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Executve simmary

During thelast decades, climate change impacts have been noticed around the world. In
Europe the quantity of high temperaturgperiods during the summer or drought episodes are
becoming more frequeniThosefactors are increasing the water scarayong the Europea
countries especially southericountries such a$pain or Greecerhis is reflectedn their
nationallegislatiors on water reusewhich were@mplemented in2007 and in 2011.

Due toincreasing water scarcitgjrcular economymplementationis becoming necessany

the water sectornot only for water regeneration but also for material and energy recovery
from water sources, like wastewatéihirough ten case studidecated allaround Europethe
NextGen project demonstratesparticularly in tasks T1.221.4 within WP126 different
potential technologiesto close the watergnergy,and materials cyclesm the water sector.
Specifically, this deliverabis focused on closgithe water cycleéhrough technologies and
casestudies. The technologiesnclude membranebased wastewater treatmentor water
reuse, a feasibility study on reclaimed water production at a local and regional level, rainwater
harvesting systemsand groundwater storage systenmSach technologgectionis meant to

be standalonencluding a presentation of each demonstration case and the main results and
outcomes.

Feasibility study on reclaimed water production at a local and regional level

Prior to implementing circular economy solutions for water recovefyléscale and at a local

or regional revel, it is recommended to conduct a feasibility evaluation. The study carried out

AY CAYAO2Z2I NI £ &2 AYUSANFYGSR LRGSYOGAlf ad
implementation of advanced treatments ftine wastevater in order to obtain theeclaimed

water for reuse established collaboration with the local and regional administration, and
conducted dissemination and communication activities to increase the knowledge and
awareness on water scarcity, water reuse aciccular economy. The study focused on
recovering 100% of the current WWTP effluent 8@ n¥/h (SeeTablel)). Three cliers for

reclaimed water use, as well as the cost to build the reclaimed water distribution network and

the water quality required for the selected uses, were identified.

Tablel. Feasibility study on reclaimed water production.
¢CAYAOZ2 Feasibility study on Urban, industrial and agricultura  Theoretical study; 1800
reclaimed water use m?h
production

programme under grant agreement 6541

- This project hadlB OS A GSR Fdzy RAy3 FNRBY GKS 9dNBLISEY ! YAz



L
Jﬂ@XtGGﬂ D1.3 New approaches and best

practices for closing the water cycle

Advancedtreatment technologies for water reuse

Hve different technologiefor producingreclaimedwater from wastewatehave been tested
in Spernal, Athens, La Trappe, Costa Brava and Gotklhdhe technologieswere at
technology readiness levelRl. 7 anddemonstratedtheir abilityto produce reclaimed water
of different quality levelsto allow a diversity of usesuch asurban, industrial, private,
agricultural,and other nonpotable usesccording to regional and European regulati¢Bse
Table2). The five technologiewere alsamplemented at pilot scale, although thevater flow
rangedfrom 0.1 (at La Trappe}o 20 n¥/h (in Spernal) Additionally, these technologies
demonstrated theimodulaiity, flexihbility, and scalabity for future implementation at pilot
and fullscale However further investigation and tegtg isrecommendedsincethe TRE of
7-8 and operation of each technology may vary depending on imater quality
characteristics.

Table2. Membranebased systems faeclaimed wateproduction.

Technology Quantified impad

Spernal Anaerobic membrane Farming and industrial ust TRL 7500 n¥/d
bioreactor

Athens Membrane bioreactofsewer = Urban irrigation and other TRL 8; 25 #d
mining unit) non-potable use

La Trappe Metabolic network reactor Bottle washing, TRL 7;100 L/h

MELiSSMicrofiltration/reverse aeroponics and
0smosis membranes aquaculture
Costa Brava | Ultrafiltration + regenerated Private use TRL 7; 2 i
reverse osmosimembranes
Gotland Decentralizedeverse osmosis  Indirect drinking water TRL7; 1.6 n¥/h
membrane system supply

Rainwater harvesting systems

The studiegarried out in Gotland and in Filton Airfield demonstrated that significant savings,
in terms of drinking water demand, can be achiewdeenharvesting rainwater in thetudied
area(Se€Table3). For example, with a surface of 110 % is possible to store 10100 n#ly,
meaning 25 % of the annual demarnd case of the Filton Airfieledshere several theoretical
scenariosvaryingthe catchment surface betweeh3 000- 30 000 nfwere evaluated it was
possible taeducel(0-75 % of drinking wateslemandwhenusing the harvested rainwater for
toilet flushingand public irrigation in the area.

programme under grant agreement RP6541
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Table3. Rainwater harvesting systems.

Technology Quantified impact

Gotland Innovative floodgate Urban and agricultural use TRL 7storage: 10000
m3ly, 25 % ofvater savings
per year
Filton Alternative water source Toilet flushing and public Theoretical studyl0¢ 75 %
Airfield irrigation of water savings per year

Aquifer storage systems

Likerainwater harvesting systemaguiferstorage systems allostorage ofa significant water
volume from rainwater harvesting(See Table 4). Thus, thestored volume canreduce
groundwvater demandwhen recoveed water is used for nopotable purposesin case of
Westland the water demandfor horticulture irrigationis met by rainwatestored in shallow
basins andy (unsustainablgdesalinatedbrackish groundwater Theaquifer storage 0f4.8
Mm3ly of excesgrainwaterin a waterbankingsystemat half of the horticulture companies
reduces the net groundwater extraction withore than80% The Gotlandstudy evaluated
the same catchment surface and water storag@abe aforementionedainwater harvestig
system thereforethe annual water savirggwere calculated to be the sani@5% annually)

Table4. Groundwater storage systems.
Westland Aquifer storage and Horticulture irrigation Theoretical studyaquifer
recovery rainwaterstorage:4.8
Mm?3/y; 80 %reduction of
net groundwater extraction
Gotland Real time measurement: Urban and agricultural uses Study; storage 10000
m3/y; 25 %of water savings
per year
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Disclaimer

Any dissemination of results must indicate that it reflects only the author's view and that the
Agency and the European Commission are not responsible for any use that may be made of
the information itcontains.
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1. Introduction

TheNextGenproject aims to demonstrate the viability of technical, business and governance
solutions towards a circular economy (CE) in the water settowork Package 1 (WP1),
aiming to close water, energy, and materials cycles, several technolegresmplemerted

in 10 demastration cases providing evidence demonstraiy the feasibility of innovative
technological solutiondBraunschweig (DE), Costa Brava (ES), Westland (NL), Altenrhein (CH),
Spernal (UK), La Trappe (NL), Gotland (SE), AtBBnh&{lton Airfeld (UKpnd¢ A Y A §RD} NJ
The specific objective tfie WP, to promote the feasibility andiest the technologiespplied,

were presented together with the prexisting infrastructurein D1.1 Baseline conditions
(Kleybdcker eal., 2019)and first resultsn D1.2 Operational demo caséSerra et al., 2020).

The current deliverable is focused on tliEmonstrated technologiesand the studies
specifically within the water cycle (Sdeigure 1). The case studies involved on the
0SOKYy2t23ASaQ AYLXSYSyGalridAazy |yR GKS FSI aa
summarized inrable5 together with the future uses of theeclaimedor collected water.

viil
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Figurel. Circular economy nexus between waterergy,and materials cycles in the water secto
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Table5. Overview of th&lextGertechnologiedor water treatment and storage.

Case study

Spernal

Athens

Wastewater
treatment
technologies

La Trappe

Tossa de Mar

Gotland

Feasibilitystudy
for water reuse

CAYAO2I N

Rainwater Gotland

harvesting

studies Filton Airfield

Westland
Groundwater
storagestudies

Gotland

Technology

Anaerobic membrane bioreactor

Membrane bioreacto&
UV disinfection

Membrane bioreactor coupletb a
MELiISSA membrane system
(MF/RO)

Ultrafiltration +reverseosmosis
regenerated membranes

Ultrafiltration +reverseosmosis+
UV disinfection

Study on reclaimed water
production

Innovativefloodgatefor rainwater
storage

Study d alternative water sources
at district level

Study d aquifer storage and
recovery systems

Real time measurements for water

balance control

Purpose of the watereuse

Farming,ndustrial uses

Urban irrigation, other non
potable uses

Bottle washing, aeroponics ant
aquaculture

Private uses

Indirect drinking watesupply

Urban,industrial,and
agricultural uses

Urban and agricultural uses

Toilet flushing and public
irrigation

Horticulture irrigation

Private households

Complementary to thecurrent deliverable, e technologies tested within the energy and
materials cycles are present&uD1.4 New approaches and best practices closing the energy
cycle in the water sectdiKim etal., 2022) and D1.5 New approaches and best practices
closing the materials cycle in the water sec(®eybdcker eal., 2022) Although the
technologies presenteth deliverables D1.4 and D1.5 are focused on energyraaterials
cycles, some technologiesayalso contribute to clasgthe water cycleébut are not reflected

in the current deliverable

The results obtained from the diffené case studies angresented within the three
aforementioneddeliverableswere used as the bas of the environmental rad economical
assessments in WP#/hich were summarized ideliverables D2.1 and D2.Zhe outcomes

This project hadlB OSA SR Fdzy RAy 3 FTNRY
programme under grant agreement RF6541
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from evaluatngthe future implementationsand scaling up of the demonstrated technologies
were consideredn WP5

The different technologiedemonstrated and the feasibility studies present&a deliverables
D1.3, D1.4 and D1lwere grouped per case study.he case study deliverables, considered
non-official, can be accessed in the case study sectiothefWater Euope Marketplace at
the following link:https://mp.uwmh.eu/l/CaseStudy/

programme under grant agreement RF6541
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2. Feasiblility study on reclaimed water
production possibility and regional
demandAy CAYAO2Z2F NI} oOv

Authors: Ciprian Nanu and loana Groza (BDGroup)

2.1. Description of the demo site

CKS ¢AYAO2I NI 4 0GSNI YR ¢l adSsl G4SN ae2aidisSy A
company). The water system has undergone significant transitions in the last deEaglee (

2) with new drinking water and wastewater treatment plants as well as leakage reductions in
GKS RAAUNAROdziAZ2Y &aeaidSyao ¢KS ySg ¢ PHand 2| NI
is currerily undergoing reconstruction and modernization.

The industrial clients of Aquatim SA are located indhtskits of the city as well as in several

industrial areas (developed in the past decade, often using the infrastructure facilities from
thepast SY i NI f ATSR LIRfAGAOIE NBIAYSOD !ljdz GAY {
partners for the implementation of water reuse concejfhe Timibaramunicipal company

managing the public park$orticultura SA)one¢ A Y A U 2 | bhimpadylpdiiéing siol

andliquid detergents(Dalli Production Romaniand theResearch an®evebpment Station

in Agriculture(SCDA)n Lovrinwere shortlisted to be part of the water reuse study in the
NextGen project.

NLREL T RONAT

Y%

' Figue2. erialphot of the Timoara area (left) and the WWTP (right).

The WWTPs in Aquatim SA are going through a refurbishment and expansion phase due to
the European subsidies at their disposal. WWTPs under construetsmell asthe one in
Lovrin,should comply wh the standard fowastewater discharge in surface waters (namely
NTPA 001/002)t was considered that for both WWTP4 y ¢ akaYahdUr2 Lovrinpnly
additional disinfection steps will be needed to comply with the new EU Regulation 2020/741

programme under grant agreement RF6541
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on minimumrequirements for water reus@European Union, 2020 wo of the three selected
clients in the casetgdy need water for irrigation (agricultural and horticultural cases), while

the third (a detergent production unit) has its own further treatment of the water and is rather
interested in the cost of reclaimed water.

The three cases investigated showeaitthvastewater reuse is naasy to implement in the
current way of placing the WWTPdownstream and outsidsettlements. Tl cost ofreturn

the reclaimed waterbackin the citylocalitiesis going to be too high due to the pumping
needed. Also, returningeclaimed water back where would be needed requires expensive
solutions to cross the cityoldarea. SAARSazX Ay 020K [2ONAY | yR ¢.
of the WWTP effluent cannot implement the water reuse systems alone. The proposed
projects nee to be thoroughly analysed from perspective of the potential pilot case owners.
Apart from Dalli Production Romania, wheas interested in using the wastewater in its
production process if it would cost less than potable watsed today the other two caes

served rather as examples of what could be done in terms of reuse. Following the assessments
conducted in NextGen, some opportunities and barriers were extracted.

2.2. Motivation for implementing circular

economy solutions in the water sector

The implemenation of the Urban Wastewater Treatment Directive (91/271/EEC) along with
available European subsidies, have contributed to the upgrade of the water supply networks

and WWTPs in Romania. It started in large cities and continued with the medium and small

cites as well as the rural area$he construction of new water supply and wastewater
YIylI3SYSyd aegadsSvya Aa Ay FdzZt agAiya Ay C¢AYAU
The studyof water NS dza S Ay GKS C¢CAYAO2F N} aSGNRLRtAGEY
costbeneft analysis understanding of the economic viability and opportunity of water reuse
systems is needed. The involvement of various stakeholders available locally is also important,
along with understanding the capacity of water resources management and taocie
involvement.

Even though water reuse is currently implemented in some European countries, water reuse
projects will only succeed in Romania if watelated and industrial authorities along with

users will understand and apply thiategrated Water Resources Management (IRWM

concept.

2.3. Actions and CS objectives

Table6. Actions and objectives of the case stud¢ ih YA 6 2 | NI

NextGen

Case Stud intervention in
Technology

Quantifiable

number & | Subtasks : circular TRL | Capacity
baseline target

name economy for
water sector

programme under grant agreement RP6541
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Reuse of
effluent for T1.2.5. Water
‘10 SubTask1.25 | jhan, Sty of 250,000 m3/d | yield of the
Feasibil industrial and ol':er){ti(.)a | water | 4 system (% of
CAYAG. easl |f|ttthater agricultural rpeuse Secondary | reclaimed
O j reuse orthe applications effluent water

CAYAS 2L oroduced).

2.4. Unique selling points

Water reuse:
- Water scarcity and rain pattern chamgeesuling from climate change ha an

immediate effect onall agricultural products ifcluding wheat, barley, orchards
vegetables) and agricultural production systei@sirrently usedrrigation systemslo

not considerclimate change effectSocial acceptance is a particular point to consider
when applying technolgies forwastewaterreuse.

- The sectorconsideredin the ¢ A Y A dNExtGRdcase study @&sthe public activities
sector: this includes reusen stadiums,in public parks,in shopping malls oiin
supermarketsThe municipal investment in water reuse techrgiles ould make the
requiredwater available anytimeyhile preserving freshwater sources.

- All other industries iTimiHCounty could consider installatiofesjuipmentwithin their
premises guch as the boilers or cooling systems, or the meat washing in meat
producing sector) and review their sustainability strategies, as the technologies for
water reuse are already availabjen limited scalepn the local markets.

2.5. Principal characteristics of #antechnology

b2 RSRAOFGSR (SOKy2f23& gt+a RSOSEt2LISR |yR |
objective of the study was to analyze and to assess the opporturidresastevater reuse
FNRY (GKS ¢AYAO2FNY |FyR [2ONAYy 22¢ta F2NI &S
applications. The study included an analysis of potentiatevater reuse options, and a
study ofthe threeA RSY GAFTASR dzaSNBR Ay (GUKS ¢AYAU O2dzyie

Opportunities for the proposed options for wastewater reuse are related to:
1 willingness and openness of potential ustswardswastewater reuse
1 climate change impasbn precipitation pattern and rising temperatures
1 running European R&D projects regarding the wastewater reuse in process industries

Barriersto the proposed options for wastewater reuse are related to:

1 publicpublic and publigrivate cooperation is notsufficiently developed to
implement projects as compleasthe reuse of wastewater in the city
institutional capacity at local level
installation of water and wastewater pipes in a city, especially with more historical
areas, is a challenge most of tiime and even sometimes impossible
1 lack of disinfectiortechnologiesat WWTPs

1
T

programme under grant agreement 6541
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1 geographical location of the WWTPs downstreaihe cities and localitieand the
energy input needed to pump the wastewater back in theesitand localities

1 uncertainty abot water demand for industria& agriculturaluses

1 lack of knowledge and low societal acceptance

1 lack of communication & disseminati@gativities regardingwater reuse

2.6. Technology implementation requirements

Table7 aK2ga GKIGO Ay GKS ¢AYAO2FNY OFa&asS aibdzRe
correlations between the current market needs for several industry segments were identified.

Table7. Needs for several industry segments in Timis county.

Customer segment Customer problem/needs

Industry Technicay 22 ¢t C¢AYAO 2 NI Acilywhil@ti@l
industrial platforms are upstream. To pump the wastewater b
in the city might make it more expensive than using freshwg
andAy KA a&ulz2NR Ol fitniyhktbelirdpassibletmstah
the neededunderground or surface pipes. A potertralocation or
building a new WWTRr better installation of a unit as in thé
Athens case studynight be taken in consideratioii there will
enough reclaimed water demand to base decisiolinttallsuch a
unit.
Funding Although there are financial sowes for project
application, the Aquatim SA does not hauarently the capacity
to apply and run such projects.
Cooperation At the moment, local partnerships and cooperati
2y LINB2SOGa 0SisSSy ¢AYAS2F N
service contact between the municipality and water utilit
offering water and clean wastewater must be changed,atid
more competencies and areas of activities for the water utility.
Legislative current water legislation in Romania should com
with European (mordlexible and business oriented) legislation.
Landscape gardening arf There is no  experience in Romania in th
agricultural companies (farms) agriculturalhorticultural@sQelated to wastewater reuse. Many,
customers have their privately owned and financed wells
consider this the right way to use their water. There is
wastewvater NBdzaS LINR2SOG (y26y |
cooperation.
Research institutes The cooperation between R&D omgaations and water utilities i
weak. They need to start cooperating with local/natiorn
organizations in their field of expertise (including providers of 1
water technologies). Applications for innovative projects should
developed and submitted (ai$ is the Athens Case Study in th
NextGenthat could be considered as a pioneer in their field).
Municipalities and local Investments for development or rehabilitation of water supply g
administration in the rural area wastewater management systes should reduce operational cos|
as well as support resilient and circular water systeNsw, the
client base in rural areas is slowly increasing.

Implementation of the Water Framework Directivebsneficial for
both the water sector and the clientgspecially in rural area
where familiesare currentlyusngunsecured water wells which arn
not subject to water quality control or monitoring.

programme under grant agreement RP6541
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Changing the current Aguatim SA business model

Figure3 shows the connections made during the development of the water reuse applications,
considering the main potential groups of customers.
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Figure3. Potential sectors interested water reuse applications.
¢tKS AYUGUSNBalSR 3INRdzZLJak aSO02NR &adzN¥WSeSR F2|
operational case were:
1. Agricultural group
2. Industrial group

3. Municipal services group (including urbarmgation (park watering services) atlde fire
brigade)

Special attention has been given to water reuse inside the cleaning technol@gitadtory)
processes within Aquatim S&urrently, the WWTR A YA U2 NI = | a @g®fft |
Romania, use cle#potable water to wash their equipment. The treated wastewater could be
reusel for thisactivity.

During the first phases of the project implementation, the Romanian partners identified
severalorganizationdelonging to each of the interest groups listeblove.

The current business model used in Aquatim SA is mostly linear. Aquatim SA is buying raw
gl GSNI FNRY (GKS . FylFd wWAGBSNI ! RYAYAAUGNI GA2y . |
several parts of territories in other counties as well).

Qx

- This projecthadlB OSA OSR Fdzy RAy3 FTNRBY GKS 9dNBLISEY ! yA?2
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In recent yeas Aquatim SAstarted to collaborate in various projects with acadenmat only

local actors, but also a Technical University in lasi, Northeastern Romania, as well as in EU
funded projects such as NextGen, which have slowly brought innovation into the usual
process.

2.7. Results obtained

The study carried out in 2021 initially aimed to map and develop coordinated actions with
several potential sectors aiming to reuse wastewater, within the area of Timis County and
ASOSNIf 20KSNJ aYIl f f Ssevides\deloflereds KSNB ! jdzZt GAY {!
The main activities were focused on agriculture, local industries, and some municipal services.

Agriculture

¢CAYAU O2dzyieé KI @34 halolaitiBufukaiared, 6f iviiich §868cha is arable

land. Beside agriculture, thee also vineyards and orchards as well as pastures. According

G2 GKS ¢AYAU /2dzyte [/ 2dzyOAf > GKS | INK&dz § dzNI
areas and very good soil quality.

Spring irrigation of crops, usually done during fweving of the crops, requires 26D0 nvof

water, while the reserve irrigation applied in the autumn required an additional 3¥Banfior

wheat, 900 niha for maize, and 950 #fha for soy. Also, during vegetation periods, irrigation

is done based on a setiule that establishes how many times per year and when the crops
should be irrigated. Irrigation should be applied when the soil humidity is under the minimum

limit and should be stopped in case of precipitation. Therefore, if the nopredipitation

duringthe vegetation perioccannot fulfil the amount of water needethis results in a water

deficit of approximately 30 #tha for wheat,1 030m%ha for maize an® 730 m%ha for soy

per year.

The local organization selected to be part of this current gtwdsSCDA LovriSCDA Lovrin
isPOFGSR FLIINRBEAYFGOSte pn 1Y FENI FNBY CAYAO2
varieties for cereal crops. For this purpose, they own 2200 ha for research and testing activities

that are currently not irrigatedOnly the offices of th&CDA Lovriare connected to the water

network of Lovrin village (currently under development). The water supply network is being
extended and a wastewater management system is being installed.

For SCDA Lovrin alone, irrigating agitural crops using groundwater is too expensive of an
investment. For the current needs, SCDA Lovrin uses approxin3a@&§ m3/year, but this

amount could be lowered if reclaimed water could be used for restrooms (a conclusion agreed

to by managemenaéfter visiting and promoting water reuse concept).

¢CKS 6FGSNI YFaGSNLI Y F2NJ ¢AYAU O2dzylithe T2NBa
WWTPwas already under construction in 2021, at approximately 500 m west of the village

and approximate 5 km from $@ Lovrin, located in the eastern part of the villagey(re4).

This project hadl B OSA SR Fdzy RAy3d FNRY GKS 9dzZNRLISIY ! yA2
* programme under grant agreement 6541
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‘SCDA Lovrin

The impact of climate change was also monitored at SCDA Lovrin. In accordance with available
local data, during 2012018 the temperature was above the multiannual average2y22C.

Also, the quantity of precipitatio was greater the multiannual average of 500 mm for 5
consecutive years. The experts also noticed that the precipitation distribution does not match
the growing seasomwf the crops, which has an impact on production quantity and quality,
pests and diseaseweed growing and soil erosion.

The Lovrin WWTP is already in the development phase, but the final design does not include
a disinfection step, thereforéhe cost for disinfection, pumping unit argipes needed to

divert the reclaimed water towards SCDAvrin wereincludedin the estimdion. Table8
summarizes the estimated costs of implementing the project and using the effluent
wastewater from Lovrin WWTP (serviced by Aquatim SA) at SCDA Lovrin.

Table8. Estimated costs to implement the project and use of the effluent from MAKNMP. Note: The figures in table are
estimated for local construction cosising prices fror2021.

UV lamps (2§ including installation 40000
Automatic pumping station including the unit construction for pumps 103093
Pipe (5 km}; including digging and covering the ditch 206185
Pipes for transport of water in the field 5000

Basin pumps 12000
Water pivot 74427
Total 440705

The analysis of the economic efficiency indicators specific to the investment performed for
the agricultural sector, namely SCDA Lovrin, has been done according to the following
hypotheses:

This project hadlB OSA SR Fdzy RAy3 FNBY (GKS 9dzNRPLISIY | yA?Z2
programme under grant agreement RF6541
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The investment is considered for 30 years of full operation. Given that there is no forecast
for population decline or mass migration from the area, we consider that the time horizon
in which the investment can operate (30 years) is reasonable.
Accessinggrants worth 410,705 EUR, which represents ~93% of the total investment
value. These funds can be accessed through the Operational Program for Sustainable
Development 20222027 or other forthcoming programs.
As local council Lovrin is interested to setupodd swimming basin and/or to festablish
the wetland area nearby the future WWTRdesincome, there are also plenty of
environmental benefits which add to the value. The following can be mentioned (not an
exhaustive list):
the recreational activitiesf the population are enhanced and this can lead to
the reduction of the number of people with anxiety, depression, obesity.
reducing the pressure on hospitals;
thermal waters used during balneaphysiotherapy, in case tourism services
are a priority,and could be added to the water reuse process;
reducing the carbon footprint of companies that manage water resources (not
calculated by local water utility or other organizations at the moment);
reducing the carbon footprint of the population seekingnestion activities.
In the first 10 years, the expenditures are higher, but are expected to be reduced due to
the expansion of agricultural areas which will be irrigated.
Discount rate considered: 8%.

Taking into considerations the items below, with lapgecentage (93%) of investment coming
from other subsidies, the individual investments required are showraine9.

Table9. Results of the investments.

vate U

1 General investment (own investment SCDA Lovrin) 30000.00
2 Costs water, maintenance @perations /seasoi year 110 8861.00

Costs water, maintenance & operations /seasoyear 1130 2000.00
3 Income¢ Crop/season 9000.00
4 Annualized Investment 27777.78
5 Annualized Costotal 88126.58
6 Net Present Value (NPV) 4860.13
7 Internal Rate of Return (IRR) 8.543%

The investigations done for the studied cases (in the 3 sectors) revealed that currently,
agricultural projects have the highest chances for wastewater reuse, especially as
precipitation pattern changes have both quantitative and qualitative direct impact
agricultural crops.

Industrial production

programme under grant agreement RP6541
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The local partner selected to be part of the water reuse study was Dalli Production SRL., a
detergent manufacturepart of Dalli Group Germang I £ £t A t NP RdzOGA2Y Ay ¢A
manufacturing plant can be divided two main product categories:

T 2yS ftAYyS Aa (KS  un@m approximatéiR SboSoNBtS yvatdr f Ay S
consumption and

T 6KS 2GKSNJ 2y S A&  Kwhichieds agprozimatelgRB 6f $hB Sy § &
total water consumption.

For the liquid detergents, the water quality parameters are very important, therefore, the
potable water from the public network is further treatedrough reverse osmosis filtration
and UV disinfection (within the pmises of Dalli). The water also needs a very low conductivity
of approximately 3> { k.OY

¢KS 5FffA tNRBRdzOGA2Yy LIXIyld Aa f20FindR 2y |
favourableroute for bringing the treated wastewatein this case waso use tre former

industrial watertreatment unit- built approximately 100 years ago. This unit consists of two
sedimentation basiswhere water fromBega Rivewas pumped and from there it was sent

through a network of pipes to the industrial area. The former stdal unithas a central

location that could be used to divert the wastewater to the industrial platform.

In the past, the processing industries located at the @oama industrial platform used the
Bega River as their fresh water source, which underwent sedimentation processes in the
industrial water unit. Afterwards, the processes industrial water was delivered to the
factories. The industrial water delivery systavas organized in the 20th century when the
city started to develop.

Identifying the possible wastewater route to be used in the case of Dalli Production was part

2F (GKS aiddzRée & ¢ WHTP, hitd cAnib¥ usédXoY tRidpirpold, is located in

the southwest ofTimidoara city and the wastewater after tertiary treatment is discharged in

a channel that transports the water further to Bega River. The wastewater collection and
discharge are dongravitationally, therefore, if wastewater would be returned to the city, this

would require pumping and construction of the needed infrastructure for transport. In order

to potentially supply wastewater to users such as Dalli Production or other potential
wastewater users on the industrial platforms, the most feasible solution considered was to
LidzYLJ 0KS ¢+FadSel GSNI FNRY (GKS ¢AYAO2I NI 22¢t
sedimentation basins could be used as a buffer. This would involve instalpngxapately 8

1Y 2F LALIS Ay GKS . S3F [ KFIYyyStz | LizYLIAy3a &i
transport pipe in the Bega channel if it would be possible to obtain the needed permit from
Banat River Basin Administration, and restoration of théireentation basins at the Industrial

Water Unit.

The cost estimation for the investment iwastewater reuse system (to be financed by
Aquatim SA) is shown Tablel0.

programme under grant agreement RP6541
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Tablel0. Cost estimation of the investment in water reuse system for industrial production.

Pipe for water 40.81 Euro /m 324,000 PEHD, PE 80, Pn 10
D=200 mm, L&100m

Pumping station with pumping 145000 Euro 145,000

house construction

Sedimentation basin rehabilitation 20.41 Euro/n? 70,000 115 m x 30 m 3450 n?

for water storage (cover with
waterproof foil)
Total 539,000 Euro

Besides the costs estimated above (at level of year 2021), further treatment of the wastewater
would be needed, mainly disinfection, but also equipment to better remove phosphates,
nitrates, plasticmicro-particles or pharmaceuticals. On the demand side wastewater
effluent reuse project also should be realized, in order to connect the industrial water unit
with the Dalli Production premises (as well as other potential industrial users of Aquatim SA
effluent).

During the case study, the challenge wadtR Sy G A F& | NRdziS (2 | @2AR
area (as the wastewater pipe from industrial water unit to Dalli Production must be installed
underground). The estimated costs for this part of the investment are showraloe 11.
Investments items taken in consideration for Dalli case are present€dulel?2.

Tablell. Estimated costs of the investment to connectitithistrialwater unit with Dalli Production.

Cost/unit Total (Euro)

Water pipe 32.65 Euro/m 60800 Euro PEHD PE 100, Pn6, D=1
mm, L1 900m

Cost to repair roads 51.02 Euro/rd 42750 Euro Approx. 45% of the total
pipe length

Total 103550 Euro

Pumping station 120000 Euro + 120000 Euro Pumping will be needed

from Industrial Water
Unit to Dalli Production
site/ industrial platforms

Tablel2. Total investments for Dalli case.

Cost/unit Total (Euro)

Water pipe 32.65 Euro/m 60800.00
08! {0 repar 51.02 Euro/rd 4275000
Total | 103550.00
Pumping station 120000 Euro 60000.00
Costs estimated for the proposal to use the Bega channel for pipe installation 199666.67
Total Il 259666.67
TOTAL INVESTEMENT 363216.67

Consideringeveral important parameters of the investment in the case of Dalli Production in
CAYAOGO2FNI S (GKS Oz2al STFAOXBWIAE 2F (KS Ay@dSai
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Tablel3. Cost efficiency of the investment in Dalli Production case.

1 Investment 363216.67¢

2 Costs water, maintenance & operationgar +10 500.00¢
Costs water, maintenance & operationgar 1130 1000.00e

3 Income 5000.00¢

4 Annualized Investment 336311.73¢

5 Annualized Cosdibdtal 331295.52¢

6 Net Present Value (NPV) -279636.23¢

7 Internal Rate of Retur(iRR) -5.95%

8 Investment recovery time 85.46years

At the end of the studyDalli Productiorconcluded thatuse of reclaimed water considering
the proposed/simulated investmens going to be expensive-more expensive that using
potable water for their industrial lines.

Municipal Services (Horticultura BA

¢CKS OAGe 2F ¢AYAO2FNY Aa (yz2s6y F2N Ada LI NJ
current mayor has a new approach regarding the green infrastructure in the city, water for
irrigation will be needed anyway due to climate change impacts, asdong periods with

high temperatures combined with droughts periods that have negative impacts on vegetation.
Another reason to consider water reuse in this case is because of the groundwater in the area,
which is rich in ironand createsproblems for (fassical) irrigation systems which use it.
Currently there are irrigation systems using groundwater installed in some public parks:
w21 SE2NE / 2LIAAE 2NE WAdZAGAGASA FyR /,8900INI f 62y
A more feasible solutiogr 2 dzf R 6 S G2 NBdzaS GKS 41 adSel GSNI T
The production unit of Horticultura, where the greenhouses (0.64 ha) are located, is another
AYRAZAGNALFE FNBF 2F ¢CAYAO2F NI aAYFffSHMMIKIY 2
effluent (besides Horticultura greenhouses). Potential users include Continental Automotive

(tires manufacturing and the second largest potable water consumer of Aquatim), TRW
Automotive Safety Systems (manufactures wheels), and Retim (collects palinveiste and

needs water to wash the garbage bins and trucks).

The Horticultura municipal greenhouses have low water consumption, but if combined with

the other potential users mentioned above and if everyone would be willing to share the costs

for the needed infrastructure, could use the effluent from the industrial water unit.

Similar conditions exist for the Dalli Production case: the first step towards investing in a water
NEdzaS LINP2SOG | OOSLIWISR ¢2d2Z R 0SS (GraR@BSt 2 L) |
02 GKSANI 0dzZFFSNI OAYRAZAGNALFE 1 GSNJ dzyAdG0d | Of
AYAOGAL T Ay@SadyYSyd akKz2dzZ R O02YS FTNRY GKS g4I 0
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investment would be to install a pipe from industrial watenit to the location of the industrial
platform, where Dalli, Horticultura and other users are located.

Prior to installing a wastewater pipe from the Industrial Water Unit to the Horticultura
production unit, similar challenges exist as for alli production site route identification,
installation of underground pipes and obtaining the needed permits.

The costs estimated for the municipal Horticultura are in the same range as the Dalli
Production, at level of 2021 (S@&ablel4). Similarly, the investments costs and indicators for
the Hordicultura case are shownTablel5and Tablel6.

Tablel4. Estimated costs for the municipal Horticultura.

Water pipe 32.65 Euro/m 73600 Euro PEHD PE 100, Pn6, D=1
mm, L2 300m

Cost to repair roads 51.02 Euro/m 63250 Euro 55% of the total pipe
length

Total 136850 Euro

Pumping station 120000 Euro + 120000 Euro Pumping will be needed

from Industrial Water
unit to Horticultura
location

Tablel5. Investment costs for Horticultura SA case.

ltem Cost/unit Total cost
(Euro)

Water pipe 32.65 Euro/m 73600.00
Cost torepair roads 51.02 Euro/m 63250.00
Total | 136850.00
Pumping station 120000 Euro 60000.00
Costs estimated for the proposal to use the Bega channel for pipe installation 199666.67
Total Il 259666.67
TOTAL INVESTEMENT 396516.67

Tablel6. Investment indicators for Horticultura case.

1 Investment 396516.67¢
2 Costs water, maintenance & operationy@ar +10 500.00e
Costs water, maintenance & operatiorygar 1130 1000.00e
3 Income 5000.00e
4 Annualized Investment 367145.06¢
5 AnnualizedCosttotal 374584.84¢
6 Net Present Value (NPV) -322925.55¢
7 Internal Rate of Retur(iRR) -6.37%
8 Investment recovery time 93.30years
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¢ KS OdzNNEB geiup(gositdringoRthe NUWTP, the industrial water unit, the industrial
platforms, etc) makesit difficult to transport the wastewater back to the city. Investments
cannot be recovered in a decent period of time, considering that the working hypothesis was
that the system wi be in operation for 30 years. The investment recovery time could be higher
if further costs which were not identified during this research project would be added to these
initial costs.

2.8. Comparison of baseline situation and

NextGenKPIs

CAYAU [/ 2dzyGé R2Sa y20 OdNNByidfte KFEZS | g+ GSN
Ff NBF Ré AYLI OGSR GKS I 3INA Odzf G dzNIThe cauStphag NE |y
approximately 69334 ha of agricultural area, out of which 5808 ha is arable land. Besides

' ANRAR Odzf G dzZNBX GKSNB IINB fa2 @AySeélrNRaAX 2NDOKI
Council, the agricultural potential is remarkable due to the extenftltchreas and v/ good

soil.

As the study of SCDA Lovrin and other R&D projects showed, the precipitation deficit in the
agricultural sector occurs when water is needed the most, when the plants are in full growing
season. That is why the wastewater reuse from SCDAnLanwld be a best practices example,
especially as the local authority Lovrin is willing to cooperate and identify other potential uses

for the reclaimed water.

The proposed projects could have various impacts (positive or negative, intentional, or
randam). Some of these consequences derived from projects were identifiedatel?.

Tablel7. Identified consequences derived frpmjects that could be estimated.

Wastewater LY ¢AYAU2INY= g1 &0G§Ss!t ( Euros
infrastructure irrigation systems within the citgthe currently
used groundwater is not suitable due to high iron
content
Washing the streets m?3 of fresh water
saved
For firefighters m?3 of fresh water
saved
In Lovrinarea wastewater could beeusedfor Euros

more agricultural holdings than just SCDA Lovrin
Uses of the resource Increase the quantity of wateavailable for non m?

potable use

Secure water supply during drought periods m?3

Water quality after treatment used for different = Wastewater quality

actions threshold values
Public health Biological risks associated with the wastewater = People & animals

reuse exposed

Chemical risks associated with the wastewater =~ People & animals

reuse exposed

programme under grant agreement RP6541
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Environment ' @2 AR LRfttdziAaz2y 27F G KS Wastewater quality
threshold values
Maintain the aquifer level and depth Kn?and meters depth
Wetland could be setup to enhance biodiversity = Visitors
Education Increase awareness about freshwater resources No. of people
protection

Increase the acceptance for wastewater reuse = No. of people

The environmental and the public health impacts are very important to evaluate as they could
have negative consequences if the potential pollutants are not removed by the established
treatment train. Wastewater analyses should be performed regularly ancase further
treatment is needed, the necessary equipment should be installed in order to continue the
wastewater reuse.

Although the economic viability of the proposed projects for wastewater reuse must be
proved by project implementation, the initi@glalculation is a key point from which to start
developing a project proposal and accessing public funds #inaacing. Other aspects, such

as overestimation of the potential users of the treated wastewater, which is closely linked
with public acceptane of this type of water, or environmental issues, could affect the final
success of the proposed projects. Especially for SCDA Lovrin case, which is most likely to be
implemented, it worth considering the benefits associated with the irrigated agriculiamal

use. The cooperation between Aquatand SCDA Lovrin could lead to a more sustainable
water management in the future for the whole region. The sludge produced at the Lovrin
WWTP could be turned into biogas together with agricultural waste. Tlaeidewastewater

could be used for irrigating the green areas in Lovrin or by other farmers in the region. Storage
basins or storage lakes could be setup in the area. Further adapting the wastewater treatment
to match the quality required for bathing watgrsuch as for a coldater swimming pool
proposed by the local Lovrin municipality, could be implemented.

Although the current situations are not favorable for wastewater reuse, the change in
precipitation pattern and long drought period could foster timeplementation of irrigation
systems, and wastewater has the largest potential to be reused. The current sanitation
network expansion work in the rural areas could already be used to install the needed train
treatment so the wastewater could be used faigation and for other agricultural activities.

The most relevant data that could be takencionsideration fothe needed investments are

the Internal Rate of Return (IRR) and Net Present Value (NPV)q8le&8).

Tablel8. Internal Rate of Return (IRR) and Net Present Value (NPV) obtained after the economic analysis of the three cases.

SCDA Lovrin 8.54% 486013
Dalli Production Romania -5.95% -27992523
Horticultura -6.37% -32292555

At the first glimpse the SCDA Lovrin case study seems to be the most robust. The future WWTP
Lovrin is only 5 km away, the instalment of the disinfection step is not very complicated, the
future National Strategic Plan 202827 foresees funding opportures for irrigation
systems, and the local council is willing to support SCDA Lovrin by participating and using the
treated wastewater for a swimming basin or a lake. Therefore, although the investment cost
is quite high if considered individually by thetential partners (AquatimUniversity of

This project hadl B OSA SR Fdzy RAy3d FNRY GKS 9dzZNRLISIY ! yA2
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Agricultural SciencesJSAMY, ¢ A YA O 2 NI k{/ 5! [2@ONAYy«k[20Ff 0O2d
2F (GKS t201t O2dzyOAat (2 &adzZJIR NIz GKS SEA&GSYy
soil and plants as well #ise available funding opportunities, makes the agricultural case study

most feasible for a partnership setup and future project development and implementation.

For the municipal case studies of, Dalli Production and Horticultura, without economic or
regulatory benefits, the economic analysis showed that the needed investment as well as the

cost of the treated wastewater and IRRs are negative even if the system operation was
O2y&ARSNBR T2NJ on &SINERO® ¢CKS tf20F0Athg 2F (0
city center, the location of the two case studies in different industrial platforms, and the
challenges to identify the most feasible routes for pipes, increased the sensitivity of potential
projects. Additional unknown variables included the apprdeabipe installation both in the

Bega river and to the two industrial platforms, the uncertainty of the partnership for available
financing programs or for the next programming period, the increasing prices for energy
(pumping will be needed in at leasivo locations), the commitment needed from the
beginning to the end of the project, implementation of which may take longer than 2 years

for implementation, as well as other variables currently unknown.

2.9. Lessons learned

Required competence LOW— HIGH

Which knowledge is required to operate a water reuse project?

1. Basic knowledge about circular water and the role in the local circular economn

2. Modern technologies available on thecal market.

3. Cost assessment regand the water reuse. Since the local conditiongtih Y A 0
are not probably favorable for the transport of reused water products, several
scenario options must be developed for the future projects. Knowledge transfg
for waterwhen considered as a businessneeded

What kind of training is necessary?

1. Project management for the assasent design, and management of a water
reuse project

2. A mourse on correlation between water reuse, health, anvironmental topics.

3. Fundingopportunitiesfor considering water reusasa local business.

Not applicable, theoretical study

Technological risks LOW HIGH

Maintenance ov/ I ...
A

Not applicable, theoretical study

This project hadlB OSA SR Fdzy RAy3 FNBY (GKS 9dzNRPLISIY | yA?Z2
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2.10. Best practice guidelines for operating the

technology

Initial market approach

The current approach within th&lextGenWater projectinvestigatal the possibility for

reusng the treated wastewaterof Aquatim S® &WWTPs it A YA 6 2 inN.bvrinl Vh&
LI2aadaAoAtAde 2F ySg Ay @SainviSafen in kofisideratin2The A Y
wastewater flowused wasbasedon current parameers within Aquatim SA WWTHnN
CAYAU2FNY YR GKS F2NBaSSy LI NIYSGSNB Ay [20
¢CKS FANRO a0dSL) ¢la G2 SOlLtdad G§S¢hKETiHOIY 2YAO
determine the list of stakeholders of relevant local industmésch requiredanalyss.

Based on the consumers (clients) data of Aquatim SA and the new European regulation for
wastewater reuse in agriculture, list of potential companies/institutions were selectdthe

initial list included 5 entities in the agriculture/horticulture sector and top 10 largest Aquatim

SA consumers.

The next step was toinform (email, telephone)the selected entities about thé&lextGen

Water project and scope of the water reuse requirements.

¢KS adl { SK2f RS NEshanp&déd®yOvarib’d ynknoiBFaOt@sckas water
legislation(in Romania there is nourrently clear legislation for wasteater reusetherefore

is unclear fo companies if they can or cannot reuse waldre Water Lalvmentions¥® Q g I (i S NJ
NB dzin ust @ne articlg, the changesof potable water resourcedue to climate change

impact on water availability. There were also known fagteschas the cost of fresh and

potable water, the bureaucracy for obtaining various perpotsthe current local wastewater
balance.

Following the selection process three entttizvere selected: SDCA Lovrin in the agriculture
sector, Dalli Production Romania in the process industry, and Horticultura SA in the municipal
services sector.

Establishing the content of the water reuse study

In Romania, the framework for a feasibilgudy for projects implemented with public funds

is established by the GD 907/2¢1&or this feasibility study on the potential of wastewater
reuse developed within the NextGen Water project, the model used was the one developed
within the AQUAREC prajethat elaborate eHandbook on feasibility studies for water reuse
systemgqUrkiaga etl., 2006) Since currently there is no real project development for water
reuse, the investigation was limited to estimation and assumptions.

1 https://legislatie.just.ro/Public/DetaliiDocument/8565
2 http://legislatie.just.ro/Public/DetaliDocument/185166
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3. Advancedwastewater treatment
technologies for water reuse
3.1Anaerobic membrane bioreactofAnMBR)in

Spernal (UK)

Authors: Ana SoareUCRANand Peter Val¢STW

3.1.1. Description of the demo site

TheSpernal wastewater treatment plant (WWTP) is a medium sized plant serving the towns
of Redditch andbtudley andslocated approximately 24 km south of Birmingham (BQure

5). The site has a dry weather flow of 1,158mm{or 27600 n¥/day) serving 9900 population
equivalens. Spernal WWTP includes a preliminary treatment, primary treatment, an activated
sludge plant, secondary clarifiers, and sdittérs. The treated effluent is discharged to the
Arrow River which is designated as a sensitive area under the Urban Waséz Treatment
Directive (UWWTPand has an overall water body status of moderate under the Water
Framework Directive (WFD). The sludge produced on siteiranther local rural works is
further treated in anaerobic digesters and dewatered before being recycled to local farmland
and industres. The biogas produced by digesters is burnt in combined heat and power (CHP)
engines to produce heat and electricity.
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Figureb. Location of the Spernal wastewater treatment plant (WWTP) within the UKitegtiom (left) and local map (right).

{LISNYy It aSNBSa | a {SOSNY ¢NByid 2 iSNRa a! Nbl
technologies compatible with low energy demand, low greenhouse gas emissions and a
circular economy approach are evaluat€igure60 ® ¢ KS a! NB Iy { O{NB Qi3 e 5
containsall the infrastructureneeded: power, wastewater feed, drainageéglemetry, and

biogas handlig equipment necessary for thdlextGentrials, together with office and

laboratory facilities. Among the technologies tested is a naifeam demonstration scale

programme under grant agreement RF6541

- This projecthadlB OSA OSR Fdzy RAy3 FTNRBY GKS 9dNBLISEY ! yA?2



\
-JnextGen D1.3 New approaches and best

practices for closing the water cycle

anaerobic wastewater treatment plant for carbon managementd ion exchange processes

for nutrient management Kigure 7). The demonstration plant incorporates an anaerobic
membrane bioreactor (AnMBR) completeith a membrane degassing unit to recover
dissolved methaneThe AnMBR combines several benefits such asnergy foraeration

needed toremovwe COD/BOD, low sludge production and associated treatment efforts, biogas
production (production of electricity/bat),anda high-quality effluent which can be reused in
several applications (e.g. farming and industrial use). The ion exchange (IEX) process enables
targeted ammonia (N) and phosphorus (P) removal and recovery to prodhgguality

effluent whilst ecovering calcium phosphate salts and ammonia sulphate solutions.

Spernal Urban
Strategy
Demonstration Site

Figure6. Aerial picture showing the Urban Strategy Demonstration Site at Spernal WWTP and the location where the
NextGerdemonstrator was built.

- s

Figure?. Aerial picture showing théNextGerdemonstratorincluding the anaerobic membrane reactnd degassing unit.

programme under grant agreement RP6541

- This projecthadlB OSA OSR Fdzy RAy3 FTNRBY GKS 9dNBLISEY ! yA?2



\
gnextGen D1.3 New approaches and best

practices for closing the water cycle

To CHP or

T utilization
UF membrane D .
egassing
tank "
Permeate membrane umL
UASB X I
\ \ \ tank
reactor NN TN | —» TOIEX
‘\ ‘\ \ columns.
Settled \ \ \
wastewater l

Biogas sparging Vacuum pumps é 3

g

2 W | 3 polypropylene [(E58 |
i = hollow fibre |§ B

* Fro | membrane modules SR M |
My ith 4 tacts h e |
- with 4 contactors each [ERES .

(212 m? per module) i ‘
2 operated in series, M oy
1in stand-by (3M)

Rectangular
. 200 m?®
Ay reactor with
6.7 m of
water height
(Waterleau)

s

3 polyethylene hollow fibre ultrafiltration
membrane registers with a total membrane
area of 1074 m? (SFC-Trant)

Figure8. Schematic representation of the process.

The data gathered at the Spernal WWTP innovative technology flowsheet aims to
demonstrate and showcase the viability of this transformative approach toemader
treatment in coldclimate northern European countries, enabling future energy recovery
combined with effectivenutrients recovery. The project confirms the optimal design and
operating parametersfor deliveing a comprehensive energy balance andstcdenefit
assessment.

3.1.2. Motivation for implementing circular economy

solutions in the water sector

As he water sector is a relatively large user of energy and a significant emitter of fugitive
greenhouse gases (nitrous oxide and methaite3 therefore incumbent on water utilities to
address the challenge of climate change by striving to rediheg carbon footprins.
Transitioning to a more circular way of operatimgducing the amount of energy and
chemicals requiredor treating water, and recovering and reusing the energy, materials and
water which areplentiful in wastewater will become a central strategy of water utilities.

The AnMBR/ion exchange flowsheet, once proven, can deliver an energy neutral wastewater
treatment process, reduce process emissions by removing the main contributor to nitrous
emissions¢ biological nitrification and denitrificatior and facilitate resource recovery
through producing a solid@3¥ree, disinfected effluent ideal for nutrient (N and Rjcovery
and/or the recovery of water and nutrients through fertigation.

3.1.3. Actions and CS objectives

Tablel9. Actions and objectives of the Spernate study.

NextGen
s intervention in
Study Subtasks Techpology circular Capacity Il
number & baseline target
economy for
name
water sector
#5 SubTask 1.2.3 Spernal Decentralized | TRL6 | 500 m3/d | Pathogen and
Multi-stream | wastewater water m 7 | (max) solids free
Spernal | anaerobic treatment plant | treatment by a effluent which
MBR for serves as Severr multi-stream canbe reused

programme under grant agreement RP6541
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Location: | district-scale | ¢ NSy (i 2 || anaerobic in a number of
Spernal reuse al NB |y { membrane applications
WWTP applications Demonstration | bioreactor (e.g. farming
(Spernal) {AGS¢ (AnMBR) and industrial
use).

3.1.4. Unique selling points

Anaerobic membrane reactor combined witan effluentmethane degassing system:

- No aeration energy required for removal of chemical and biologicgigen
demand

- Low sludge production and associated treatment efforts

- Chemical free process remamethane from liquids

- Up to 99% methane recovered from the dissolved fraction

- Pathogen and solids free effluent which can be reused in a number of appligation
(e.g. farming and industrial use)

- Compact equipment with low footprint low operation costs.

3.1.5. Principal characteristics of the technology

Anaerobic membrane bioreactsfAnNMBR) combine an upflow anaerobic sludge blanket
reactor (UASB) with physical sepon membranes, ultrafiltration (UF) for soliduid
separation and membrane contactor for gdsjuid separation. As shown Figure9, the UF
membrane system is integrated with the UASB through sl stream recirculation line
configuration andthe technologies should be evaluated together. The combined technologies
result in solid andorganic contaminant removal from wastewatand biogas production for
energy recovery. The AnMBypicallytreats 200 ni/d (max 500 n¥d) of settled wastewater.

In the UASB reactor (Waterleau), inoculated with mesophilic industrial granular sludge, the
recirculation (with the UASB effluent and/or frofime UF membrane tank) is used to sustain
an upflow velocity of 0.8 m/h and a hydraulic retention time (HRT) -d0$. The three
polyethylene hollow fibre ultrafiltration membrane reactor-fEM from SFJrant) has a
total membrane area of @74 n? andissparged with the biogas produced in the UASB reactor.
The HRT in the UF is hand the flux is 10 LM@&m?2.h).

programme under grant agreement RP6541
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Figure9. Schematic representation of the process of the AnMBR (top) and pictures of the technologies at Spernal WWTP
(bottom).

3.1.6. Technology implementation requirements
There are several parameters that affect biogas production from anaerobic membrane
bioreactors (AnMBRS), including hydraulic retention time (HRT), solids retention time (SRT),
temperature, pH,and organic loading rate (OLR). The feasibility of anaerobstemater
treatment in the UK has been demonstrated through p#oale trialsvhichhave taken place
at Cranfield University since 2003. The work completed to date has showed that treating
municipal low strength wastewater (CG{300 mg/L) at real temperatas (622°C, with an
average of 14°Gh an AnMBRs feasibleand they have thepotential to replace traditional
energy consuming aerobic wastewater treatment processes. Hydrolysis is the limiting step,
therefore long sludge retention timesre requiredto ensure stable biogas production
andsolids can be maintained in the reactor by using a membrane filtration after the UASB.
This combined system has been thoroughly investigated at-pdale. The operational
envelope includes fluxes ofB LMH and HRZ-12 h (Table20). Membrane fouling is of
physical nature and can be controlled by intermittent gas sparing practices using biogas, whilst
still maintaining the process energy efficiency. Tlev to the membranetank canbe turned

programme under grant agreement RP6541
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up-down easily and its design was completed using aerage flow rather than fuflow to
treatment. COD removals of 6% can be regularly achieveghereas90-95%removd can
be achieved when coupling the UASB with a membramech produceffluents with 0 mg
TSS/I<20 mg COD/L and <10 mg BODHe nmethane composition in the biogas is high (80%)
whichfacilitatesits upgradinge.g.: car fuel 9®8% CH4)r other usesDespite the capacity
and advantages on anMBRutrients removal in the anaerobic reactor is negligiblel@So
phosphate removal and ammonia increase B84 due to solids hydrolysis). Ptstatment
for nutrients removal/recovery is necesya

Table20. Required operating conditions of the AnMBR.

Anaerobic bioreactor

pH - 6 8.2

Temperature °C 4 25 Paissoni eal.
Flow rate m3d (2022)
Hydraulic retention time (HRT) day 3 15

Sludge retention time (SRT) day 10 150

Membrane contactor

pH - 6 8.2

Temperature °C 4 25 Paissoni eal.
Flow rate m?d (2022)

Water flux L/m?.h 5 50

[N

Specific gas demand per membrane arem¥m?2-h 10
Other practical requirementsecessaryor implemeningthe technology:
- An dd asset thais expired, suchsan activated sludge procesa$h or trickling

filters, and aWWTRIn need of reconstruction

- A geen field site (very rare)

-  AWWTP needing a significant upgrade

- Refurbislingand upgradhg a rural WWTP (often with <2,000 PH)gtthe UASB)

-  AWWTP that requires the production of water for reusey(,fertigation)

- Available fresh settiéwastewater, ideally with low sulphate concentrati® favours
the anMBR biological processes and performance

3.1.7. Results obtained

The AnMBR wanmitially fed from Sepember-November 2021. After 4 weeks of operation
(from startup period), the systemvasachieving >95% TSS removal, mostly due to the UF
membrane Figure 10). The S©@removal was >80%, indicating an active community of
sulphatereducing bacteria in the UASB reactor and no biogas production was observed after
1 month of operation. Overall, thenMBR performance was not as expectédter thorough
investigative work, the main reason for the limited performance and no biogas production
wasthe septic influent to the AnMBR. This happened because the influent was first stored in
a buffer tank with large capacity and very long HRRfich caused thdank to act as an
uncontrolled anaerobic reactor. Under these conditiptie sulphate (over 100 mg/Ejgure

10) and COD were conved to BS, decreasing the oxidation reduction potential (ORP) of the

programme under grant agreement 6541
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wastewater t0-100 to -200 mV/ causing thewastewaterto becwme septic. Under such
circumstances, specifically the very low ORP and high sulphates, the microbial community in
the UASB gidually shifted from anaerobic digestion to sulphate reduddagteria To solve

the problem modifications were made to the buffer tank to reduce the HRAd a new
procedure for regularlglearingthe buffer tankwas implemented
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FigurelO. Influent characterisatiof the AnNMBR between SeNov 202 (top) and rcentage removals of various
wastewater pollutantgbottom).

From 22/11/2021 to 31/05/2022 the demonstration plant faced several issues that took some
time to diagnose and fix. The first one was a blockage in the UASB influent puniap,
prevented the influent from reaching the systenThe problem was related withag
accumulation anavas fixed by cleaning some internal components in the reactor. The second
major issue was a compressor fail, also required for the UASB operation, as the valves were
open and closed usingpmpressed air. Due to supply chain issuessib@e compressowas

not readily availablgleading to a longhutdown of thesystem. The AnMBR was finally put
back in operation on 31/05/2022. Issues with the UF cleaning lagld transmembrane
pressurewere alsarecorded,and these have not been fullplsed.

The AnMBR was seeded on08/06/2022 to guarantee fresh active biomass in the reactor
and also to ensure that methanogenic activity could bestablished, after the issues with
septicity and long period without anyéding or recirculation.

This project hadlB OSA SR Fdzy RAy 3 FTNRY
programme under grant agreement RP6541
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The AnMBR was started again on the 13/06/2022 afterseeding with granular sludge
supplied by Waterleau from an industrial wastewater treatment plant.

From the 13/06/2022 to the 12/07/2022, the temperature of tfluent wastewater wasn
average 17.7+0%. The characterisation of the influent settled wastewateaib(e 21) shows

low concentrations of COD (171 mg/L) and sCOD (91 mg/L), a BOD/COD ratio of @26 and
COD/S@ratio of 1.39, which may hinder the conversion of organic matter into methane, due

to low availability of biodegradable substratBilphates reduction remained a conceais this
biological induced reaction uses available carbon (i.e.: SCOD, that was already present in low
concentrations), reducing its availability for biogas production.

Table21. Characterization of the influent settled wastewater, fed to the UASB reactor.

Temperature | pH i Conductivity

°C mg/L | mg/L mg/L mg/L mg/L mS/cm
Average 17 7 8.08 171 91 45 46 40 957
Standard 0.53
deviation

NH-N Total PQ COD:S0O4 Alkalinity | Volatile

fatty acids
CaCOS/L

Average | 23.7 3.0 1.9 124 1.39 308 100
Standard | 2.1 0.5 0.2 9 0.25 14 16

deviation

The data presented iRigurell shows the pollutant removals in the AnMBR from 13/06/2022

to 12/07/2022, which can be considered the stap period, of special relevance for the
biological reactor. During this period themovals wereon average 60% COD, 76% BOD and
71% TS3{gurell). The methane content in the biogas incredseeadily, reaching values of

60% and a production of 63 L/Rigurel2and Table22). The AnMBRsstill going through the
start-up phase in day 12/07/2022 Stable operation (i.e., after stanp) isdefinedwhen the

COD removal is above 80% and methane concentratioreibitigas is 70%. An odd value that

is also being investigated is the TSS removal, which is expected to be 100% after the UF. A
potential explanation is the solids accumulation in #ngosamplersand frequent cleaning

has been advised together witrab samples to verify the data. Expected removals in the
AnMBR once the issues have been solved and stable operation is reach are in the order of BOD
>80%, COD>90% and TSS of 100%.
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Figurell. Pollutant remw@al in the AnMBRetween JurJuly 2022, corresponding to the stait period.

Table22. Averaged pollutant removals and their standard deviation betweerulyn2022, corresponding to the stai
period.

COD

soluble COD

BOD TSS SO4

Average removals (%) and | 60+6 4146 7615 71+8 18+4
standard deviation
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Figurel2. Biogas/methane content in the AnMBR betweendug 2022, corresponding to the stai period.

Solids management in the AnMBR is of witadortance, as these must be retained in the UASB

reactor for as long as possible to go through hydrolysis followed by the 3 other stages of
anaerobic digestion and ultimately result in biogas production. Further, the solids should not
find their way to tke UF to avoid fouling issues. The total solids concentration in the UASB is
being carefully monitoredTable28) to help inform the reactostability but also when the
reactor needs to be desluddeSofar, the UASB has not yet been desludgerhich is one of

the keyadvantages of the systedue to thevery low sludge production.

This project hadlB OSA SR Fdzy RAy 3 FTNRY
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Figurel3. Total solids concentratioin the UASB reactéor monitoring the sludge blanket.

The AnMBR operational efficienaghieved in this studwas comparable to previous studies
with variable influent municipal wastewater values for COD of2239 mdL and TSS of 45
479 mdL (Martin Garcia etl., 2013; Shin al., 2014) The removal rates achieved for the
COD and BQiwerestill lower when comparetb Wang et al. (2018which obtained 83 £ 7%
and 90 = 6%, respdutly, but similar values are expected once the AnNMBR reaches stable
operation According toRiberaPi etal. (2020)a granular sludge inoculated AnMBR also
achieved an sCOD removal of 43 + 15%o¢ similar to this stud@ a N Bedzmiowal
efficiency of a selforming hollow fibre dynamic membrane, analysedil etal. (2019)was

only around 42% and 34% for TSS and VSSimharreactorsdesign of this studio previous
studies emphasisethe validity of the results and worlperformed The operational
temperaturerange was also similar to previous studi€souveia etl. (2015pperatedat 18

+ 2C andwang etal. (2018)at 16.3 + 3.7C.

Regardless of the high COD influent in the systems, the methane vyield reported was
considered average. This was mainly becaussolids could escape the system and hydrolysis
was maximised during operation, which in tiensuredmethane yieldsvere high.In a study

by (Gouveia etl., 2015)a municipal wastewater fed and pilstale AnMBRhich operated

at a similar temperature of 18 and a lower COD of -225 mg/L produced a methane yield

of around 0.160.31 L Cklg COD removed, which is compamhb this study. Similarly, two
additionalAnMBR from the study byRiberaPi etal. (2020)pperating ata lower temperature

of 9.7 + 2.4C, had methane yields of18-0.20 L Cidg COD removed.

3.1.8. Comparson of baseline situation antNextGen
KPIs

The existing Spernal WWTW®Ras the basdine case to which the NextGen Spernal
demonstratorswere compared
The basbkne case Table23):

programme under grant agreement RP6541
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The Spernal WWTP is a medium sized piaating an average daily flow of 27 ML/d to a 10

mg BODI/L, 25 mg TSS/I-1® mg NH4/L and 2 mg P/L standard. The plant includes a
preliminary treament (6 mm screening and grit removal), conventional primary settlement
tanks with iron dosing for P removal, secondary treatment comprising trickling filters for 33%
and activated sludge f@6% of the flowand tertiary sand filters.

Effluent from theplant hasCOD of 44.6 + 11.5 mg/L, BOD of 3.6 £ 2.7 fi@6 of 9.8 + 6.8
mg/L, a total nitrogen (TN) content of 34.5 £ 5.18 mg/L, and a total phosphorous (TP) of 1.18
+ 0.3 mg/LMicroorganisnmconcentrations in thenfluent and effluentare not shownandnot
regularly measured. The overall quality of both influent and effluent is better during the
winter period.

Around 14.62 ton/day (1.061 kg VS¥ah) of sludge fromthe primary settlement tanks is
treated by anaerobic digestion process. It produces atk®1156 n¥/day of biogas which
contairs40.2-63.7% methane (average 53.6%). The total methane gas production ranges from
216.4999.9 n¥CH4/kg VS (average 507.25@H4/kg VS). Dewatered slud@e297 ton/day

is reused for farmlands and industries.

Table23. Base case Spernal WWTP flow rated standard influent and effluent parameters

Parameter Units Mean value | Standard Measurement Summer | Standard | Winter Standard | Considered
deviation frequency INEEY] deviation mean deviation | years for the
value value analysis

Influent = Flowrate m3h 1267 Daily 1114 344 1422 484 2018

Effluent = Flowrate m3h 1097 324.7 Daily 921.4 195.8 128 330.7 2018

Influent COD mg Q/L 861.2 520.8 Twice per month 947.7 604.5 759 405.1 2018

St;é?r?m BOR mg Q/L 276.1 172.3 Twice per month 322.7 192.8 221.1 132.3 2018

WWTP 155 mg/L 515.2 3006  Twice permonth  536.9 3583 | 489.6 2289 2018

TN mg N/L 32.6 7.1 twice per month 34.7 4.3 30 9 2018

NH4N mg N/L 31.0 8.2 Twice per month 34.2 4.6 27.2 10.0 2018

TP mg P/L 7.5 3.3 Twice per month 8.46 3.5 6.3 2.9 2018

Effluent COD mg Q/L 44.6 11.5 Twice per month 43.69 11.1 45.7 12.4 2018
from the
Spernal

WWTP BOR mg Q/L 3.6 2.7 Twice pemonth 4.2 2.7 2.9 2.6 2018

TSS mg/L 9.8 6.9 Twice per month 7.2 3.6 12.8 8.6 2018

TN mg N/L 34.5 5.2 Twice per month 34.1 5.6 35.0 4.9 2018

NH4N mg N/L 2.4 11 Twice per month 2.0 1.0 2.8 1.1 2018

TP mg P /L 1.2 0.3 Twice per month 1.2 0.3 1.1 0.3 2018

The effluent fromthe Spernal badie case iharacterisedn Table24, and compared with

the effluent from the combinedNextGentechnologies testedsuch aghe effluent from the

IEX systenfdetailsabout the IEX technology are providedDi.5SNew approachesrad best
practices closing the materials cycle in the water sesfmecifically for nutrient recovery
technologies) The effluent quality from NextGen has a significantly higher quality and lower
pollutant concentrations, (specially nutrients) comparedhibiase casel@ble 23.
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Table24. Effluent qualityg potential water for reuse produced in the base case dtektGen

Parameter Units Standard
Mean value deviation Measurement fequency
Base case Flowrate m3h 1267 447 Daily
Influent
Base case Flowrate m3h 1097 324.7 Daily
Effluent
Effluent from COD mg Q/L 44.6 115 Twice per month
thi:/\/?/tl)_?_gal BODR mg Q/L 3.6 2.7 Twice per month
TSS mg/L 9.8 6.9 Twice per month
TN mg N/L 345 5.2 Twice per month
NH4N mg N/L 2.4 1.1 Twice per month
TP mg P /L 1.2 0.3 Twice per month
E.coli CFU/100 Not routinely measured
mL
Total CFU/100 Not routinely measured
Coliform mL
Faecal CFU/100 Not routinely measured
Coliform mL
Legionella  CFU/L Not routinely measured
spp.
Intestinal = egg/10L Not routinely measured
Nematodes
Effluent from COD mg Q/L <70 19 Daily
NextGen BODB mg Q/L <3 10 Daily
(after all TSS mg/L <1 Daily
processes :
including IEX) ™ mg N/L <1 Da!Iy
NH4N mg N/L <2 Daily
TP mg P /L <1 Daily
E.coli CFU/100 Still being Monthly
mL determined but
<3350
Total CFU/100 Still being Monthly
Coliform mL determined but
<8700
Faecal CFU/100 Still being Monthly
Coliform mL determined but
<4600
Legionella CFU/L Not determined
spp.
Intestinal = egg/10L Not determined
Nematodes

3.1.9. Lessons learned

Required competence cow I ..
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LOW HIGH

1 Which knowledge is required to operate the plant?

o UASB: Biological processes (aerobic effluent treatment processes and
anaerobic sludge treatment processes) are widely used and understood by
utilities. Operation of the UASHBffers slightly from operatio of widely used
activated sludge plants and anaerobic digesters.

o MBR: UF membranes are a complex piece of equipment, however, operat
largely automated and water utilities are familiar with operating the e.g.
aerobic MBRs.

1 What kind of training is neessary?

o UASB: Key operational set pointgp flow velocity, sludgelanket levels

o UASB: Key performance metridsiogas yields, sulphide level

o MBR: Principles of operatiore.g. membrane flux rate

o0 MBR: Cleaning requirementscour, back pulse and chéral

Maintenance LO HIGH

il

LO HIGH

A Frequency of plant maintenance per month or per year
o UASB: Monthly
o MBR:Regular (weekly) chemical cleans (as per design, might not be
needed, but installed by commercial company)
A Duration of a normal maintenance procedure
o UASB: 1 day/month
o MBR: 2h/week
A Duration of active process control per day (manual process control, Ls#ereevents
o UASB: 2h/day
o MBR: 1h/day
A Are external experts required to conduct the maintenance procedure?

0o UASB: No
o MBR: M
Technological risks Lo I ..
Low /IR -

1 Reasons for downtimes or technical risks
o0 UASBSepticityg sulphate reducindpacteria affecting biogas yield and
causing elevated H2S concentration in efflueméseed required
o UASBMechanical failures (compressor)
o UASBBIockage of inlet feed

This project hadl B OSA SR Fdzy RAy3 FNBY (GKS 9dzNRLISI Yy
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0 MBR: Membrane leak
1 Frequency of plant downtimes per year
o0 UASB: 3 issuas 1 yearg septicity of the influent, blockage and mechanic
failure of compressor
0 MBR: lissue
9 Duration of plant downtimes
0o UASB: 3 months
0o MBR: 3 months
1 Are external experts required to restart the plant?
0 UASB: Yes
o MBR: No
1 Which measuresan avoid such downtimes?
o UASB: Routine maintenance, better management of inlet conditions
0 MBR: Membrane leak was a manufacturing or commissioning issue

3.1.10Best practice guidelines for operating the

technology
- What is important to consider during treonstruction of the plant?
- Working with commercial suppliersvas favourable but integrating the
different technologies aa single flowsheetwaschallenging.
- Health andsafetyconsiderationglealing with biogas and-8
- What is crucial for the statip ofthe plant?
- Having a fresh influent
- Understandng sulphate fate
- Having nitrogen gas available to sparge the membrane whilst biogas
productionis ramping up
- Which parameters are crucial for tlogtimisation of the production process?
- Having a fresh influent
- Organic loads and hydraulic retention time
- Solids management
- Membrane flux, sparging and cleaning routines
- Which ranges for the crucial parameters delivered the best removal and production
results?
- Influent feed with a positive (i.e., > 0mV) oxidation reduction potential and no
presence of sulphide, UASB operation with COD loading rates >0.4 kg
COD/ni.day.

programme under grant agreement RP6541
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3.2. Membrane bioreactor(MBR)in Athens (GR)

Authors: Klio Monokrousou(NTUA), Bristos MakropoulogNTUA), drgosKatsouras
(EYDAP),ikblaos TsalaEYDAP),ikbs Taze§CHEMITEC)pHKstantinos Tsimnadis
(Municipality of Athen}

3.2.1. Description of the demo site

Athens is a city of 4 million citizenghich is experiencinggreat urbanisation andhe
emergence ofwater scarcity issues. The Athens demo application is located in an area called
Athens Plant Nursery, which is part of the Goudi Park, anwardargoingedevelopment and
regeneration to become one of the keyetropolitanparks of the capital. Thaixedusearea

in the heart of Athens, compes urban green and urban agriculture spaces as well as
administration and residential uses. The regeneration is #orteto boost both the local
economy and improve quality of life for the citizens of the Attica Region.

The Plant Nursery belongs to the Municipality of Athens and covers an area of approximately
96 acres (or 0.39 kfjy 40 acres (0.16 kinof which are sed in the production, development

and maintenance of the plantahile the rest are used for general purposesich as
administration building and offices of the Municipality of Athens. Tibeserysupplies all
urban parks and green spaces of Athens wpithnt material and uses potable water from

l 6KSyaQa 21 GSN) {dzllLJ e FtyR {S6SNIF3IS /2YLIye
nursery is the staging area for all of the pruning waste from all of Atehan green spaces.

The green waste is not treadl, only stored on sitePart of the green waste isventually
transferred to the Athens landfill. At the same time, therseryuses fertilizers supplied by

the local market. With regards to energy needs, thesery use®lectrical energy from the
urban network andpetrol oil for heating. Athens isseekng alternative water sources to
achieve environmental, social and financial benefits to address the water scarcity matters
through autonomous and decentralised water systems.

3.2.2. Motivation for implementing circular economy
solutions in the water sector

The summers in Athens are hot and dry. Recent studies shnwmcreasing tendency towards
drier conditions, with increased variability of extreme rainfall events. Overall precipitation is
expected to decrease as longer dry spells and reduced rainfall intensitpden observed.
Temperatures are projected to increase in the Athens ane¢he order of6.5-7°C by 2100
according to thevorst climate change scenarmased orthe selected regional climate model
developed inthe Regional Adapt#gon Action Plarfor Clmate Changef Attica (RePACC of
Attica, 2020) According to the estimations this repot, particularlyimportant is also the
projected increase in the average annual number of days with temperatures Xg§bt€ 15

19 days for the near fute by 2050 and over 225 daysy 2100 in the urban areas of Attica
With the longer, hotterdrier summers, green areas are more important than éeereduce

the urban heat island effect. Lush green parks also create a positive environment for both the
citizens and the local wildlife. Access to blue green urban spagetaining both urban green
vegetation and water bodie$as positive effects on the mental and physical health of urban

programme under grant agreement 6541
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citizens. The green spaces also help provide homes for wildlife. However, green areas require
both water and nutrients to remain healthy and vibrant. Athens cnotise lacks adequate
nutrient-rich soil, and the reduced rainfall and drier conditions mean more irrigaigon
necessaryo keep green areas lush.

This situation has led to an increased interest to explore alternative solutions to reduce waste

and resourcedza  3S® ¢ KS R2YAY!I yniakedSEieA 2 ldNA ST WK,
assumes that resources are abundaatailable,and competitive to dispose pheeds to be

elimnated YR WOANXDdzf F NJ SO02y2Y@Q LINRARYyOALX Sa I yR
embraced.

It is therefore essential to design a new circular water management strategy that camsider
the different elements in the water cycle and maximises their efficient usage. Within the
context of the urban water cycle, the concept of water reuse and avoidiegcbstly and
energy intensive transportation of treated water from centralised treatment plants,
configurations of flexibility and autonomy of water resource in urban environments have
become more attractive.

A technology that can combine flexible andcdatralised wastewater treatment as well as
advanced treatment technologies is calleglwer mining({SM). SM technology was originally
pioneered in Australia in 2006 and was first tested successfully in Gre@ceFP7 project
called Dessin in 2015.

Inthe NextGemproject, further and more holistilmvestigation othe larger scale sewer mining
hybridmembrane bioreactor/ultraviolet disinfectioMBR/UVf system and its applicability in

a reaklworld urban environmentwas undertaken. \&stewaterwas actually extracted from

local sewers, treated at the point of demand and reused for irrigation in wsttesssed green
areas. Thus, after implementation and testing of this technology, results prove the high quality
and stabilityof the effluent water. Furthenore, this solution is in line with the Athens
Resilient Strategy for a circular approach to water services by 2030.

The main benefits of the SM technology aasfollows:

requires limited space (small footprint)

reduces waste and increasasgailability of resource

saves energyas water is reused at the point of demand

provesto be an autonomousjecentralsed resource recovery system
transforms treated wastewater (a waste) into supply (a resource)
is suitable for real worlddense urba environments

< <K <K<K KL

3.2.3. Actions and CS objectives

Table25. Actions and objectives of the Athens case study.

NextGen
Case intervention in
Study Subtasks Technology circular Capacity Il
number & baseline target
economy for
name
water sector
#8 SubTask 1.2.4| Sewemining Test and TRL 6 | Water Reclaimed
Athens, modularunit optimise a b y | produced | waterfor
(GR) (MBRUV flexible and 25 n/d urban green
Location: disinfection) decentralised irrigation and

programme under grant agreement RP6541
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wastewater other non
Athens treatment potable uses
Plant system that at the point of
Nursery produces demand.

irrigation water
from sewage
wastewater
locally at the
point of
demand.

3.2.4. Unique selling points

The implemented solutions work to replace existing value chains (drinking watéerifider)
with upcycled waste chains (green waste, wastewater, and sludge) to create a circular and
sustainable solution for Athe@green spaces.
Unigue selling points for the implementation of a sewer mining unit are:
V Removal rates of COD and TSS are higher than 90%, suggesting that MBR is a very safe

technologydue to the verysatisfactory operationastability and the high performance
it provides.

V  High quality vater produced meets all national and international criteria for unrestricted
irrigation and urban use.

V The treatment process achieves complete elimination of organisaraand significant
reduction of pathogenst¢tal coliform & E.coli) due to MBR filtration procesaithout
addition of chemicalsvhich avoidgroduction of secondary pollutants.

V Transmembrane pressure (TMP) remains steady at low values, proving that the
combination of backflushing with maintenance cleaning is very effective.

V UV disinfection unit showed great performance in the treatment process.

As general benefits and selling points
V  The citizens of Athens shall benefit from greener parks and spaces.

V Bluegreen spaces have a positive effect on human health and wellbeing.

V Green areas have positive effects on climate change resiliency and help reduce urban
island effects, making thglant nurseryand similar green areas increasingly important
in urban planning.

V  Circular solutions that produce valuable resources from waste help promote a shift in
LIS2 L)X SQa YAyRaSia NBIFNRAYy3I GKS ySSR FT2N |

3.2.5. Principal characteristicsfahe technology
Thecity of Athens operates plant nurserywhich supplies all of the plants for the urban parks
and green spaces in Athendntil NextGenthey had been irrigating theurserywith potable
water, brought in by EYDAP from literally the ettside of the country (more than 2306n
away) at great cost.

To address this matter, a modular sewer mining unit as an innovative water reuse $ystem
been installedIn fact, thesewer nining technology is a wastewater treatment station.

programme under grant agreement 6541
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The main pnciple behind this technology is that wastewater is extracted from local sewers,
is treated directly on site and is reused locally at the point of demand or is stock reserved for
when it is neededKigurel4). The treatment residuals could go back to the sewer network to
be treated by a regular wastewater treatment plant or could be collected (like in the specific
case) to treat them locallpn site and when merged with green waste from pruning,
transform theminto an ecofriendly fertilizer (compost).

Wastewater Treatment unit Clean water but
from sewers In a container not drinkable

1. Membrane
bioreactor
2. UV treatment

Figurel4. Overview of the Sewer Miniregncept

In this respect, the Athens case focuses on producing abomt3&ay of recycled water from
wastewater for urban green irrigation and potentially other Rpotable uses.

Thus, a circulagecentralisedand innovative pilot system has been designed, implemented,
tested and optimised with regard to water reuse schernmearban environments with water
scarcity issues. As illustratedkigurel4, wastewater is mined from local sewers, through a
small, prefabricategppumping station then stored in a buffer tank and sent for treatment in
the containerto be reused for irrigation purposes at the point of demand. The mobile
container treatment unit consists of a membrane bioreactor unit (MBR) along with a UV
disinfectionunit.

buffer tank

6 storage tanks
2 X
small pumping station )
L container MBR — |
1 - 3 ‘\H&P
excess
tank 4 sludge
‘ i evacuation Lirrigation
green sludge uife h
L = (waste pretreat 8 - thickener 9 e e arge1
ment g
(’m‘)" Il biopolus LJ .::::::?,:n
return to the \waste~ >
sewerage network

sewer pipeline
Figurel5. Flow scheme of the water and material recovery.

The hybrid MBR/UV unibperation was commenceth April 2021. More specifically, the

programme under grant agreement RF6541
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sewage is extracteffom ~4 meters below the surface usitbgo pumps workng alternately

to fill a buffer tank. Subsequently, the sewer mining unit is fed with wastewater through a
submersible pump installed inside the buffer tank. The raw sewage from the buffer tank is
tranderred and screened while flowing through a continuously rotating-cdekning screen
filter, and its flow is constantly measured with an electromagnetic flowmeter. The screenings
(fine particulates) that are brushed awaye disposed oih a screeningsib or included in the
compost produced later in the process.

- o ; LA -
Figurel6.Overview of thesewermining unit and the control room installed in threursery

The screened sewage tesmporarily stored in a buffer tank of filtered wastwater whichis
attached toa denitrification tank through a bottom window. Inside the denitrification tank,
anaerobic microorganisms turn nitrates to nitrogen gakich naturally leaves the system. A
mixer in the denitrification tank helphomogenise the mixture and keep the microorganisms
suspendedand continuous contact with it. The denitrification tamk connected tothe
nitrification or aeration tank through bottom window.

An extra tank whichcan function as a second nitrification or denitrification tadkpending
2y (KS aeé zalbdeXsisat cghd&ScBrinectey turning on or off the air flow through
the aeration tank air inlet pipe.

Subsequentl, the biologically treated wastewater is transferred to the membrane tank.
Membrane modules produce about 3fn of permeate wateymeaningthe remaining 4 rith
overflows through the tan® top window to the deoxygenation tanloperating under
anaerobic onditions before the mixture enters the denitrification tank once again through a
bottom window.

programme under grant agreement RP6541
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Figurel8. View of thenterior of the container of the local control room.

Part ofthe excess sludge produced is transferred to the thickening, taftér whichit flows to

the dewatering bag filters to be thickened and used for the compost product.

The permeate overflowspasses through the UV disinfection unéand the final disinfected
product flows naturallynto the irrigation storage tank.

The whole process is monitored through specific sensors (tank level, pH mvdbeesl, Liquor
Suspended SolidSS); Mixed Liquor Sysended SolidsMLS$ sensors, dissolved oxygen
probes, etc.) and is automated using pneumatic actuated valves controlled by a PLC unit
(Figurel9). Anexternal overview of the sewer mining unit (on the right) and the control room
(on the left) are illustrated ifrigurel7 and Figurel8.

Additionally, a series of laboratory analyses prodifierther evaluation of the performance

of the unit andwere used forcrossvalidatingthe sensor measurements. The laboratory
analysesoccurredtwice a weekduring startup and then a weekly monitoring plan was
implemented to regularly collect and analyasseries of raw and treated wastewater samples.
Those measurements includechemical oxygen demand (COD), mixed liquor suspended
solids (MLSS), biochemical oxygen demand £B@ddal phosphorus (TP), total nitrogen (TN),
ammoniaal nitrogen (NH-N), nitrae nitrogen (N@-N), total coliforms (TC), faecal coliforms

This project hadlB OSA SR Fdzy RAy3 FNBY (GKS 9dzNRPLISIY | yA?Z2
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(FC) andEscherichia colEC)Analyses were conductextcording tahe sandardmethods of
the American Public Health Association.

The monitoring process consists of sampling from 6 distinattpaf the pilot unit. Weekly
composite samples of the raw sewafjikered inlet, membrane tank, denitrification tank,
permeate tank and after UV disinfectiomere collected The parameters monitored were
COD, BOH TP, TNNHNH4N, NQ-N, TC,FC,pH, conductivity, dissolved oxygen and
transmembrane pressure (TMP). All analysese conducted according to standard methods
(APHA etl., 2012)

Figure20. Online sensors overview.

3.2.6. Technology implementation requirements

Regarding the pumping station, sewage is extracted through two pumps that work alternately,
which avoids theiconstant operation and increasdhelife expectancy of the pumps.

To reach high performance in the treatment process, a constant dissolved mxyge
concentration of 23 mg/L is maintainednside the nitrification tankthis is achievedy
supplying air throughhe diffusersof the blowerto the aeration tank. A dissolved oxygen

meter contros 1 KS 0f 26 SNBEQ AN Ff2¢ 2 drive Jihe airdiawhA y 3 |
pressure and temperature of the second (de)nitrification tank are monitored constémtly

ensure the operational stability of the system.

programme under grant agreement RF6541
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Afterwards,biological treatment of wastewatds performed,and the effluent igransferred

in themembrane tankwherea constant flowrate of 5 8/h should be maintained. Membrane
modules should produce about 13 of permeate water so the remaining 43 overflows

to the deoxygenation tank before the mixture enters the denitrification tank agarfoAthe
excess sludge that is produced and transferred to the thickening tank, the MLSS should be
kept constant between P00 and 1300 mg/L with daily removal of excess sludiderefore

MLSS isonstantly measured online. The permeate produtgdhe membranes is pumped

into the backflush tank to be used during the backflush sequence. During this sequence, 1.4
m3 of permeate is pumped inversely from the backflush tank through the inside of the
membranes to clean their surface and dissolve the cake kg is formed.

The ultrafiltration membranes achieve a better filtration of the biologically treated
wastewater, removing all suspended solids, collpiaiscteria and viruses. Additionally, a
chemically enhanced backflush sequence occurs once per day.

Table26. Required specifications for influent water quality of the MBR in the Athens case study.

Parameter Units Min Max Average Reference

COD mg O2/L 330 490 410 Chon etal., 2012; Dialynas &
BOD5 mg O2/L 140 210 202 Diamadopoulos, 2009; Plevri
TSS mg/L 150 220 183 etal., 2016; Yang &tl., 2009
Total N mg/L 124 200 164

Total P mg/L 9.6 10.9 10.3

3.2.7. Results obtained
The pilot unit has beenperationalsince April 2021 and here we present the results for 12
months (07/05/2021 to 18/05/2022). The capacity of the unit vgas$ to 25 ni of treated
wastewater per day.
The unit has the innovative advantageasfautomatedICT system witpneumatic actuated
valves controlled by a PLC ynvhich allows continuous control and monitoring of teewer
mining unitby uploading dat&o an online system. The quality of the process and the effluent
is controlled by a series of online sensors installed at several key points of theviicit
provide perpetual information about the integrity of the operatiocBnductivity metersvere
installed in the inlet and permeate tank, pH sensors in the membrane tank, a turbidity sensor
in the permeate tank, an MLSS sensor in the membrane tank, a DO sersoagration tank
and finally a nitrate and ammonium sensor in both the anoxic and aeration tanks.
The unit started its full operation in milpril 2021. The performance of the unit and pumping
station has shown great stability. The hybrid MBR/UV had ra-ataperiod of approximately
5-6 weeks.Figure21 illustrates the stadup period along with the period of steady state
conditions for COD concentiahs and removal rate. It is evident that even during stap,
the removal rates are higher than 90%hich shows that the MBR technology is a very safe
technology to use due to the great stability it provides. The avenaiigent COD (inlet) was
443 £168 mg/l while the averageffluent COD (outletwaslow 24.2 + 4.1 mg/ldue to the
very high removal averaging around-98%.
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The average influent B@MDnlet) was 202 £73 mg/l while the average effluent BQibtlet)
had concentrations 8.6 + 2.4 mgHkigure22), lower than 10 mg/l for 80% of the samples

(Table27).
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Figure22. Inlet & outlet BOD5 concentration and removal rate during the starand steady state periods.

The first euwdence of nitrification appeared at around week 5 (sampling NowHgn a sharp
increase in the effluent nitrate concentrations from near detection limit to higher than 15 mg/I
was observedwhich coincided with sharp decreases in ammonia concentratibiggai{e23).
Figure23illustrates the concentrations of the NHN of the inlet and the outletThe average
influent ammonium (inlet) was 51 +10 mg/l while the averagfluent ammonium (outlet)
was0.2 £ 0.19 mg/lwhich isunder the limit value of 2 mg/l set in the Greek legislation for
urban reuse and/or groundwater recharge.
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Also, the nitrification started after week 5 whenthe effluent ammoniacal nitrogen
concentrations started reaching zero. After the stapt, a monitoring plan was implemented
to regularly collect and analyse a series of raw and treated wastewater saniplesntire

MBR/UV opeation showed great stability in terms of constant operation as well as effluent
water quality.
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Figure23. Inlet and outleemmoniumconcentration and removal rate during the stai and steady state periods.

Figure24 presents the TSS of the inlet and outlebdthe MLSS concentration inside the MBR
tank as well as the online measurements of the instgllexbe. The averagefluent TSS (inlet)
was 147 mg/l while the averagdfluent TSS (outletyvasunder the limit value of 2 mg/l for
80% of samplesin accordance with theaforementioned Greek legislation. The analyses
showed effluent TSS concentrations aehed zero, and theinstalled probe provide data
whichfit with the laboratory measurements. There are two operational peridds startup
period and thesteady stateperiod. The steady state is defined as the period with constant
MLSS concentration,esidy removal ratesand initiation of nitrification.

The steadiness of the qualitative values (i.e. TSS, COD, Biality) in the permeate flow
during the operational period prad that the backflushing mode and the maintenance
cleaning were very sucssful in maintaining the integrity of the membrane.

As illustrated inFigure24, it is evident that the unit operated at values of MLSS over 8000
mg/L with adequate stability. Cross validation with the lab measurements revealed that the
sensors provide reliable data. The accurate sensor measurements are notewpahyhey
allow remote control of the uniivhichprovidessafetymeasures such agarm conditions and

¢ if needed- ultimately to unit shutdown when key valuexceedthe programmed upper
threshold.
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Figure24. Inlet and outlet TSS concentration and MBR performance in terms of TSS removal.

Turbidity throughout the examination period (lab analyses and online data from the sensor)
showed thatmostvalueswere below 2 NTUwith the average value around 0 NTU.
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Figure25. Inlet and outlet TN concentration.
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Total nitrogen (TN) and totalphosphorus(TP) influent and effluent concentrationsere
monitored during the experimental period to evaluate the removal of nutrieffiseaverage
influent TN (inlet) was 118 £ 73 mg/l while the averafguent TN (outlet\iwas5.5 + 1.4 mg/l
which isunder the limit value of 15 mg/l in accordance with the Greek legislafayu(e25).
Table 27 summarizes the aggregated results for the quality characteristics ohyteid

MBR/UV effluent of the expeariental system along with the limit valuethe Greek National

legislation regarding wastewater reuse for unrestricted irrigation and urban use (JMD

145116/2011).
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Table27. Performance of the Hybrid MBR/UV pilot system (conceatratin mg/L, TC, FC, EC in cfu/100 mL, turbidity in
be¢! T /2yRdzOGAGAGE Ay >{kOY0LOD

Parameters | Influent! Effluent after UV Legislationlimits?
disinfection
TSS 147 (averagge HQ for 80%of samples X W T2NI ye:
X mn F2N y ks
BODR 202+ 73 8.6 2.4 X mn F2NJ y s
X Mo F2NJ yT1is
COD 443 + 168 242 + 4.8 -
TN 118 + 73 5.5+1.43 X thp
NH:-N 51 +1C° 0.2+0.19% X 4B
TP 17.8 (average) 1.57 (average) -
Turbidity - 0 (median) K H OYSRALF YD
Conductivity | 10681068+ 763 667 + 50° -
pH 6.9+0.2 7+0.3 -
TC > 106 X HN Tobshdips:: XK H T2 NJ y B
X Hn F2NI ppz
FC > 106 1.5 (average) -
EC > 108 X p T 2oNdarmgpteshn™z XX p FT2NJ y g

X pn F2NI pp’:
1 Refer to filtered wastewater refer to Greek legislation regarding wastewater redsint Ministerial Decision
354/8-3-2011); % average + standard deviatioft;refer to the limit values set in the Greek legislation for
wastewater reuse for unrestricted irrigation and/or industrial reusesfer to the limit values set in the Greek
legislation for urban reuse and/or groundwaterctearge;® refer to the limit value set in the Greek legislation
for every type of reuse for WWTPs with a population equivalent greater than 100,000.

MBR membranes achieved a significant decrease of microorganism concentration, varying
from 4 to 8 log ung, mainly through size exclusion. The parameters that were selected as
representative indicators and thus were regularly monitored in the MBR permeate and UV
effluent, weretotal and fecal coliforms (TC and F@jpd E.coli(EC). These parameters were
chosenbecause they are characteristic indicators for the existence of other microorganisms.
More specifically, a decreased concentration of coliforms in general reveals absence of other
microorganismsand fecal coliforms have additionally been correlated with existence of

fresh fecal matter, while the decrease Bfcoliis related to virus absencé&. coliafter UV
disinfection ha an average value of 2.42 cfu/10Qmilhich waselow the limit of 5cfu/100ml

for 97.4% of all the samplethe limit that isset in the Greek legislation for wastewater reuse

for unrestricted irrigation and/or industrial reuse Tdble 27,
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Total Coliform
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Figure26). FCafter UV disinfection were below the limit of detection of the analytical method
(3 cfu/100ml) which, together witlthe E.coli concentratiors, indicates that the membrane
remained intact during the operational perio@he TC content of MBR effluent was rather
low, with values range below 200 cfu/100 mL with few exceptions (
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Figure26. MBR effluent and UV disinfection for Total Coliform and E. coli.

The aforementioned resulre evidence that UV disinfection upierforms welland the dose
of 60 I/min is enough to remove all pathogens and produce safe water for any kind of reuse
as it meets even the strictest criteria.

In conclusion, except for the stamp period of 56 weeks, theoveralloperation of the system
shows great stability. The combination of the aeration tank along with the MBR filtration was
very successful for the removal of all the biodegradable COD. Its automation sitatale
operate autonomously without t& need for daily monitoring.

3.2.8. Comparison of baseline situation andextGen
KPIs

Before the implementation oNextGenin the baseline scenario, thunicipalityof Athens
had been irrigating thenurserywith potable water, brought in by EYDAP from more than
250Km away at great cost.
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The results oNextGerproject lead to the conclusion that the installed MBR/ pilot unit can
produce water of excellent quality in line with the standards specified in the Greek National
legislation regarding wastewater reut& unrestricted irrigation and urban reuse.

In addition, the experimental results support the conclusion that the application of sewer
mining practice through the implementation of an -site compact treatment system
(consisting of gre-treatment unitfollowed by anembrane bioreactoand aUV disinfection

unit) can reliably meet all the national and international criteria set for all types ofradable
wastewater reuse at a rather moderate cqsee D2.2

Such a dual membrane scheme in the contefxh sewer mining application has proven to be

a viable solution for water reuse in combination with fresh water saving in highnised
spacelimited environments.

NextGe®2d dzy Al LINBP@GSR GKIFIG AG Aa |y | R@GFYyOSR
wastewater treatment water reuse at the point of demand. Considering that future European
regulations couldinclude more priority pollutants as well as the gradual decrease in
Environmental Quality Standards values, the importance of technologies, sudheas
MBR UV, whichcan meet those criteri@should not be overlookedThe unique value of this
particular unit is the fact that it addresses real world water scarcity issues in a dense urban
environment, by transforming treated wastewater (a waste) into dugp resource).

The key impact of the SM technology is the transition from the linear model to the circular
economy approach.

3.2.9. Lessons learned
At the case study in Athens, three differanterconnectedtechnologies were implemented.
Theinteraction of the single technical units is complex and has to be considered in the system
design. The system design, the installation, system control and automation of theicachn
units worked well and only minimal optimisation was necessary.
However,as with many other innovative processes, numerous unexpected problems also
occurred, some ofvhich were or are very timeonsuming to deal with. Therefore, it is
important to have employees who are inventigad capable of multitaskingnd technology
supgiers wgi are available for a longer time peris@ven after the commissioning of the
system.
In the following table, more details about the lessons learned are presented specifically for
the sewer mining modular unit (MBBYV disinfection).

Required cometence LOW — HIGH
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For the SM unit, the local operator needs to be trained to use the PLC system and m
specific parameters. Below there is a listled main parameters that are monitored
online both locally and remotely:

1 Levels of tanks (cm)
Dissolvedxygen(mg/L)
Flow (L/h)
Pressure (mbar)
MLSS solid membrane (mg/L)

1 Total consumption of electric energy (kWh)
A basic training is needddr the local operatorto know whichparameters and aspects
shouldbe monitored in thedaily operation However, one needs to be familiar with the
implemented technologies and the background knowledge behind the processes in ¢
to address any unexpected eventhie SM configuration wodautomatically, with alarmg
and automations that can be monitored remotely online.

= =4 =4 =

Knowledgeon how to readhe PLC parameters is necessary in order to monitor and
operate the unit both localland remotely. Furthermore, knowledge of the expected
values in the tank3evels and the quality parameters of the treatment uniteguired

Maintenance o I . ..

The chemically enhanced backflush sequence occurs once per day automatically, dy
which sodium hypochlorite and citric acid solutions are added to the backflush seque
The plant maintenance is performed once a month by checking whether these cliem
need to be added manually in the particular tanks. The normal maintenance procedu
lasts for about 1 hour.

Of course, there are certain unforeseen events that have occurred during the testing
operational period (overheating and stoppage of thetumotor, fault in an online sensor
burn of the UV lamp, etc.).

Normally there are no external experts required to conduct the maintenance procedy
however, in unexpected events there might be the need to call an electrician or a
mechanical engineer taére the matter.

Technological risks ov [ ...

The main reasons for downtimes of the umére a breakdown of the motor, an issue in
the flutter of the pumping stationanda flood event due to extreme rain.

These downtimegventsoccurabout 34 per year and normally-2 days are neededo fix
the specific problemin some situations, the issweas addressed immediately within the
same day.

Typically, the restart is performed by the local operator or the partners of the prdpect
occasionally there would be an external expert.
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In order to avoid such downtimes, regular maintenance and monigoointhe various
elements of the system is necessaty prevent suclunexpected events.

3.2.10Best practice guidelines for operating the

technology

Important aspects to consider during the design and construction of the plant

V First, a sewage netwotkat passes from a close distance from the proposed space to
install the SM unineeded to be identified Also, some technical paramessof the
manholehad to be met

o the height of the network until the ground surfabadto be acceptable
o the sewage suply according to the capacity of the SM unit
o the quality characteristics of the wastewater

V Also, a potentially available power suppiyas needed to connect the configuration
(pumping station and MBR/UV unit)

V For the construction,as the pumping stationwas prefabricated access for a
trunk/crane to transfer, unload and install the equipment into the grouwds
necessary

V The plantrequired very limited space (all equipment fit into a container) and the
pumping station as well as tHmuffer tankscouldbe installed undergroundesulting
into a small footprint.

V For the containers of the SM unit, a concreate basas required so that the
equipment issecuredsteadily in the ground.

V The plants or garden that use the reclaimed water dtidae relatively close to the SM
unit in order to reduce the energy cost during irrigation.

V Security of the units should be ensuretherefore a protected environment is
preferable.

Crucial parameters for the optimisation of the production
During the testing period of thesewer miningunit, several matters occurred that were
addressedto optimise the operation of the configurationThe key matters that were
optimised areas follows
1 To increase energy efficiency, the motor of the unit wasdified to operate
intermittently. After testing, sampling and analysssscheme that achieves optimum
performance of the MBR/UV system in terms of energy sawiag) identified 10 min
on ¢ 4 min off. Theenergysaving wereestimated to be about 15%.
1 To improve UV disinfection unitefficiency, operation inmanual mode (oroff)
extendedthe life span of the UV systecompared to operationn auto mode.

Table28the rangedor the crucial parametera/hichdelivered the best removal and
production results

Table28. Crucial operating parameters for the SM unit: rangesHerbest results regarding the reclaimed water.

Parameter Units Min Max
Sludge tank

programme under grant agreement RP6541
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Sludge level cm 150 290
Aeration tank

DO mg/L 2 5
Level cm 210 220
Denitrification tank

Level cm 210 220
Air flow pressure mbar -500 500
Membrane tank

Level cm 200 250
MLSS mg/L 7000 10500
Volumetric Flow Rate L/h 1000 1500

3.3.3. Metabolic network reactor (MNR) coupled to
a Micro-Ecological Life Support System
Alternative (MELISSPadvanced separation
systems (MF/ROIn La Trappe (NL)

Authors: Ralph LindeboonlSEMILLAPSTAR Clara Plat§SEMILLAPSTARRob Suters
(EMILLAIPSTARandIstvan KenyereBjoPOLUB

3.3.1. Description of the demo site

The La Trappe brewery artide ebbey, Ybdij Onzelieve Vrouw van Koningshoev@n ¥ 0 2 { K
located in BerkeEnschot, NooréBrabant The Netherlandkave a vision: to live in harmony

with nature. The aim for the coming decade is to deal with the different wastewaters
generated on site, as well as make as much water and nutrients as possible available for reuse.
Wastewaterpresent on site aré¢he indugrial wastewater from the brewing process as well

as the municipal wastewater from the visitor centre, the guest house, and the abbey

The brewery and the cheese factory produce about 368@lay of agreindustrial wastewater

on site. The municipal wastewext originates from the ~22 monks continuously present on
AaA0S 60Kz Ffaz2 dGFr1S aK2¢eSNERLVE GKS FF@SNX3IS dn
and the ~140 additional employees working for the brewery and on the land. In total, a
municipal flowof 1518 n¥/day is produced under nominal conditions (pad postCOVID

19).

Given the characteristics of the urine, black water and grey water sources at the abbey, the
combined municipal wastewater is expected to be somewhere between untreated damesti
sewage and concentrated black water in terms of water quality, with a relatively high
concentration of TN due to a larger urine composition than average.

This average brewery and cheese factory wastewater characteristics will be included to allow

a comprison with the domestic sewage composition in terms of nutrient recovery, especially
since the flow rate is much largat La Trappe comparing with the average indu$?40-360

m3d). Brewery wastewater is usually characterized by a highly fluctuatih¢ei2) and a
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relatively high COD of-@ g !, which to a large extent is biodegradalfleao etal., 2007;
Simateet al., 2011) Although the COD concentratiookthe case study wateare in line with
concentrated blackwater or urine, in terms of nutrients, the water is more similar to diluted
domestic sewage. Bacterial counts vary widely betweef109 CFU/ 100mL, but under
normal circumstances, pathogenic bacteria are not present in beverage production.

Table29. Overview of average brewery wastewater composi(Rao etl., 2007)

Parameter \ Value
pH 3¢12
Temperature (°C) 18¢ 40
COD (mg/L) 2000¢ 6000
BOD (mg/L) 1200¢ 3600
COD:BOD ratio 1.667
VFA (mg/L) 1000¢ 2500
Phosphates as R@Qng/L) 10¢ 50
TKN (mg/L) 25¢ 80
TS (mg/L) 5100¢ 8750
TSS (mg/L) 2901¢ 3000
TDS (mg/L) 2020¢ 5940

Cheese factory wastewater is similar to brewery wastewater, and is usually also characterized
by a very high COD:N:P ratio, although it contains relatively more TN and fats compared to
brewery wastewatefPrazeres eal., 2012; Simate el., 2011)

Many full scale anaerobic digesters are successfully operated on cheese faaldryearery
wastewater, due to their relatively suitable COD:N:P ratio and relatively low sludge production
in comparison to aerobic wastewater treatment alternatiy@@azeres eal., 2012; Simate

et al., 2011) However, these systems always require a polishing treatment to meet discharge
regulations in terms of nitrogen and phosphs.

3.3.2. Motivation for implementing circular economy

solutions in the water sector
Given the longerm goals of reducing the intake of water resources at the abbey, the
BioPOLUS metabolic network reactor (MNR) was introduced and constructed at the start of
the NextGen project. As the aim is very similar to the goals of the Micotogical Life
Support System Alternative (MELISSA) consortium, this case study therefore focuses on
finding the technological similarities between the tw®he MELISSA consortiura an
international collaboration between academia that is established by the Eureopan Space
Agency to develop closed loop regenerative life support systeémsgterm manned space
missions require a very calculated approach towards the physical humarresugrnits in
terms of water, food, air and climate control, due to the difficulty and associated costs of
sending a mass payload into spdtk MELISSA technology consists of an interconnected loop
of bioreactors that convert black water, urine and kitchen waste via a liquefying compartment
(CGI), a photoheterotrophic compartment {lI), and the nitrifying compament (C3) into food
F2N) GKS |AGNRY | dzia @Al LIK2G2L diNiapaniNBeliighe® SRA
plants compartment (C4l§{sodia etal., 2002) The astronauts themselves are considered part
of the engineered loop of bioreactors as the crew compartmer)C
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Is it technologicdl @ FSFaAofS G2 L& a9[A{{! Qa GSOK)
towards a Zero Liquid Discharge abbey and brewery? Thetéongaim is to useMELISSA
technologiesfor bottle washing, aeroponics, and aquaculture, so the potential of life support
sygem engineering will also be tested within this case study.

In practice, the MNR is a biofilm reactor in which plants provide a part of the oxygen, reducing
the energy use of the system in comparison to conventional activated sludge systems. It
consists of a serial configuration of different reactor vessels with different DO levels, includes
a nitrification-denitrification based nitrogen removal (and uptake by plants), and a chemical
phosphate removal. The effluent of the system is treated witllissolved air flotation
followed by a microfiltration unit and a Ubased disinfection. Afterwards, the water is
suitable for reuse as irrigation water and/or groundwater infiltratidfotential redundant
water may besafelydischargedo surface water.

Non Edible Parts of Higher Plants

COMPARTMENT IV
AN
Photoautotrophic [ SN
Bacteria

/' Higher Plant
Compartment

COMPARTMENT 11

Photoheterotrophic Bactena

Rhodospirillum ru"rum/

e

Minerals

Figure27. Overview ofhe Micro-Ecological Life Support System Alternative (MEL{&8g9eur eal., 2010)

The benefits of the combined MNR MELISSA (NF or RO) inspired membrane system are:
V Fit-for-purpose quality suitable for direct reuse in the factory and abbey at various
quality levels
Due tothe implementation of a multistage treatment train, the effluent after each stage could
be considered for reuse purposélsindeboom etl., 2020) As the water use at the abbey
grounds range frormon-edible plant cultivation, to bottle washing water, to potable water,
and to boiler feed water, each step offers opportunities to optimise the dimensions of post
treatment to reach the required water quality. For example, for irrigation of-adible dants,
the presence of suspended solids and nutrients is not a major concern, while for potable water
and boiler feed water, they should be avoided at all costs.
V Reducedd | LIA G £ S E LIS yridl ApérdiNg@xpensésd 'Y adDCE)
MNR removing mairflux limitations in membrane system
Since membrane surface area and operational pressure are key to reduce the total cost of
ownership for membrane filtration systems, the pollutant load in the influent stream should
be carefully analysed.
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Multiple foulants in the effluent are known to influence the performance of membrane
filtration systems. Suspended solids typically cause pore clogging, or in the case of hollow fiber
membranes, cause fiber clogging. Hardness ions can be a concern if higher recoeeries a
desired, due to the volumetric concentration factor and saturation index exceedance. Salinity
increases the required operational pressure due to its effect on the osmotic pressure. Nutrient
presence often leads to loAgrm operational concerns includin biofilm formation.
Designing a biological system to enhance the performance of membdrased filtration of
urine and grey water was proven to be effectiitendeboom etl., 2020) Therefore, ti is
anticipated that the MNR could reduce the T@OTotal Cost of Ownershigf membrane
based systems as well.

V Integrated upcyling of brine for membranebased treatment plant
Upcycling brine will give the benefit to value it (nutrient rich, soiltreatment) and will increase
the water reuse opportunity.

V Demonstrate an aesthetically pleasing and integrated water treatment reuse

concept which can be placed inside urban residexitzones

21 406861 GSNI GNBFGOGYSyld adAtt A&y Qihe Matabdli® Qb 2 K
network reactor (MNR) coupled to a MicErological Life Support System Alternative
(MELISSA) advanced separation systemgpractice it will stimulate thewillingness to
integrate it in a closer loop approach in urban residential zones.
Further reasons for implementing the membrane system include:

V Increased nutrient recovery potential through use of concentrate in the MELISSA

inspired photobioreactor

The WIVTP receiving the cheese and brewery wastewater profits from the reduced phosphate
return load. Thus, a part of iron or aluminium salts often used for a conventional chemical
removal might be saved due to the lower return load.

V Decrease effluent quality fluctuations
Theinfluent compositionof the membranegthe effluent producedby the MNR) still show
fluctuations that would reduce the opportunities to reuse the wat@ecreasing the
fluctuations and byomplementing the systemwith membranes, which are considered to be
an absolute pathogen barrier, extra water safety measure is implemented.

3.3.3. Actions and CS objectives

Table30. Actions and objectives of the case study in La Trappe.

NextGen
Case intervention in
Study Subtasks Technology circular Capacity Il
number & baseline target
economy for
name
water sector
SubTask 1.2.6| LaTrappe Metabolic MNR- | La Trappe | Metabolic
#6 Production of | brewery network reactor | plant brewery network
La Trappe| fit-for-purpose | wastewater (MNR- plant root wastewate | reactor(MNR-
water in La treatment plant | root enhanced | enhanc | r plant root
Location: | Trappe fixed bed ed treatment | enhanced
La Trappe bioreactor) + fixed plant fixed bed
Brewery MELISSA bed bioreactor) +
advanced bioreac MELISSA
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separation tor advanced

systems (UF/RQC (TRL 7 separation

or NF) to M o systems

produce fitfor- (UF/RO or NF)

purpose water to produce fit
for-purpose
water

3.3.4. Unique selling points

Uniqueselling points for the implementation of a combined MNR membrane system are:
V Fitfor-purpose quality suitable for direct reusetime factory and abbey at various

quality levels
V Reduced capex and operational expenses due to MNR removing maiimitaxions
in membrane system

V Integrated upcycling of brine
V Demonstrate an aesthetidly pleasingnd integrated water treatment reuse concept
that can be placed inside urban residential zones

Unique selling points for MNR are:
V Aesthetially pleasingV\WTP solution, housed in an enclosed structure which can be
architecturally integrated into the built environment
V  Small physical footprint
V Low energy use compared to activated sludge or membrane bioreactor systems

3.3.5. Principal characteristics of the technology

In the case study La Trappe, three differanterconnectedechnologies were implemented:
1 Metabolic network reactor

1 MELIiSSAnspired membrane systems
1 MELISSAaspired photobioreactor

In thisreport, the first twg which concernthe water recoverysystem are described The
MELIiSSAnspred photobioreactor technologis presented inD1.5New approaches and best
practices closing the materials cycle in the water sector.

Metabolic network reactor

MNR technology, developed and patented iz companyBiopolus, uses integratefixed

film activated sludge (IFAS) water treatment technology. This technology, based on the Living
Machine principle introduced by ecologist John Todd, makes use of the plesmonthat
microbial biofilm develops on the roots of aquatic plants. Figure 2 shows how such a reactor
is designed. The roots of the plants are growing inside tanks that can be submerged in the
ground. The natural roots inside the tank are supplementedhaitificial roots to maximize

area for biofilm growth.

There are several advantages in using a metabolic network reactor. MNR techhal®gy
small footprint, hashe look and feel o& botanical garderand can fit very nicely intourated
architectural environmerd It also uses approximately 30% less energy in the treatment
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process compared to traditional aerobic treatment processes. The re@Qdi@atment
efficiencycomes fromthe unique use of biolfin processesvhich arecharacterisedy a large
microbial biodiversity

MNR Reactor Array

Figure28. Pictures of the MNR at La Trappe.

MELiSSAnspiredmembrane system

In previous work, an alternative nesanitaryfive-stage treatment traiff 2 NJ 2y S @&l a i N2
was successfully developed based on years of MELISSA experience in pilot systems and at the
Concordia station in Antarctica(Lindeboom etl.,, 2020) This so-calledWater
TreatmentUnit Breadboard WTUB) successfully treated urine (1.2/d) through five
stagescrystallisation COBRremoval,ammonifiation, nitrification andelectrodialysisbefore

it was mixed with shower water (3.4d) and passed through a cerammanofiltrationand

singlepass flatsheet reversed osmosigRQ. Through smart integration, a biologicate-

treatment systemcould reduce operational expenditure for advanced membrane systems
(Lindeboom eal., 2020) This conclusion inspired the pilot castd_a Trappe.
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Figure29. Flow scheme and picture of the WTUBideboom e&l., 2020)
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Figure30. Pictures of theriginal WTUB which inspired trepplication at La Trappg@.indeboom eél., 2020)

In the end an ultrafiltration-reverse osmosisUF/RQ unit of Firmus greywater systen{s
MELISSA partneryas tested dfsite on raw brewery effluent, while a MELiS8#pired
approach was chosehrough the use of dotemnanofiltration (NF system on MNR effluent.

3.3.6. Technology implementation requirements

The flow schemef the La Trappe case stuidygiven irFigure31.

h h

MELISSA inspired advanced
membrane system

§ o

MELISSA Cll-inspired photobioreactor (open pond)

| Restaurant

Figure31. Flow scheme at La Trappe case study.

Metabolic network reactor

The MNR system at La Trappe was designed to treat the both the industrial wastewater from
the brewing process as well as the municipal wastewater ftoenvisitor centre,the guest
house and theabbey The system was designed with two treatment lines fog separate
influents to avoid contamination of the process water with human waste.
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The system was designed to treat 360 m?3 of industrial and 18 m3 of municipal wastewater per
day. The effluent goals were set to enable the reclaimed water to be useditmation or to

be released into the environment.

Effluent quantity and quality have large fluctuations due to the batch processes employed in
the brewery. To accommodate these fluctuations and to egahthe loading of the system

a new buffering tank wasuilt besides the existing one employed by the brewery. This
additional tank was equipped with pH control system to neutralize the extremely high pH
(>11) effluent from theClean in PlacéCIP process. Dosing control walsoimplemented to
supplement tlke wastewater with nutrientsas the preliminary measurements showed that
the brewery wastewatewas unbalanced in terms of C/N/P ratio (deficientitrogen and
phosphoru$, which can hinder biomass growth. For added flexibility, 4 of the 14 reactor cells
were designed so they can be operated either as aerobic or anoxic zones, based on the

influent.
Ao exigting empty
Brewery water MNR1 MNRZ MNRZ MNR4  MNRS MNRE MNR7  MNRS MNROO  tank wastransformed
treatment line AE AE  AE AE AE  AE AE AE AE into an aerated
Estimated Influent flow 360 m&d : ! g  readorforthe
o A Y capacityincrease of
------- m the brewery line.
BT
i} = 10AE  1MAE  12AE  13.AE a?r'ssozfodn Microfiltration
Blower room : : : : |‘ o |
, ; : : w T
x X > s 1 v 3 J e
Beltfiter press | Sludge tank | | Slat
iy e W‘ ration
Municipal water fj' Lt ” e J, Folyelectrolyte
treatment line dosage
1| FeCl; dosage g
MNR1  MNR2
Estimated Influent flow 18 mé/d  ARSARE. A& | Dissolved | Microfiltration

i _ air - L
g flotation -
m — ’ - Effluent
w i - water
m X Sludge tank
Blower room with aeration
Notes:

MNR1 — MNR4 were built so that they can be run as
optional anoxic reactors, should the incoming
wastewater have high levels of nitrogen. Currently, they
are running as aeraled reaclors.

The Influent flow rates have been highly variable due to
Covid19. Production at the brewery was affected and the
visitor center was temporarily closed.

Figure32. Diagram of theMNR

The technical parameters of the system were determined based on the following expected
influent parameters and discharge goals.
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Table31. Requirements and operating conditions for the metabolic network reactor.

Influent concentrations

Parameter
COD 3,080 mg/I
BOD 1,904 mg/l
NH-N 3.0 mg N/I
TN 34.5 mg N/I
TP 15.2 mg P/
TSS 252 mg/l
Typical influent wastewater 1530 °C
temperature

pH 4-12 -
Average brewery wastewater flow 320 m?/day
Maximum brewery wastewater flow 420 m?/day
Averagebrewery wastewateflow 13.3 m3hr
Maximumbrewery wastewateflow 32 m¥hr
Municipal wastewater flow (with 400 18 m3/day
visitor per day)

Averagemunicipal wastewater flow 0.75 m¥hr
Maximummunicipal wastewater flow 2.25 m¥hr

Effluent target

Denomination

Parameter
COD 125 mg/I

BOD 20 mg/l
NHs-N 1 mg N/I

TP 0.3 mg P/l

TN 10 mg N/|
TSS 2 mg/l

pH 6-9 -

Technical parameters

Design

Reactor volume; brewery 210 m?
Reactor volume municipal 30 m®
Brewery

Required average aeration capacity 550 m3/h
Maximum aeration capacity 940 m?h
Municipal

Required average aeration capacity 58 m3/h
Maximum aeration capacity 100 m?h

MELiSSAnspired membrane system

Membrane systems are designed for removing pollutants, but different pore sizes result in
different removal efficienies and flwes, the latter of which is defined agré per square
meter of membrane surface area per hour. Thé RB system was chosen as an option to
treat raw brewery effluent directly, while the NF system focused on an iategrapproach

with the MNR system.

Parameter | Units | Consideration | Reference
' UFINF/RO \ \ \ \
Saturation index To prevent scaling in
the RO, hardness
should be managed
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below Si<1
TSS mg/L No strict requirement
for UF, but should be
completely removed
for RO. For capillary
NF, should be below

50 mg/L
Pressure UF mbar Typical several
hundreds of mbar
Pressure NF bar ~5 bar
Pressure RO bar Operational pressure

is needed to counter
osmotic pressure anc
is thus dependent on
salinity/type of
membrane

3.3.7. Results obtained

Metabolic Network Reactor

To evaluate the MNRboth practical results and simulation results have been acquined
NextGen

Shortly after the starup of the system in 2019, it was discovered that some sections of the
aeration pipeline were inadequately sized arehuired enlarganent. Parallel to this the
brewery indicated that it was planning to upgrade its production and an increase in
wastewater enission was foreseen. During the summer of 20th@ aeration system was
upgraded with more powerful air blowers, a larger pipeline and an existing tank was converted
to an additional MNR reactor.

When the system was restarted after the alteratipitswas discovered that the brewery
switched to usingphosphoric acid for cleaning of the yeast tanks. This resulted in an influent
with a much highephosphorus contentwhichwas originally measured to be deficient) and
necessitatedmplementation of chemicalphosphorus removal by dosirigrric chloride.
Additionally, a recurring problem with foaming was reportadichwas not observed before

the restart of the system. It was hypothesized that it was caused by excessive amount of
protein in the wastewater, buthe causewas never confirmed. To alleviate the problems
caused by the foamingeveral types of anfioaming agents were tested, which resulted in
increased COD loading of the system.

Due to the COVID situatipthe municipal line never worked accordinggpecifications and
therefore the focus was shifted to the brewery line only. The beer production and therefore
the brewery line itself was also stopped and restarted several times during this period. Normal
operations resumed with a lower than anticipatkxad in 2021.

Unfortunately, due to the frequent restarts and changes implemented by the operator and
the brewery, the reactor never stabilizeldiring the duration oNextGerand discharge limits,

in terms of N, P, COD and TSS were regularly exceeded.

Theresultsthat were obtained in the brewery line are presentedliable32.
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Table32. Results obtained in the brewery liaelLa Trappe case study.

Discharge | Effluent

Key Influent

2T Parameters Range (mg/l) é_rlnmglltlj‘ (Rr:g/gly)e
COD 453¢ 3829 125 62¢ 427
Successfu !Efffl_u?nt Ammonium 0.08¢ 4.6 1 0.01¢8.3
ﬁg operation i:?ig:\tizrn TN 4.9¢ 47 10 4.8¢24.1
Trappe Water of use / TP 45¢26.1 0.3 1.8¢17.8
(NL) brewery aquifer TSS No Data 2 No Data
MNR recharge. Chloride 43¢ 110 60 60¢ 80
Sulphate 20¢ 103 60 62¢ 159

To show thepotential of this technology and to aide in th&e CycleCost LCQanalysisthree

flow scenarios were simulate- 150 / 300 / 450 m?3 daily quantities. The assumptarthe
influent wastewaterconcentrations was updated based on measurements conducted by
Waterboard De DommeT able33 summarizes these new assumptions

Table33. Assumptions for the concentrations of the influent wastewater characteristics.

Updated ___ Unit |

COD 3,080 3,725 mg/l
BOD 1,904 2,346 mg/l
NH-N 3.0 0.18 mgN/I
TN 34.5 46 mgN/I
TP 15.2 5.1 mgP/|
TSS 252 438 mg/l
Typical influent wastewatel 15-30 20 °C
temperature
pH 4-12 4-12 -

Based on these assumed conditions the effluent quality concentrations and operating
parameters were calculated using the SUMO wastewater simulation software. The results
are summarizeét Table34.

Table34. Comparison of different scenarios for MNR operation for the treatment of the brewery wastewater

Effluent concentrations

COD mg/l 84.3 84.8 90.1
BODR mg/l 2.5 2.4 6.5
TSS mg/l 3.1 3.9 4.2
TN mg/l 1.5 2.1 2.3
NH:-N mg/l 0.0 0.4 0.2
NO-N mg/l 0.0 0.0 0.0
TP mg/l 0.2 0.3 0.2
PO-P mg/l 0.1 0.1 0.0

This project hadlB OSA SR Fdzy RAy3 FNBY (GKS 9dzNRPLISIY | yA?Z2
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Technical parameters

Aeration requirement m¥h 756 1,169 1,439
HRT h 36 18 12
P source dosage kg P/d 4.20 12.05 11.90
N source dosage kg N/d 5.80 17.65 32.50
Sludge production (dry matter) kg/d 182.5 462.7 756.5

MELIiSSAnspired membrane systems

As the operation of the MNR faced many delays, ER@Fcombination was used to show the
potential of producingpotable water from raw brewery effluent. 5 L of effluent was sent to
the Firmus lab inFrance andusing 2membranesetups (UF and RO) from the MELISSA
community, the brewery effluent could be comvted into potable water quality.

Ultrafiltration test

The membrane used was an ultrafiltration mineral membrane with aoéuthreshold of 150

kD. The filtration area was equal to 75 cm2. The test was carried out in a "production”
configuration with he following operating conditions:

- flow: 400 L/h, i.e., liowspeed of 4 m/s,

- @2t dzyS 2F LINBPRdzOG dzaSRY o1 fAGSNR 2F gl
- working pressure: 1 bar,

- duration of the test: 280 minutes,

- volume ofpermeate produced: 2.84 litergnd

- final concentration factor by volume: 4.3.

Figure 33 shows the evolution of the permeate flow as a function of the Voltrioe
Concentration Factgthe ratio of the initial volume to the final volume in the feed tgMCF).
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Figure33. Permeag flow as a function of/CF

For an applied pressure of 1 bar, the permeation flas between 104 and 72.7 L/h.m? far
VCHanging from 1 to 4.3

Figure34 visualses theevolutionof the pressure as function of theVCFE
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Figure34.Transmembrane pressure as a function of e

The average flux measured during the tests equal to 84.9 L/h.m2 for an applied pressure
of 1 bar and a temperature between 24.8 and 25.8°C.

Table35 summarizes the analytical results obtained for the ultrafiltration test.

Table35. Analytical results of the ultrdffiation test. R initiat Initial retentate; R final Finalretentateat VCH.3; Averaged
P ¢ averaged permeate &/CH.3.

Sample | Initial solution Final Averaged | Retention | Removal
retentate final (%) (%)
permeate
Turbidity (NTU) 238 772 1.2 100 100
Conductivity (ugm) 2400 2350 2200 6.4 8.3
pH 11.5 11.2 11.4 - -
COD (mg/L) 1761 3115 1834 41 20
[Na’] (mg/L) 664 705 606 14 30
[K*] (mg/L) 20 21 21 0.0 19
[Mg?*] (mg/L) 18 63 0.0 100 100
[C&*] (mg/L) 70 195 19 90 79
[F] (mg/L) 15 13 13 2.5 34
[CI] (mg/L) 19 18 21 -17 17
[Br] (mg/L) 3.3 2.8 2.5 20 41
[NGs] (mg/L) 3.1 2.9 2.8 2.4 30
[PQ*] (mg/L) 20 77 5.5 93 79
[SQ?] (mg/L) 9.8 11 9 22 31

Following the test, the membrane was rinsed with demineralized water and its flow rate was
checked. The water flow after testing and rinsiwgsequal to 100.2 L/h.m2 bar and 25°C,
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whereas it was equal to 210.6 L/h.m2.bar and 25°C before the test. Thefless to water
was52.4 %.

The membrane was cleaned by circulating a soda solution at 10 g/L at a temperature of 50°C
for 20 minutes at minimum pressure and for 10 minutes aafi

The water flow measured after this cleaning sequewes151.8 L/h.mar at 25°C.

The membrane was then cleaned dyculatingan acidic solution at 10 g/L at a temperature
of 50°C for 15 minutes at minimum pressure and for 5 minutes at 1bar.

The waterflow measured after this cleaning sequerneas207.9 L/h.m2 bar at 2%.

The obtained results during the tests under different wdtews are presented iffable36.

Table36. Summay ofthe results of the different watdlow tests.

with 1% with 1% HCI
NaOHat 50°C at 50°C

| Before tests After test After cleaning| After cleaning

Flow withdemineralized
water (L/h-n? at 1 ba and
25°C) 210.5 100.0 151.8 207.9

The cleaning implementetinstatedthe initial characteristics of the membrane.
Reverse osmosis test

The ultrafiltration test produced enough permeate for the reverse osmosis step. The volume
of permeate resulting from the ultrafiltration introducedtb the driverwas500ml.

The membrane used was a reverse osmosis membrane of type BW30 from Filmtec. The
filtration area was equal to 28 cmz2. The test was carried out in a "concentration" configuration
with the followingoperating conditions:

- flow: 108 L/h, i.e., a flowspeed of 2 m/s,

- volume of product used: 0.5 liters of permeate from the ultrafiltration test,

- working pressure: increasing from 20 to 26.5 bar,

- temperature: between 24°C and 24.8°C,

- duration of the test: 179 minutes,

- volume of permeate produced: 0.350 liters, and

- final concentration factor by volume: 3.33.

Figure35 shows the evolution of the permeation flow asumttion of theVCE
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|Concemration / Membrane Filmtec BW30 |
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Figure35. Permeation flow as a function WICF

During filtration the permeation rate is kept constant by gradually increasingmtking
pressure. Th&/CF increaseflom 1 to 3.33.

Figure36 shows the evolution of the pressure as a function of W&k

|Concentrationl Membrane Filmtec BW30 I

30

25 1

20

15 1

10 +

Transmembrane pressure (bar)

1,00 1,50 2,00 2,50 3,00 3,50

Volume concentration factor

Figure36. Transmembrangressure as a function of the FCV.

In order to maintain @onstantpermeate flow around 40 L/h.m?, the pressusmasincreased
from 20 to 26.5 bar as the concentratiamcreased
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The average flux measured during the testsequal to 43.4 L/h.m?2, with aaverage pressure
of 22.4 bar and a temperature between 24 and 24.8°C.

Table37 summarizes the analytical results obtained for the reverse osmosisnigistthe
BW30 membrane.

Table37. Analytical results of the BW30 reverse osmosis test. R #lititial retentate; R final Final retentate aVCH.3;
Averaged R, averaged permeate &Y CH.3.

Sample Initial solution Final Averaged | Retention | Removal
retentate final (%) (%)
permeate
Turbidity (NTU) 1.2 258 0.88 100 25
Conductivity (uS/cm) 2200 5830 118 98 95
pH 11.4 11.6 10.5 - -
COD (mg/L) 1834 5150 275 95 90
[Na] (mg/L) 606 2106 17 99 98
[K (mg/L) 21 58 9.1 84 70
[C&*] (mg/L) 19 62 0.47 99 98
[F] (mg/L) 14 51 0.32 99 98
[CH] (mg/L) 21 57 7.5 87 75
[Br] (mg/L) 3.1 13 0.27 98 94
[NGs] (mg/L) 3.0 9.8 0.30 97 93
[PG*] (mg/L) 5.5 2.4 0 100 100
[SO?] (mg/L) 12 29 0.64 98 96

Initial R: initial retentate
Final concentrate: final concentrate YWCF3.33
Final average permeate: average permeat&/forF3.33

The conductivity reduction rate was 95%. The turbidity reduction rate was 25%. The COD
reductionis equal to 90%.

Folloving the test, the membrane was rinsed with demineralized water and its flow rate was
checked. The water flow after testing and rinsimgsequal to 36 L/h.m? at 10 bar and 25°C,
whereas it was equal to 43 L/h.m? at 10 bar and 25°C before the test.

Table38 summarizes the results of therious water flow tests.

Table38. Results of the various water flow tests.

Before tesing ‘ After test and
rinsing
Flow withdemineralized
water (L/h-nf at 10 bar and
25 °C) 43 36

A simple rinse with demineralized water made it possibleeiostatethe characteristics of
the membraneprior to testing.
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ConclusionTestGreywater systems&irmus
Ultrafiltration

Since the wastewater is loaded with suspended material, a prefilmatimugha filter at 150
pm was required prior to ultrafiltration préreatment. The turbidity abatement ratevas
100%. Ultrafiltration has no influence on conductivity and pH. The COD abatementaste
20%, the COD concentration in the permeat@sequal to 1834 mg/L compared with that of
the raw effluent of 1761 mg/L.

The average permeation fluwas 84 L/h.m?, for a transmembrane pressure of 1 bar, a
temperature between 24.8 and 25.7 °C and a fiv@Fof 4.3 (76.8% recovery). Chemical
washing with eda and acid made it possible to recover the characteristics of the ultrafiltration
membrane.

Reverse osmosis of ultrafiltered water

The conductivity reduction rateas95%. The pkrasnot changed by reverse osmosis.

The COD abatement rateas90%, the COD concentration in the permeatasequal to 275
mg/L compared with that of ultrafired water 1834 mg/L.

The average permeation flixas44 L/h.mz2, for an average transmembrane pressure of 22.4
bar, a temperature bieveen 24 and 24.8°C and a fin&CFof 3.33 (706 recovery.

However, as the sample was relatively small, and no duration tests could be performed on
site with this equipment because of the COW@hdemic,no accurate estimation of fluxes
and required sudce area could be made.

Anyhow results looked promising.

Ultrafiltration Reverse Osmosis
Ty -

5L Raw brewery Potable water

water send to quality reached

France

Preliminary tests succesfully performed by
MELiSSA/SEMILLA IPStar partner Firmus

http://www.fgwrs.mc/en/homepage/ @ F GW RS

Figure37. Overview of setup and water quality

programme under grant agreement RP6541

- This projecthadlB OSA OSR Fdzy RAy3 FTNRBY GKS 9dNBLISEY ! yA?2



\
Jﬂ@XtGeﬂ D1.3 New approaches and best

practices for closing the water cycle

After this test the Jotem Smart bpx NanoFiltration systemywas tested with results
depicted inTable39. Due tothe high TSS load in the effluent of the MaiRl thelimited
control over the solid liquid separation (DAF/microfiltration), no duration tests could be

performed.
Table39. Results ofhe Jotem Smart Bovest.
Removal

Effluent stdev Permeate stdev | Concentrate| stdev (%)

pH 8.0 0.1 8.0 0.2 8.0 0.2 0%

COD 226.9 121.1 11.2 3.8 238.9 113.2 95%

TN 5.7 4.8 4.1 0.9 7.8 2.8 28%

TP 4.1 3.7 0.4 0.4 3.7 2.9 91%

Cl 88.9 346 SR 306 84.8 32.1 2%
Hardness

(Ca2+, Mg2+) 2.5 0.4 1.5 0.6 3.6 0.6 41%

CaCO3* 44.5 26.3 63.9

3.3.8. Comparison of baseline situation andextGen
KPls

Metabolic network reactor

Before the installation of the MNR system the effluent from the brewery was released into
the public sewerage network of Tilburg. The treatment took place in the Tillmungjcipal
wastewater treatment plant, located approximately 9km from the brewery, at the opposite
end of the city. The transport of high strength wastewater over long distances can cause issues
in the sewer lines, such as deposition of solids and anaemdxomposition resulting in
emission of odors and corrosive gases.

According to information receiveflom Waterboard De Dommel, the treatment cost of one
person equivalent (p.egf/ h5 o6moc 3JIkR 2N ndpPpc | Ikdat A& nrs
includethe cost of the pumping to the treatment plant and the cost of handling the resulting
sewage sludge. According to industry standatigsse items typically amount to a similar cost

as the treatment itself.

Baseline treatment cost calculation based on Ideeaterboard standard:

1 m3 brewery wastewater equals 3,725 gCOD/m3 x 136 gCOD/p.e./d = 27.4 p.e./m3/d

The cost of treating 1 p.e. of wastewater = 40 EUR/p.e./year = 0.11 EUR/p.e./d

The treatment cost of 1 m3 of brewery wastewater is calculated as follows:

27.4 p.e./m3/d x 0.11 EUR/p.e./d3=EUR/m3

Note: THso 9! wk Yo FA3JdzNBEaA R2Say Qi AyOf dzRS GKS 02
and the cost of handling for the resulting sewage sludge.

MNR operating costsThe total energy uskto treat 1 m3 ofbrewery wastewater was
calculated based on the installed motor power ratings, the average daily flows and the
relevant daily run times as follows:

Average specific volumetric energy use: 3.25 kWh/m3
Average specific COD removal energy efficiency: 0.89kgNEOD removed
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The distribution of the total energy usitained during theoperation of theMNR pilot plant
ispresented inTable40.

Table40. Distribution of total energy use.

Process step \ Percentage %

Pretreatment 0
Aeration 64
Pumping and 15
mixing
Sludge separatior 14
anddewatering
Dosing and off 7
gas treatment
TOTAL 100

Table41. Obtained KPIs with the MNR pilot plant.

Topic Objectives KPI Results
Water yield of the system 99%
(produced / collected)
Energy consumption 3.5

(kWh/m? produced)

Successful operatior
) . 0.16 kg Urea / t
of brewery MNR | Chemical consumption (K¢ 0.11 kg 75% Phosphoric

3
Water / m3produced) acid /

Effl is fit f .
=fuentis fitfor =7 ity BOD and COD
irrigation use / .
aquifer recharge. removal vs inleflow to the
system (%)
Quality: SS and turbidity
removal vs inlet flow to the 99%
system (%)

COD: 97.6%
BOD: 99.7%

The above data are based mainly on simulation results wiviette partially validated with
data from relatively shorterm undisturbed operation periods.

MELIiISSAnspired membrane system

Assuming stable operation of the MNR, high quality effluent could be produced. However, due
to lower than expected MNRffluent water quality it was not possible to determine &Rl
terms of flux, energy consumption for the membrane systems. Quality parameters were a
above expectations after membrane filtratigSeeTable4?2).

Table4?2. Obtained results of the monitored parameters during extGerproject at La Trappe.

Topic Objectives . Results :
Retention (%) | Reduction (%)
| ' Successful operation  Turbidity (FNU) 100 100
\ Water \ of the ultrafiltration | Conductivity (uS/cm) 6,4 8,4
| | test pH - -
\ . Effluent is fit for reuse COD (mg/l) 41 20
| . in brewery wash [NAT (mg/l) 14 30
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processes. [K¥] (mg/l) 0,0 19
[MG?¥] (mg/l) 100 100
[C&*] (mg/l) 90 79
[F] (mg/l) 2,4 34
[CI] (mg/) -17 17
[Br] (mg/l) 10 41
[NGs] (mg/l) 2,4 30
[PGS] (mg/l) 93 79
[SQ2] (mg/l) 22 31
Turbidity (FNU) 100 25
Conductivity (uS/cm) 98 95

pH - -
Successful operation COD (mg/l) 95 90
of reverse osmosis [Na7 (mg/l) 99 89
test with the BW30 [K*] (mg/1) 84 70
membrane [C&*] (mg/l) 99 98
Effluent is fit forreuse [F] (mg/l) 99 98
in brewery wash [CI] (mg/l) 87 75
processes [Br] (mg/l) 98 94
[NGs] (mg/l) 97 93
[POS] (mgll) 100 100
[SQ2] (mg/l) 98 96

3.3.9. Lessons learned

At the La Trappe site, three differemtterconnectedtechnologies were implemented. The
interaction of the single technical units is complex and has to be considered in the system
design. The system design, the installation, system control and automation of the
technological units did not work well and aftits had to be operated separately.

However, as with many other innovative processes, numerous unexpected problems also
occurred here, some athichwere or are very timeonsuming to deal with. Therefore, it is

important to have employees who are open'teew thingsa | YR (1 SOKy2f 238 ac
available for a longer time period even after the commissioning of the system. In the following
tables, more details about the lessons learned are presented per technology.

MELiSSAnspired membrane system

Requred competence LOW _ HIGH

Limited training is needed to provide plug and play knowleabehallows the
production of good water quality. However, knowledge tisbeyondi KS & a i |
wastewater treatment knowledge is needed if stable ldagn operation is desired:

1 Constant changes in water quality require high level understanding of scaling,

clogging and flux permeability in operation

Due to the innovative technology, open minded asadution-oriented personnel
arebeneficialto have if installinguch a technologyCurrently, adaily manual process
control and maintenance is conductéar at least 2h/d but is expected to decrease in th
future.
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Vaintenance ov NN

Although in theory the membrane system is operated at low recovery in a low
maintenance mode, the changes in effluent MNR quality made this difficult. A manug
operated settlingank was installed to prevent major upsets. This system had to be tu
daily. Under normal conditions the effort for maintenance and manual process contrg
few hours per month. Due to unforeseen everggach wash out of small struvite crystalg
and cbgging of pipes, the effort increagd¢o be more thar? h/d.

Twice a year extensive maintenance work lasting around one vgeaekuired In this
case, the following steps acarried out

1 Intensive investigation regarding wearing of plant components

1 Functional tests
1 Cleaning of plant components

For this work, usually external experts support the maintenance grarburing the first
three years of operation, the plant usually had two downtimes per month

Technological risks LOW — HIGH

Nanofiltration is a welestablished technologydowever the integration with a biological
system requires aigh-levelunderstanding for the NF to work according to specificatiot

3.3.10Best practice guidelines for operating the
technology

Metabolic network reactor

Important aspects to consider during the design and construction of the plant:
Downscaling the MNRechnology from large scale (tens of thousands Gfdrtapacities)
municipal applications to a few hundred®f highly fluctuating brewery wastewater in an
industrial anddecentralisedenvironment needs extra care in the design and construgtion
especiallyin the following areas:

- Needs much higher level of automation th& operation and maintenance of these

facilitiesis doneby part time operators only. However, this will certainly increase
investment costs.

- More attention should be paid to proper tramg, online support and remote
supervision.

- The greenhouse structures to be used in this industrial environnsfruld be
carefully constructed out ofproper materials, especially considering corrosion
resistance and high humidity.
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During the pastyears the unusually high summer temperatures indicated that the
greenhouse structure which encloses the MNR planted reactors needs more and
automated shading structures, typically used in agricultural greenhouses.

The system should be better prepared foxtremities in flow, composition and
temperature, and a &tage buffering and equalization should be used (as originally
was envisioned but not fully completed) with proper alarm and safety measures to
protect the biology.

Crucial parameters for the optimegion of the production process:

TSS: Better individual and preferably automated control of aeration in the separate
reactor cascades carotablyincrease system flexibility

Automated controlto ensuresuspended biomass concentrat®im the reactorsare

low can help in energy optimization

An automated process parameter control strategguld help follow theC:N:P ratip
monitoring of which is crucial

Temperature: the typically 230°Cwastewater from the brewery shoulitst be used

for thermal energy recovenrgfter whichthe temperaturecanbe better kept in the 20
25°Crange where biology and foamingeasier to control

Unexpected changes in influent: the system should be better prepared to adapt to
changes in the brewing thnology (e.g. new cleaning processes, change in yeast
usage, change in raw materials), meanwhile changes in beer production should be
better communicated with wastewater treatment plant operator

MELiISSAnspired membrane systems

Important aspects to conisler during the design and construction of the plant:

ChoicebetweenUF/RO or NF should be made once MNR produces stable effluent
and industrial water quality requirement is known

Suitable pore size should be chosen to enable low recovery

Highquality materials must be used for the system (corrosion resistant, etc.)
Compliance with the country specific requirements for health and safetynecessary
System should be flexible andatable (also accessible for retrofitting work) and
operation should be automati/remotely controlied to avoid complex operational
task for the monks

Important aspects to consider during the startp of the plant:

The process water must be as free as gaesof particles

The chemical composition of the process water should be as constant as possible,
and the flow rate should be sufficiently high to run the process properly

A sampling plan should be considered, and the sampling must be documented

Crucialparameters for the optimisation of the production process:

»
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- Chemical composition of the MNR effluent (hardness, phosphate, and ammonium
concentrations, TSS) should be aligned with operational pressure/flux and backwash
cycle Table43).

Table43. Crucial operating parameters for the MELISSA inspired membrane system: ranges for the best results in NF.

Parameter Units Min Max
Ca/Mg + P@Pfeed Sl 0 1
NHs-N feed mg/L 0 10
TSS mg/L <50
Recovery 20-30%
Operational pressure <5 bar

3.4. Ultrafiltration (UF) and nanofiltration NF)
system with reverse osmosiRO)regenerated

membranesin Costa BravaKS

Authors: Queralt Planand MireiaPla(EUT)

3.4.1. Description of the demo site

In the case of the Costa Brava site, a pilot plant integrated with ultrafiltration (UF) and
nanofiltration (NF) modules fitted witheverse osmosisRQO regenerated membranes was

installed in December 2019 at theagewater treatmentplant (WWTP) of Tossa de Mar. The

pilot plant wasplacedafter the sand filter of the tertiary treatmerdand operatedor two years
(20202021). During this period, this new system's operagiioconditions and the effluent

quality obtaind/R  F2 NJ LINA G 4GS 3IF NRSyaQ ANNARIAFGAZ2Y LidzNL

3.4.2. Motivation for implementing circular economy

solutions in the water sector

Costa Brava is a region with high seasonal water demand and frequent water scarcity
episodes, which can also cause satevantrusion. It is one of the first areas applying water
reuse in Europe. In total, 14 fidtale tertiary treatments provide 4 Mm3/year (2016) for
agricultural irrigation, environmental uses, npotable urban uses and, recently, indirect
potable reuse.

The Tossa de MMWWTPworks with oneline tertiary treatment with an average flow rate of
7.4 m3/h, ranging from 4.5 #h during the winter period (values from 2018) to a maximum
of 11 n¥/h reached in summer. Mainly during the summer period, bothrhenber of tourists
and the wastewater flow rate to be treateidcreasesthus, a part of the effluent from the
secondary treatment is sequentially treated by its tertiary treatment
(flocculation/coagulation, prehlorination, sand filtration and disinfeot process with UV
lamps and chlorination).
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Nowadays, the effluent from the tertiary system is used for agricultural irrigation and
environmental and nospotable water uses. The water excesses flow to the sea. Due to the

increase in water demand, espetyadluring summer, improving the final quality retclaimed

waterfor broadening its application in more restrictive reuses such as private garden irrigation
or indirect potable reusés desired TheNextGerpilot plant pursues this goal.

3.4.3. Actions and CS géctives

Table44. Actions and objectives of the Costa Brava case study.

Case
Study
number &
name

#2
Costa
Brava(ES)

Location:
Tossa de
Mar

Subtasks

SubTask 1.2.2
Integration of
recycled
membranes in
multi-

quality/ multi-
purpose water
reuse

Technology
baseline

WWTP with a
tertiary
treatment
integrated by a
pre-chlorination
treatment, a
coagulation /

NextGen
intervention in
circular
economy for
water sector
Refurbishment
and adaptation
of the pilot
plant from
ZEROBRINE
Project:
ultrafiltration
(UF) and
nanofiltration

flocculation
process, a sand  (NF) modules
filter. and UV are fitted with
lamp treatment. regenerated | o
reverse 0smosis
Pilot plant f (RO) P TD
Z:E??8§|2|Nrém membranes
Proiect ist used as a final
(OB ToTSS | treatment of
OUE o Idra 10N urban effluents
( )?I? ti in the WWTP of
ossa de Mar to
nﬁlr;m rrzl |<|)n T o M
Eh t) motu ets obtain a
t az(r:rg/nh refa UP' reclaimed water
© t ° for being used
water. to irrigate
private gardens.
Regenerated
effluent from
tertiary
treatment is TRL 9

nowadays used
for public
garden irrigation

Capacity

Pilot plant
which
produces
2 m¥h of
reclaimed
water

Quantifiable
target

Reclaimed
water (2 né/h)
for private
garden
irrigation (RD
1620/2007,
Spain)

Theoretically:
Indirect
Potabk Reuse
by aquifers
recharge

3.4.4. Unique selling points

The unique selling points for the integration of recycled membranes in {quitity/ multi-

purpose water reuse are:
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V Tailor made rejection yields (e.g. > 80% of emerging pollutants/priority substances; >
99% of microorganisms; > 95% of salts).

V Reduction of emerging/priority pollutants that reach aquatic systems.

V Reuse of a wastéendof-life RO membranes) that is regenerated (regenerated RO
membranes) and can be used in the water cycle as a circular economy concept.

V  Production ofreclaimed watemwith enough quality to be reused. Thus, reduction of
the drinking waterused forprivate garden irrigation.

3.4.5. Principal characteristicsf the technology

Ultrafiltration (UF) and nanofiltration (NF) are membrane filtration processes whose purpose
is to mainly remove suspended solids and organic matter and divalent ions from liquid
effluents respectively. The UF normally works at pressuresd@ tar(Jafarinejad, 2017@nd

5¢ 20 bar for NECharcosset, 2012Rlso, they present zero or low monovalent ions rejection.

In general terms, UF is able to efficiently separate colloidal particles, viruses and bacteria
(Spivakov & Shkinev, 200But has low salt rejectio(Calabro & Basile, 2011)n the other

hand, NF not only enables the separation of even smaller organic molecules, but also of
inorganic salts. However, it is twte that NF membranes have low rejection of monovalent
ions, high rejection of divalent ions and higher permeabilities compared to RO membranes
(Wu etal., 2017)

As a function of the oxidation degree, regenerated erdife reverse osmosis (RO)
membranes can operate as UF and NF modufethis way, a waste can be reused in the
water cycle, increasing their lifetime.

In the NextGenproject, the pilot plant, located within a sea container of 20 feet (6.05 m), is
fed with water from the sand filter of the tertiary treatment of Tossa de Mar WWTP. The pilot
consists of a UF coupled to an NF module, fitted with regenerated RO membogmesitice
reclaimed waterof Quality 1.1 fixed in thé&keal Decreto 1620/2007The pilot plant has an
estimated production flow rate of 2,2 #h. The water produced is disinfected by the online
addition of sodium hypochlorite and is stored in a 1®tamk. This tank is placed &n easily
accessible area, where the water tank truck can pick it up and distribute it to theiserd

sites.

The process consists of a 50 um mesh filter to remove the coarse particulate matter. Next is
the UF stage, where one module of a commercial meme is installed. Finally, the NF stage
with regenerated RO membranescurs Asimplified diagram of the processgs/enin Figure

38. Figure39 shows some images of the inside of the plant.
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Figure39. The generdbcationof the pilot plant equipment

Mesh filter

The function of the mesh filter i® protect the UF process. A 50 um filter is currently used,
but a 10 um filter can also be installed. An automatic cleaning system is also incorporated,
which is activated when redeterminedpressure differential is exceeded. The length of each
cleaning step is 38, and a feed pressure of 4 bar and a flow rate offfrare required due

to pump requirements.

Ultrafiltration

The module consists of a commercial membrane. Beaéhes, CEBs and most UF stages are
versatile and can be configured and automated using sbftware developed for the pilot
plant. Cleaningin-Place(CIP is not automatic and isarried out using the feed tank (5Q0.
Moreover, there are 3 reagent dispensers for thleemical Enhanced Backwas(eEgBwhich
use3 tanks of 10Q each.
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Nanofitration

The NF process @@mposed otwo sequential modules, a recirculation pump which supplies
a crossflow flowrate of 1%h, and 3 tanks (10Q each for reagent dosage. After each run,
the modulesare automaticallyflushed and are fed by the permeate solution (2 x 500 L tanks).
The systemwvasconfigured by carrying out neautomatic CIPs. There also arer3linedosing
systems (e.g., pH adjustment, astialing reagent dosing, disinfection product) with 3 tanks
of 100L eat.

3.4.6. Technology implementation requirements

Mesh filter

A mesh filter must be ieded at the beginning of the treatment to ensure that coarse s®lid
do notreach the UF modul reducethe number of cleaning cycles amttrease the length
of the filtration cycles.

Ultrafiltration
UF ¢eaning should be performed periodically to ensure suitable operation. The following
table summarize the most appropriated values of several parameters for the conventional UF.

Table45. Required perating conditions of the commercial UF membranes.

Parameter Units i Reference

Transmembrane bar - 2.1 (DuPont, 2019)

pressure (TMP)

Temperature °C 1 40 (DuPont, 2019)

pH upH 2 11 (DuPont, 2019)

Particle size pHm 0.03 0.5 (Spivakov & Shkinev,
2005)

Nanofiltration

Like the URNFcleaning c should be performed periodically to ensure suitable operation. The
following table summarize the most appropriated values of several parametershéor t
commercial RO membranes. Howevergsk maydiffer when operating regenerated RO

membranes.

Table46. Required operating conditions of the RO commercial membranes.
Parameter Units Min Max Reference
Turbidity NTU <1 NextGenD1.2
Pressure atm 5 50 (DuPont, 2020)
Temperature °C 1 45 NextGenD1.2
pH . 2 11 NextGenD1.2
SDI - 5 (DuPont, 2020)
MF10.45 - 4 (DuPont, 2020)
Oil and grease  mg/L 0.1 (DuPont, 2020)
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Parameter Units Min Max Reference

TOC mg/L 3 (DuPont, 2020)
COD mg/L 10 (DuPont, 2020)
AOC ug/L AeC 10 (DuPont, 2020)
BFR pg/cm2 ATP 5 (DuPont, 2020)
Free chlorine  mg/L 0.1 (DuPont, 2020)
Ferrous iron mg/L 4 (DuPont, 2020)
Ferric iron mg/L 0.005 (DuPont, 2020)
Manganese mg/L 0.005 (DuPont, 2020)
Aluminium mg/L 0.005 (DuPont, 2020)

3.4.7. Results obtained

This section presents the results obtained over a yedheNextGenpilot plant operation.
During this time, results of water quality (flow, conductivity, turbidity, pH, etc.), emerging
pollutants (endocrine disruptors, medicines, etc.) and household products, among others,
wererecorded and employed to quantitatively &ss the efficiency of the treatment through
NFregenerated membranesThe efforts on monitoring compounds added to the common
physicochemical parameters have been done regarding the intention to use regenerated
water for aquifer recharge in Tossa de Mar in the future.

The emerging compounds have been selected accordingegdtatchList of 2018 and 2020,

the Drinking Water Directive and also other literature publications related to the toxicity and
effects to the human health. The list of the emerging compounds has been built and agreed
with the Catalan Water Agency (ACA,nfrdhe Catalan acronym of Agencia Catalana de

f QI A3dzr 0 FYR GKS ISFfGK 5SLINGYSYyd 2F GKS [/t

- Water quality parameters
The water quality parameters evaluated during the execution of the Costa Brava pilot plant
weretotal suspended solidd S$§ total organic carboiiTOC)¢chemical oxygen deman{@€OD),
total nitrogen (NT), total phosphorus(PT), the concentration of chlorides, phosphates,
nitrates, nitrites and ammonium, and the total concentrations of calcium, magnesium,
potassium, and sodiunon. Data was recorded from February 2021 to December 2021.
Figure40 shows the parameter§SSTOC CODand chlorides in separate graphs. For all of
them, the primary ordinate axis (left) shows the concentration recorded in mg/L, and the
secondary ordinate axis (right) shows the tertiary treatment efficiency (%). Dark blue columns
show the concentrate (sand filter effluent), and light blue columns slilo& permeate
(effluent after nanofiltration treatment). The grey dots show the nanofiltration efficiency.
As shown irFigure40, on the graphs (a), (lgnd (c), the tertiary treatment efficiency was
always around 80%. In some specific cases, and as shdwiguime40 on the graph (c), there
were deceases in COD removal at specific periods. For instance, from March to August 2021,
5 and 35% efficiencies are observed due to the limit of detection was at 50 mg/L and the
efficiencies were estimated considering this limit. On the other han®&eptembeR021, the

programme under grant agreement 6541
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analytical method was modified to quantify the low levels of COD. Since then, there was a
significant increase in efficiency in the COD elimination, reaching more than 90% in December
2021. Thus, the latter efficiency removal was concluded tthbaeal efficiency.

The elimination of TS$igure40, graph (a)was around 80%. TSS concentrations in the
nanofiltration effluent were 2.5 mg/L, satisfying the legislative standards established. TOC
elimination was about 75% on average (influent concentrations were 1500 mg/L and after the
treatment diminished to 30&00 ng/L).
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Figure40. Concentrations at the inlet and outlet of tNextGerpilot plant and removal efficiencies of (a) TSS, (b) TOC, (c)
COD and (d) chlorides during the pilot operation with regenerateebéfif RO membranes.

The efficiency of chloride removal was alaoge (80%), satisfying the legislative standards
establshed. Chloride concentrations at the effluent of the sand filter were between 150 and
350 mg/L after NF, the concentrations were below 100 mg/L. In September 2021, there was
an increase in chlorides (350 mg/L). However, the membizased system was able
maintain the efficiency producing low chloride concentration efflugr®5 mg/L C).

Annex1.A.1 Nandiltration efficiency: Water quality paranters exhibits the water quality
results obtained for total N, total P, phosphates, nitrates, nitrites, ammonium ions, calcium,
magnesium, potassium, and sodium parameters.
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Sand filter effluent regteredtotal nitrogen (TN) andotal phosphorus concentrations around

20 mg/L and 1.5 to 7 mg/l, respectively. AftéF, the concentrations were ~10 mg/L for TN
and below 0.2 mg/L for TP, registering between 78% and 95% removal efficiency, respectively.
The phosphate concentrations recorded at the outlet of the sand filter effluent ranged from 4
to 16 mg/L. Nevertheless, the concentratianshe NFeffluent were stalde (between 0.2 and

1.2 mg/L), displaying a high phospaatmoval (90g 95%).

Like phospates, TN and TP, the ammonia concentrations at the sand filter effluent fluctuated
(from 25 to 80 mg/L). However, the concentratiorthe effluent of theNextGensystemwas
constant (from 10 to 15 mg/L), obtaining removal efficiencies ranging from 86%oof Nk

In addition,NF membrane (i.e. R@generated membrangsexhibited an average removal
efficiency of 50% for nitrates and nitrites, being higher in some cases for nitrates)(@)
compared to nitrites (5@ 65%).

Sand filter effluentiad cakium and magnesium ion concentrat®af 70 mg/L and 25 mg/L,
respectively. The resultshowed that the removal efficiency of Gaand Mg* was
independent of their concentratianat the inlet of theNF since there was registered an
elimination efficiencyf almost 100% in all cases.

An irregularity in the sand filter effluent was registered in June fojukpingfrom 20 ng/L

to 190 mg/LHowever the tertiary treatment efficiency with regeneratddFmembranesvas
stable, eliminating 80% of th€ on average.

The removal efficiency of Neemains stable over time (approximately 80%) regardless of the
quality at the inlet of the tertiary system (120 mg/L*INa he Naconcentrations at the outlet

of the NFwere stable, around 50 mg/L, reaching removal efficiencies between 75 and 80%.
FiguredlRA & LJ | @& GKS St SOi(oahsdérdd asGatydramdionfafthiel & 0 > {
NFinlet and outlet throughout 2021. The system exhibited a stable conductivity elimination
efficiency (between 70 and 80%).
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Figure4l. Electrical conductivity of the concentrate and permeate and thej@étion.

- Endocrine disruptors
Twenty-one endocrine disruptors presemtthe sand filter effluent and thdlFpermeatewere
been analysed, including progesterone, testosterone, bisphenol A and estrones E1, E2 and ES.
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The analyses were performed every 4mties (March, July, and November 2021). The results
obtained in March are presented in this section (Segire42), whereas the results frorduly
and Novembeare provided in Anne%.A.2 Nanofiltration efficiency: Endocrine disruptors

Efficiency Reverse Osmosis of Endocrine Disruptors - March 2021
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Figure42. Endocrie disruptors detected at the outlet of the sand filter @heir removal efficiency in March 2021.

All analyses always detected six endocrine disruptoretliylparaben ethylparaben
propylparaben caffeine and tris 2-butoxyethyl phosphate (TBEP)). Benil#ole andtris-
chloroisopropyl phosphate (TCPP) were occasionally detected.

In July 2021, the compounds with the highest concentratisese Caffeine (2500 ng/L),
Benzotriazole (942.2 ng/L), ai@ER1447.0 ng/L) and TCPP (2387.1 ng/L).

There is no cleaelationship between seasonality and the endocrine disruptors detected. For
instance, caffeine displayed high concentrations in both March and July but not November.
TCCP registered high concentrations in March, July, and Novemberq 3000 ng/L). Irall
analyses, theNextGensystem exhibited a removal capacity of approximately 100% (the
concentration at the outlet was below the Limit of DetectiphOD).

Some endocrine disruptors, sucheaibylparaben ompropylparaben exhibited concentrations
between30 and 180 ng/L, witbnly aslight removal efficiency (0610%).

- Pharmaceutical compounds
Eightyone pharmaceutical compounds were analysed at the sand filter effluent to observe
the NFperformance of theNextGersystem in Marchjuly,and NovemberResults fronMarch
are presented in this section (Ségure43), whereas results fronduly and Novembeare
givenin Annex 1A.3Nandiltration efficiency: Pharmaceutical compounds
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Figure43. Concentrations at the inlet and outlet of tNextGerpilot plant and removal efficiencies of the pharmaceutical
compounds detected in March 2021

High concentrations of Venlafaxine (4678 ng/L), Hydrochlorothiazide (4451 ng/L) and
Valsartan (4019 ng/L) were detected at the sand filter effluent. AfteNRéigh removal was
registered (9Q; 95 %). For other compounds such as Erythromycin (495 ng/L), Ibuprofen (421
ng/L), Metoprolol (111 ng/L) or Codeine (81 ng/L), thentioned influent concentrations

were lower, thusa lowerremoval (.e.,40 to 60%) was aerved.

For compounds such as Ketoprofen (717.8 ng/L), Acetylsalicylic Acid (86 ng/L), Propranolol
(239 ng/L) or Meloxicam (59.2 ng/L), the removal was low (around 10%), which could be
related to the LOD of some compounds. For instance, Ketoprofen hab @fL?1.3 ng/L. If

the output value registered afteNFis close to the LOD, it could interfere, giving lower
efficiency values than expected.

Something similar happened with Acetylsalicylic Acid, which has a LOD of 1.2 ng/L. For high
concentrationsin the NFinfluent, removal of 85% was observed in July 2021. On the other
hand, alow removal (less than 10%yas observed for concentrations close to the LOD
(November 2021).

- New pharmaceuticals
In 2021, twelve new pharmaceuticals weréded to the analysi§.he mosfrequentdetected
compoundsare Oxypurinol, Gabapentin, Valsartan Acid, and TramadolRi§aee44). Ahigh
removal efficiency was observéar most of the compounds detected in tidextGeninfluent
(95 ¢ 100%).Resultsfrom Novemberare presented in this sectionwhereas results from
March and July are depicted in AnneR X Nandiltration efficiency: New pharmaceuticals
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Figure44. Concentrations at the inlet and outlet of tNextGerpilot plant and removal efficiencies of the new
pharmaceuticals detected Movember2021

Compounds such as Bisoprolol and Lormetazepam had low concentrations (from 20 to 40
ng/L), close to their LOD.
The highest concentrations found were Oxypurinol (88® 10000 ng/L), Gabapentin (1000
to 2000 ng/L) and Valsartan Acid (500 to 4500 ng/L). Oxypurinol exhibited aemngival
range (from 35 to 80%). The Oxypurimableculecan easily pass through the regenerated
membrane structuretherefore theremoval caild be relatedeither to the depletion of the
membrane or the creation of preferential pathways. On the other hand, Gabapentin and
Valsartan Acid registered better removal efficienciesq(85%).
Proper maintenance and periodic cleaning of the membransguastionably improve this
complex compound removal (recorded removal values around 80% in March 2021).

- Pesticides and herbicides
TheNextGenproject analysedeighty-one herbicides and pesticidesegults fromMarch are
presented in this sectionyhereas theJuly and November figures are depicted in Anhéx5
Nandiltration efficiency: Pesticides and herbicieIhe compands detected with higher
concentrations were AMPA (3290 ng/L), Diuron (2056 ng/L), Imidacloprid (1146.1 ng/L), Tert
butyl (1058 ng/L), Thiamethoxam (405.8 ng/L);R2,8384 ng/L), MCPA (260 ng/L), Glyphosate
(200.0 ng/L), and Mecoprop (70 ng/L).
Although the concentrations in some casegere elevated, the removal efficiency of the
NextGensystem ishigh (90 ¢ 95%).Figure45 shows Diuron is the herbaé with the highest
concentration in the sand filter effluenNextGers NFsystem removes 95% dfuron inthe
outlet. The sames true occurs for AMPA or 2B, NFis effective ateliminating those
compounds (98%). The removalpdsticidesis crucial, gientheir toxic nature. Diuron, for
instance, isapplied to control invasive plants, is considered harmful to humans and is
persistent in soil.
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Efficiency Reverse Osmosis of Pesticides and Herbicides - March 2021
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Figure45. Concentrations at the inlet and outlet of tNextGerpilot plant and removal efficiencies of the pesticides and
herbicides detected in March 2021.

Chlorpyrifos was detected in all sampldsis a powerful insecticideusageof which was
limited in 2015and finally banned in 2020. The dang#rthis pesticide is related to its
significant persistence in river and sea environmewsichnot only preventthe insect fauna
proliferation but also affecother families of biotasuch as crustaceans and fishes

- Household products
Four household products wedetectedin 2021: Sucralose, Acesulfame, Paraxanthine and N,
N-diethylmeta-toluamide (DEET). Sucralose and Acesulfame are two synthetic dederie
sugar substitutes (artificial sweeteners). Paraxanth;@ major metabolite of caffeine in
humans. Shortly after ingestion, caffeine is metabolized into Paraxanthine. These three
compounds were observed in all analyses performed in 202%résults are presented in this
section,March and November figuresedepicted inAnnex 1A.6 Nandiltration efficiency:
Household products The last compound (DEET) was only detectdteisummer (July 2021),
as DEET widely used in household mosquito repellg@eeFigure46).

Efficiency Reverse Osmosis of Household Products - July 2021

Effluent Sand Filter Permeate ® % Removal
3000 1 ® r 100
= L 90
2 2500 A
z - 80
s 20
£ 2000
£ 60 @
2 3
o ]
8§ 1500 - F50 2
Fa0 R
1000 A
F 30
500 - 20
F 10
0 T T T 0

Sucralose
Acesulfam
Paraxanthine
DEET

Figure46. Concentrations at the inlet and outlet of tNextGen pilot plant and removal efficiencies of the household
products detected iduly2021.
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The compound with the highest concentrations is Sucralose (up to 7200 ng/L at the sand filter
effluent) (SeeFigure46 and Annex JA.6 Nandiltration efficiency: Household produqtsn all
cases, thé&NFremoval capacity for this compound was 99%. For Acesulfame and Paraxanthine,
the results were similaAlthoughthe concentrations of those compounds after the sarteffil
were low, the removal capacity of th&lextGensystem was very high, reaching 99% for
Acesulfame and DEET in July and November 2021.

- Benzotriazole compounds
Three Benzotriazole compounds were analyse@htore1HBenzotriazole (CIBTR)MEethyl-
1HBenotriazole (4TTR) + 1HBenzotriazole (HTR), and B-Dimethyl1HBenzotriazole
(XTR). TR + 8 TRwvas found athe highest concentrations in all cas€sgure47 shows the
sand filter effluent concentrations recorded duridglly 2021 (1200 ng/L). The NextGen
system did not demonstrate a high removal capacity of this compound (removal efficiency
between 10 and 30%)See also Annex A.7 Nandiltration efficiency: Benzotriazole
compounds.
CIBTR and XTWre present at lowconcentrations after the sand filter (6 to 9 ng/L and 13 to
74 ng/L, respectively). The removal efficiency of thextGensystem is 35 and 80%,
respectively. However, we cannot wholly assume these values are correct because they are
close to the LOD artierefore possibly related tanalytial errors.

Efficiency Reverse Osmosis of Benzotriazole Compounds - July 2021
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Figure47. Concentrations at the inlet and outlet of tNextGerpilot plant and removal efficiencies of the benzotriazole
compounds detected iuly2021.

3.4.8. Comparison of baseline iation and NextGen
KPIs

At the Tossa de MawWWTR tertiary treatment is currently in operation. This tertiary
treatment consists of flocculation/coagulation, peoélorination, sand filtration and
disinfection process with UV lamps and chlorination. Tieated water, which meets the

limits of RD1620/2007 for public use, is distributed for agricultural irrigation and
environmental and nofpotable water uses (i.e. public irrigation). As presented in previous
sections, the objective of thdlextGenpilot plant wasto improve the water qualityn the
effluent using a membrane system to meet the limits of RD1620/2007 for private uses, which

programme under grant agreement RP6541
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are more restrictive than the limits for public purposes. In this section, the baseline scenario
is consideredas the water quality at the outlet of the sand filtef the current tertiary
treatment at the Tossa de Mar WWHRd the outlet of the membrandased treatment as

the NextGensystem.

The plant installed on the Costa Brava demo site within the framewdHedfiextGerproject
gaveexcellent results. It has been proven to remove contaminaftsigh toxicity, both for

the environment and for human health. The increase in water quality during the application
of the NFsystem was noticeable, since all the watprality values at the outlet improved.
General KPIs obtained during theextGenproject are presented atable47. It is possible to
observe that thewvater quality at the outlet of théNextGerpilot plant is improved and meets
the RD1620/2007 for private uses in terms of turbidity, TS&)IEand intestinal nematodes
(See alsd@able47for further details on the baseline adextGernsystems outlets).Compared

to the current tertiary treatmentthe NextGerpilot plantwas alsableto removeabout 80%

of the emerging compounds (EQlthough their emoval is currently not a legislative
requirement, the publishedsurface waterWatchlist (WL) under the Water Framework
Directive (WFD)resents the toxicity levels. Comparing the obtained results with the Watchlist
toxicity levels, the effluent concentrans of themonitored EC are below the mentioned
levels (see detailed information previous sections

Table47. General KPIs for baseline scenario ldegtGersystem for the Costa Brava case study.

Current NextGen

Specific Key Performance

Objectives

Indicator (KPI)

value

values

To increase the production of Water yield of the system [% d
reclaimed wateffor private garden| reclaimed watemproduced for |0 % 70-80%
irrigation private garden irrigation]
ini i i i 0,
To reduce the salinity of the Salt rejectlo_n yield [% salt 0% 7506
effluent removal vs inlet flow]
To reduce the content of trace Global removal yield for sever
organic compounds (TrOCs) of th priority/emergent pollutants [0 % 80 %
Wastewater| reclaimed water [%]
treatment — — ,
To reduce the TSS and turbidity ¢ TSS and turbidity removal yiel
and reuse ; 40 % >95 %
the effluent vs inletflow to the system [%]
[E.coli]final effluent 1 0
[CFU/100mL]
To reduce the pathogen content ( [Intestinal nematodes] final 1 X
the effluent effluent [egg/10L]
[Legionella sppfjnal effluent
[CFU/100mL] < 100 < 100
To reduce electricity consumptior 2 KWh/IT?
Ener of the NextGenUF & NF processe| Electricity consumption (Garcialvars 0.9¢1
oy compared with conventionallF | [kWh/m? reclaimed watef kwh/m?3
etal., 2017)
membranes (current value)
. Evaluation of the viability of the R| Flux[l m? h?] related to 13 Im?_h/bar 13
Materials (Garcialvars |
recycled membranesompared to |transmembrane pressure [bar etal., 2017) Im2h/bar
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the commercial
membranegcurrent value)

Salt rejection [%] compared to
a commercial membrane of th

>97%

0,
(NF270) | 7%

same type

Table48. Monitored KPIs of the baseline scenario and at the outlet dltheGerpilot plant at the Costa Brava case study.

Parameters (units)

Flow rate (n/h) 1.40

COD (mg 1) 55.95

pH (upH) 7.47

EC (uS/cm) 1615.64

TSS (mg/L) 8.72

Turbidity (NTU) 7.04

NHs* (mg N/L) 44.60

NGs (mg N/L) 2.59

NQ: (mg N/L) 12.40
= Total N (mg N/L) 29.92
2  Total P (mg P/L) 8.97
£ Br(mg/L) 0.33
% Cl (mg/L) 237.00
£ PO*(mg/L) 8.86
©  ca&"(mg/L) 61.20
S Mg (mg/L) 15.30
g K (mgl) 39.00
E Na* (mg/L) 153.20
= E. Coli (CFU/100 mL)
L Legionella spp (CFUIL)
S Intestinal nematodes

(egg/10L)

Coliphages (ufp/mL)

Clostridium perfringens

(ufc/100 mL)

BenzotriazoleH (ng/L) 755.7

Caffeine (ng/L) 3645

AMPA(ng/L) 1889

2,4D (ng/L) 142

Azithromycin (ng/L) 168

Venlafaxine (ng/L) 332

Parameters (units)

Summer Winter
Allvalues
VEIES values

Measurement
Years
frequency

=  Flow rate (n¥h) 1.07
S COoD (mg £1) 28.64
E pH (upH) 7.22
W EC (uSfcm) 395.91
=  TSS (mglL) 2.03
& Turbidity (NTU) 0.33
< NH*(mg N/L) 12.84

1.40 1.40 Daily 2021
10.29 13.00
7.33 7.65
1627.75 1573.67
9.05 7.63
7.65 7.04
32.00 71.00
3.35 2.75
19.78 3.00
25.16 58.50 Monthly 2021
10.70 4.94
0.30 0.30
267.75 202.00
7.45 11.60
64.75 58.00
15.75 14.50
65.50 21.00
151.00 146.00
Not
measured
621.4 763.70
2953.3 3722.5 Monthly 2021
1943.8 1801.5
111.8 155.3
79.9 277.2 Monthly 2021
371 270
VEIVES values
1.07 1.07 Daily 2021
38.75 1.00
7.23 7.40
445.00 389.33
211 150 Monthly 2021
0.33 0.30
11.63 17.50
FNRY (GKS 9dzNR LIS y
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NGs (mg N/L) 1.83 2.60 1.25

NG (mg N/L) 5.45 8.08 1.55

Total N (mg N/L) 10.20 9.79 15.00

Total P (mg P/L) 1.90 2.59 0.15

Br (mg/L) 0.25 0.25 0.20

Ct (mg/L) 64.90 80.50 49.50

PO* (mg/L) 0.59 0.45 1.15

Ca*(mg/L) 2.40 3.30 1.35

Mg?* (mg/L) 0.74 0.93 0.50

K" (mg/L) 11.03 19.58 4.90

Na" (mg/L) 44.29 48.73 37.50

E. Coli (CFU/100 mL) 0 0 0

Legionella spp (CFU/L) 0 0 0

Intestinal nematodes <1 <1 <1

(egg/10L) Bimonthly 2021
Coliphages (ufp/mL) <1 <1 <1

Clostridium perfringens 0 0 0

(ufc/100 mL)

BenzotriazoleH (ng/L) 544 420.1 636.8

Caffeine (ng/L) 333 386.2 312.2 Monthly 2021
AMPA (ng/L) 78 103.0 65.0

2,4D (ng/L) 19 <10 <10

Azithromycin (ng/L) 81 <10.3 81.1 Monthly 2021
Venlafaxine (ng/L) 10 <1.2 9.5

Regarding physicochemical parameters, it has been observed\iieiGeneffluent values
were lower than the values from the baseline scenario (i.e. outlet of the sand filter). Also, for
most of the components, except for ammonium, TN and phosphates, summer
concentrationsvere significantly higher than wintesoncentrations This might be dueotthe
tourist season which triglsthe population in the town.

Most of the parameterconcentrations satisfying the limits not only for private uses but also
for indirect potable reusei.€. aquifer recharge). However, ammonium concentrations at the
outlet of the NextGensystem are still above 10 mgflimit fixed by Quality 5.1at the
ROL620/2007for aquifer rechargeyvhich is toxic to organisms and may degrade the water
quality of the aquifer(Mohd Kamal eal., 2017) In addition, ammonium under reducing
conditions cannot be oxidized to nitrate and it wilmain as ammonium or nitrogen gas.
Therefore, in order to pursuéndirect potable reuse, thesecondary treatmentmust be
improvedor include aertiary treatment step on absortioto increasenitrogen removal from

the wastewater.

Surprisingly, average COD concentrations at the effluent ofNegtGensystem are high,
especially in thsummer.Until September 2021, the LGbr CODwas at 50 mg/L, and the lab
method had to be adapted to reach lower levels of C@Mbich explains the high COD
concentrations

In microbiological terms, no microorganisms were foundhe NextGeneffluent, and the
values comply with the current legislation, i.e. RD 1620/200These microbiological
parameters have not been monitored at the inlet of the NextGen system since the baseline
treatment does not intend to remove microbiological pathogens.

Additionally, it was pasible to produce the same flux of treated water (i.e. 13 LMH) with a
similar recovery for commercial and regenerated RO membranes (i-85%) at a lower
transmembrane pressure (TMPn this case, the TMP for generated RO membranes was
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between 7 and 8 bamvhereas inthe preliminary tests with commercial RO membranes, the
TMP was between 11 and 12 bar. Thus, it is translated to less energy consurfigtion
between0.9 and 1 kWh/riinstead of 2 KWh/m).

The regenerated watemeeting the legislation has been distributed to three private users to
irrigate their gardens. Due to the low mineral concentrations of the reclaimed water, some
mineralization was needed.

3.4.9. Lessons learned

Required competence LOW— HIGH

To operate a membranbased treatment such the one tested in the CS, specific
knowledge about thdollowing systemss required

- Membrane filtration process

- Membrane cleaning anthaintenance

- Monitoring and control the plant

- SCADA system to operate the plant
A basic training is needed to provide the required knowledge to the operator to
understand the process as well as to operate it antveproblemsencounteredduring
operation.Specific knowledgefahe SCADA system is needed to start up and operate
plant on siteas well agemotely.

Maintenance LOW— HIGH

Backwashing occwautomatically when the TMP is increasing, or the flux is decreaasg
both mean themembraneis cloggingBasic chemical cleanings can also be launched
manuallyonce/twice per week. During these cleaning sequences, sodium hypochlorit]
and chlorohydric ad are usedThesecleaning are meant to remove surface deposited
material. However, it is recommended to perform a deep cleaning (CIP) exgamyo#ths
in order to remove mor@ncrustedmaterial and recover initial membrane characteristic
and performance.

A daily check is performedyhich can take 2h/day fora trained operatoto do ageneral
control during normal operating condition8lthough theCIP is performed automatically
it has to be launched manually. Thus, it requires extra time for performing and super
the action.

Generally, no experts are required for system maintenance. However, external expe
might be needed for major issuesgardingelectricity, mechanicgr membrane renewal.

Technological risks LOW_ HIGH

The main reasofor the downtime periods of the membranrieased treatment has been
the needfor aCIP.This type of downtime was experienc2eB times in a year. These
downtimes are due to the membrane clogging, producing unstable measurements, a

programme under grant agreement RP6541
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increase of the TMRnd an increase of the automatic cleaning frequency. To minimiz
the impactof and need folan intensive cleaning, accurate mtoring ofthe system and
performingpreventative CIBwhen deterioration of membrane performance is
determined or after gore-determined operation time (for example, after 120 or 150 da
is recommended

3.4.10Best practice guidelines for operating the
technology

Important points to consider during the design and the construction of the plant:

- Installation of a prefilter to remove bigger particles and optimize the operation of UF and
regenerated RO membranes (minimizing membrane clogging).

- Need for a highpressure installation, including appropriate equipment, material, and
instrumentation.

- Thefeed pumps must be properly dimensioned according to the flow and the pressure
required by the treatment.

- Achlorination unit is required before threclaimed watedistribution to ensure the minimum
free chloride concentration of 0.2 mg/L and no proliferation of microbiological pathogens.

- Water mineralization is needed before the use of the reclaimed water in order to avoid soil
deterioration

- A storage tank is required to collect theclaimed wateprior to its distribution.

- The installation needs to compWwith the local/state legislation regarding hygiene, security
and health safety.

Important aspects to consider during the statp of the plant:

- Althoughthe valves are controlled automaticallghecking that the valves are opened as
required is necessary prior starting-up the plant.Possible to startip the system as a manual
mode to check the operation of the units and its connections.

- Verification ofchemical availability and their installatiovill preventleakage during operation.
Check any leakage in the system.

Crucial parameters for the optimization of the production process:

- For the UF membranepressure temperature, pH, and particle size. The ranges of these
parameters are presented ihable45.

- For the regenerated endf-life RO membrane (with a pe similar to NF):pressure
temperature, pH, turbidity and silt density index SDI are the key parameters. Also, other
physicochemical parameters are suggested (Gd#e46).

3.5. Decentralsed membrane treatmentin

Gotland (%)

Authors: Staffan Filipsson and Fredrik Hedman (ivl)

3.5.1. Description of the demo site
Storsudreton the island Gotland in the Baltic Sea (Sweden) is a region ineteansition to
a more sustainable water cycle is taking place. The aim is to demonstrate how the overall
water availability can be increasday usinga circular economy approach with uselotal,

programme under grant agreement RP6541
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energy efficient, small scale innovative systems. The location of the case study area {110 km

has been chosen carefully. The main prerequisite advantages of the location is that it is
geographicd S NBE 6Sff RSTAYSR awelieSQablished dnbactve/NGaxt | 0 >
(Forum Ostersjon), there is a great need for fresh wadad it is very challenging hydrology

with a flat landscape and tin soil layehat has a low capacity for storage of wateeeFigure

48.

© Geographically
well defined

© A good local NGO

i /n/an d

Sweden

© There is a great need

De"ma, No’Wa %

k

© lItis very challenging

Figure48. The location of the case study area has been chosen car#figlgeographical very well defined, there is a well
established and active NGthere is a great need for freshiater, and it isa very challengindpcation

To achieve sustainable water supply systems in line with the circular economy approach,
innovative alternative, local water sources have beéund throughthe installation of
different innovative systems. A unigue membrane systemt ttexovers sewage without
biological pretreatment has been installeda largescale water storage system based on feal
time collected data hebeen planned in detgiand the automatic floodgate thawill regulate

the lake habeen constructed and programmed. The floodgate is ready to be installed directly
after permission from the Swedish land and environmental court has been given.

In addition to the innovative systems for water supply, calcuretishow the potential of
expanding the test bed to a largeale systenwhich couldcontribute to Gotland's water
supply with a circular economy approach.

Another important part of the case study is tlevolvement ofstakeholders such as the
organizationgnvolved in the project, the county administrative boaeihd the residents of

Storsudret.

The Gotland case study consists of the following main parts:

1 Localsupport

1 Establishment of water balance based on fiéale and online monitoring

1 Detailedplanning and construction of an innovative system for rainwater harvesting
and storage

i Planning, construction, installation amgerationof a highly innovative system for
direct reuse of sewage based on two membrane technologies

i Overall design of a piletcale system and futicale systenfor the introduction of a

sustainable water supply &otland

For rainwater harvesting and storage, an automatic floodgatehferegulation of a lake has
been constructed and programmed for real time control based on thetnee sensors.

By use of a systematic approaehg by use of xay sensor on a helicopteit has also been
shownhow groundwaterreservoirscan bediscoveredand how those discovered reservoirs
can beevaluatedin more detail by a followp through different kinds of measurements on
the ground Theseground watershallcontaina certain volume of water for new construction
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areas so that the need foextensie piping infrastructureassociated with high investment
costscan be minimized or avoided

For reuse of wastewater, two innovative technologies for direct treatment of sewadmgeh
will be powered by solar enerdyave been set up an@perated atpilot-scde.

On the basis of redlme, online measurements, it has been confirmed that even an arda
very limited water storage and water supggssibilitiesshould be able to develop into a net
producer of freshwater. Based on the findgfgom the case stug, a comprehensive basis for
a conceptual design of a fidtale application of 50000 n¥/year has been developed. The
water can be used for irrigation or for drinking watIpply andndicates that an area that
currently has very limited possibilitieof water supply could beransformed into anet
producer of fresh waterproducing enough for both the local areand exportng to
surrounding areas.

3.5.2. Motivation for implementing circular economy
solutions in the water sector

The need foalternative water supply solutions at Gotland is related to increased population,
increased tourism, increased need for irrigatiand the effects of climate changehich gives
longer cultivation seasons and a higher risk for droughts during summaetditica, the lack

of snowmelt duringspringtimeprovidesless replenishment of groundwater. Due to the flat
landscaperelativelyfew lakes, the tin soil and the solid lime rock underneath, the possibilities
for storing water from the wet winter to the drysummer is highly limited. This is especially
true for the peninsula Storsudrgivhich isprobablythe most challenging part of Swedén
terms ofwater supply.

The solution, so far, has been to invest in a larger desalination plant 45 kilometersafiorth
Storsudret.The freshwater produced by the desalination pldrgcomes sewageafter use
However, thewastewater treatment plant at Storsudrét not online, therefore the sewags
pumped 25 km north to a centralizaWTR and then returned to the seavhere it mixes

with chlorideswhich mustbe separatedorior to processing in theesalination plant. If the
sewage could be reusedrior to being mixed with chlorides, the energyequired for
desalination woulddecrease. In additionenergy for long distanceumping could also be
reduced if the sewage could be treatedloser to where it is producedTherefore,
development ofanenergy efficient and local, direct reuse of sewage is highly attractive.

The aim of the case study Gotland at testbed Storsudr&t show how a region with low
ability to store water for the long, dry summer season could be a net producer of fresh water.
The testbed will demonstrate how water could be collected, storedsed,and infiltratedto

feed the municipal water supply systeand be reused imeal estate and irrigation of crops
and gras Figure49).
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Figure49. The aim of the Gotland castidy that will demonstrate how water could be collected, stored, reused and
infiltrated for feeding the municipal water supply system, real estate and farm irrigation.

3.5.3. Actions and CS objectives

Case Stud
number &
name

#7
Gotland

Location:
The
peninsula
Storsudret

Table49. Actions and objectives tife case study in Gotland.

Subtasks

SubTask 1.2.1
Demonstration
of integrated
management of
alternative
water sources

Technology
baseline

NextGen
intervention in
circular
economy for
water sector

Capacity

Quantifiable
target

Real time
measurements The
of the water measurement
balance; have show
No control of L
precipitation, that the need
water balance N
flow in ditches, for water
surface and >2 000 000 supply (400
groundwater 000 m3/year | 000 m3/year)
levels. could be met
. Innovative without
Rainwater .
. floodgate for import of
flushing out to .
storage of desalinated
sea througha @~ .
. rainwater in a water
ditch
lake
Reused
Sewage wastewater
pumped 45 for technical

kilometresto
a conventional

applications or
for further

programme under grant agreement RF6541

biological treatment by
WWTP and Direct reverse
disposed to membrane 1 m3/h 0sSmosis to a
the sea. filtration of drinkable
sewage quality.
Desalinated Concentrate
tap water remaining for
pumpedthe conventional
reversed treatment 1/5
direction. of origin
volume.
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3.5.4. Unique selling points

1 Theuse ofa uniqgue measurement systelased on reatime sensors for precipitation,
waterflow in ditches and groundand surface water levelsas clearly demonstrated
the potential for introducingalocal and sustainable e water suppbtontrolled by the
same advanced measuremesystem.

1 The obtained results from the unique measurement system clearly showsthbat
installation of aninnovative automatic floodgatewill increase thenatural storageof
water from winter to the dry summer season.

1 Thepilot demonstration of membranefiltration of municipal sewagehat is not pre-
treated by a conventional WTPhas shown thathe use of adecentralisedwater
reclamationsystem producingvater at drinking water qualityjevelsis arealisticway
forward to the introduction ofcircularwater supplysystems

1 The pilot demonstration of water reuse from sewage also shows artreased
potential for energy and nutrient recoverjrom municipal wastewater Optimisation
including all the relevant actors (governneas potential resource managers and
citizens as producers and receptors)

3.5.5. Principal characteristics of the technology

The overall ambition of future wastewater management is to turn tagdipear wastewater
treatment plants into production units for energdfgrtilisersand fresh water that fits into the
circular economy. The sewage will no longer be seen as waste but rather as a resource, a raw
material (seg-igures0).

Greenhouse ; o \

Nutrients N
gases , _ Fossil-free,
/ Carbon

e’ - ] (VFA)
pummss=—_2  Production facility . E
Raw ° /‘\ [

material

;#aftﬂ; Wastewater =
Waste- |~ treatment plant. | Effluent

wa U (Waste water) Water reuse ,,’
\ 4 NS —— /
N 48
N .
Energy  Sludge S, - L. Optimisation__

Figure50. Today’s WWTP will be turned into production units in the circular economy that produces fossil free fertilizers,
fossil freeenergy and fresh water.

Today sewage from the case study area Storsudret is pumped 45 kilometers north to a
conventional centralized wastewater treatment plant \WWWP). The treated wastewater is
disposed in the Baltic Sea where it is mixed with chlorices.id8 kilometers south of the
WWTP a desalination plant separates the chlorides and produces a recovered water that is
pumped in the opposite direction (south) back to Storsudredr@skingwater. This route and
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the processes involved (pumping of sewagastewater treatment mixing with seawater
desalination pumping ofdrinkingwater (Figure52)) is estimated to consume 10,5 kWhim

The innovativeNextGenmembrane system is based on direct recovery of sewage, without
pre-treatment by conventional biological treatmentFigure 51). There are two main
advantage®f this solution Figure52):

1) The water can be reused locally whe