studies will
be done by the WP1 management team with the case study leaders and the risk officer
via regularly meetings. In addition, the presentations referring to D1.2 will be updated
every three months until every pilot plant will be operational.

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