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Executive Summary

TheZER@RINBEproject demonstrates new configurations to recover resources from saline impaired
effluents (brines) generated by various process industries, while minimising environmental impact of
industries by minimizing saline wastewater discharge. The watatrtrent system consists of both
commercially available technologies, and recently developed technologies. FERERINEproject

in several deliverable reportshe environmental, economic, and social impacts of its technologies are
presentedand discussd.

The aim of this Deliverable 7.2 is to provideanparisonbetween the demonstration locations and

to provide a technical assessmeartrossthe various setups. In order to do so, a set of indicators is
designed to make the comparison transparent aait.fAfter the technical assessment, a discussion
and reflection is providedAll locations show that a treatment configuration consisting of various
technologies can deal with several types of brine water. This shows BHRIODBRINEstems have the
potential to act as utility providers to different kinds of industry and also act as an intermediate
between industries to make industrial symbiosis happen. The differences in outcomes also show that
for each new waste water type, process designs need to beenaad optimization is necessary to
adapt ZRO BRINgystems to other industrial contexts.
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1 Introduction

TheZER@RINBroject focuses on developing innovative recovery solutions to close the loop of saline
impaired effluents (brines) generated by the process industry. It aims to eliminate wastewater
discharge and minimise environmental impact of industrial operationsujin the integration of
several existing and innovative technologies. These technologies are targeted to rhigveuality

end products with high purity to provide optimum marketlue.

ZERCBRINEherefore aims to close the loop of these problematffiients through the recovery of
water and valuable components of thfluents that include minerals (e.godium chloride, sodium
sulphate), regenerated acids, caustics, armgnesium. ER@RINEonsists of four case stugyojects
to develop and demorigate the ZRMRINEBystemsaunder differentindustrial circumstances:

a. Demineralizedvater effluentin TheNetherlands.
b. Coalmineeffluentin Poland.
c. Textileindustryeffluentin Turkey.

d. Silicaindustryeffluentin Spain.

In Deliverable 7.1, the Unified approach is presented in whichatfygoach to thedemonstration
locations is presented, in Deliverables 7.3 and 7.7 the results of the case sitedgesented in detail.
This reports takes the results of the followingnkgackages:

1 Deliverable2.6: Reporton the operationandoptimizationprocessf the pilot plantsat Botlek

91 Deliverable3.5: Reporton the operationandoptimizationof the pilot systemfor treatment of
coalminewater.

91 Deliverable3.8: Reporton the operation & optimizationof the pilot systemdor the treatment
of textile effluents

91 Deliverable4.5:Innovativecirculareconomyprocessn the precipitatedsilicaindustry:design
andperformance
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The rest of this report consists & dhort description ofthe demonstration activitiegnd their main

outcomes based on the documents mentioned aboWéis description is used tweatea technology

assessment overview. From that a reflection is given on the common eleméhis the case studies
and thetrandfer of that insightto the other deliverables of Work Package 7

The objectives of this report are

1. Collectthe technicalachievement®f the four demonstrationlocations.
2. Assesandcomparetheseachievementanddiscusdimitationsand potential.

3. Deliverinput for further sustainabilityassessmenin other Deliverableof ZEROBRINE.

2|PAGE
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2 Methodology and approach

This report compares th22RO BRINdystems of four demonstration locatiotisat require different
configurations of technology that depend on themposition of the individual brines, as well as the
elements targeted for recoveryThis comparison should lead to insigoh how ZERO BRINE
technologies pdgorm under different circumstancedhisdemandsa technology assessment thedn
addressvariationsin context,andthe overlap and the differences between the locations. In order to
do this in a methodological way, a technology assessment is chosen described by Harfis teeal.
context of the Industrial Symbiosis inspired Centre for SustairRédeurce Processifigarris, Corder,
Beers, & Berkel, 20063eeFigurel.
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4) Reports: Techologies for regional synergies (water, heat & material)

Deliverables

3|PAGE



)

ZERO BRINE

According to thig-igurel, considerations to assess the existing and new technologies are:

Treatmentrequirements/qualitycriteria.

Operatingparameters

1.
2
3. Technologyimitations.
4. Suitability

5

Cost

In this ZER@RINE Work Packagdh& environmental, social, and economic factors are taken into
account.In the Work Rckages 2, 3, and 4 all operating parameters are discussed in detpiesented
in the previous chapter

28§ AYUGSNIINBG (KL Figuréd K@éfersa tiwthiithed sodiak dicéefanck yand the
environmental performance, this means that this topic will be taken into account in ddierables,

Fa ¢Sttt | a Kdéndewd tia e the fiysand &i&l consilefation will be used to

compare the technologiedy filling in the following tableTablel ¢ Technology assessment tabla

GKS O02fdzyry W¢SOKy2f238Qr GKS ONBIGYSyld adSLia oAt
F2dz2NJ RSY2yaiNrGA2y t20FGA2yade ¢KS WeNBIFGYSyd wS
NEO2@SNE (GKIG A& 200 WoaSRA RY /(INISHT SNENISNA Y S aidbK &
FYR / hu NBRdzOGA2Y 2F GKS LINROS&aasSaod 2KSy | LILX AO!I
By completingrablel, the considerations for current and future technologies are provided that are

the basis for the technical evaluation of the demonstration locations.

This completion will be done throughout the report, and the final product is in Tal8&6ée thiss an
assessment focussed on the outcomes of experimental workyilok for treatment achievements
(the outcome of the experiments) and quality requirements (the technology performance).

Location Technology QualityAchieved | Treatment Technology
Achievements Limitations

The Netherlands
Poland

Turkey

Spain
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3 Results of the demonstration locations

First a short description of theER@RINElemonstration locations is giveagainhere is referred to
the other Deliverable reports that provide the necessary details for understanding the technologies
and the underlying choices.

3.1 Demonstration locationThe Netherlands

In The Netherlands, the demonstrationgerformedin two locations calledSite 01 and Site 02. Site
01 pilot treas the regeneration effluent (spent regenerant) of the softening ion exchange unit of the
Evides DemigralizationWater Plant located in Botlek industrial areseeFigurel. Site 02 pilot treat

the reverse osmosis concentrate stream of the Evides DemalizationWater Plant located in Botlek
industrial areaseeFigure3.

¢ Regeneration Solution
(NaCl h stream)
Feed Water Clean Water
) —_—
IEX - Evides ey B Seage
Tack -
Beine Streams —b NFI~ Leantech [ —px —
! —
v
Buffer Tank
in Evides Site

(Brine) J.

¥

§
Buffer Tank g X 7
Jw_wh—; in ZERO BRINE site % 1 / \ ]
(Brine) g [ \
Brine transport to + ) "c \

ZERO BRINE site UNIPA | g }\
NaOH ﬁ-o Crystallizer [=——— \Mg(OH)2 INTUA - Evaporatoy
Stage 1 | Clean
Water
A Buffer Tank |
» i T TNIPA
< ) NaOH _l,. Crystallizer 4_' Ca(OH)2
Process Stream Stage 2
e l— =
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In Table2, the consolidatedresultsare givenfor the ZERCBRINEystemof the DemineralizedVater

Plantin Rotterdam.

Table2 ¢ Consolidatedresultsof the demineralizedwater plantin TheNetherlands

Reductions in
Water

15-20% reduction in water
withdrawal

6|PAGE

Emissions

>98% reduction of brine
discharged to the
environment (>2.5 million
m3/year)

1,012 tons/year CO
emissions or 14% GO
reduction by recovering
minerals, salts, and clean
water

Energy

Thermal energy required
for the evaporation
process can be supplied
by waste heat/residual
heat of neighbouring
industries

44% less energy used by
MED evaporator when
compared to conventional
methods

Recovered resources:

92% water recovery for internal
use (demmeralizedwater)

6.2% IEX regeneration solution
recovery for internal use (>3.1%

purity)

94.7% Calciurilydroxide
recovery (Ca(Oh))for external
valorisation (>95.6% purity)

87.8% Magnesiurhlydroxide
recovery(Mg(OHj) for external
valorisation (>88.9% purity)

93%SodiumSulphate recovery
(N&SQ) for external valorisation
(unwashed: 94.6% purity)
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Demonstration location Poland

Ly t2fFyR I LAft20 LXFyd Ay GKS a&.bedn&aréiedéThd YAl O
tested system consisted of pretreatment, ultrafiltration, decarbonization, nanofiltration, reverse
osmosis, and electrodialysisee Figure4. Recovery of magnesium hydroxide was tested in both
conventional precipitation with slaked dolime suspension and crystallization witkexohange
membrane.Therecovery sodium cbkide using eutectic freeze crystallization has also been tested.
The proposed setup is as follows: the brine pretreated with ultrafiltration is subjected to the first pass
of nanofiltration (NF1); the permeate is subjected to a secpass of nanofiltratin (NF2)The NF2
permeate is fed to the ybrid reverse osmosis (RO), from which the RO permeate is recovered, the ED
concentrate is fed to a modern evaporator (MED), thediilDe is recycled back to RO.
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Figure4 ¢ Demonstration location Poland
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In Table3, the consolidated results are given for the coal mine demonstration location in Poland.

Reductions in Recovered resources:

Water Emissions Energy

n.a. 92.8% reduction of 33% energy reduction 90.6% water recovery
Sodium Chloride (NaCl) (demineralized water)
discharged to freshwater
resources 92.8%Sodium Chloride (NaCl)

recovery (99% purity)
347 kg C@/ton Sodium
Chloride NaC) or 32.5% 94.9%MagnesiumHydroxide
CQ reduction recovery Mg(OH) for external
valorisation (97% purity)

0.84 kg/n¥ Gypsum for external
valorisation

The developedZERO BRINE systkroated at Zorlu Textile Industry (Luleburgaz/Tekirdag/Turkey) was
operatedin the field of manufacturing polyester yarn and cotton home textile produtiesystem

was designed for the treatamt of reverse osmosis (RO) retentate of Zorlu Textile to recover recyclable
salt as well as reusable water streams. The TPS comprised of a primdrgagbneent as well as a
secondary concentration and softening stageeFigureb. The pretreatment was designed to remove
impurities in the RO retentate, whereas, in the following stage the pretreated RO retentate was
concentated and further softened to conform to the textile dye processes prerequisites. Along these
lines two different configurations were tested: 1) IEX softening the NF permeate, which then was
concentrated by RO, 2) RO concentrating the NF permeate, followHeX softening the RO retentate.

8|PAGE
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InTablel ¢ Technology assessment tablbled, the consolidated results are given for tBERO BRINE
system at theextile plant in Turkey

Reductions in Recovered resources:
Water Emissions Energy
7% reduction in total 90-95% reduction of brine n.a. 70-80%water recovery from
freshwater consumption  discharged to the brine treatment system for onsite
or freshwater abstraction environment use
by 123,000 tons/year
150-200 tons/year C® 600-700 tons/year of Sodium
reduction Chloridefor onsite dyeing of
textiles

Industrias Quimicas del Ebro (IQE) in Spafreidemonstration sites of ZERO BRiNEelation tothe
precipitated silica industry. Aéte effluents containing high concentration of salts (saline
wastewater) are treated by a concentration step with regenerated membranes followed by a
crystallization step in which sodium sulphate is recovess@dFigure6. Permeate had an adequate
guality to be reused in the production process as process water and the concentrate was the one

9| PAGE
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submitted to the crystallization step for the recovery of sodium satphAfter a pretreatment to
removeAluminium and Ironthe concentration step consisted in the use of regenerated membranes
to obtain water at a suitable quality to be reused and a brine witkS@aas concentrated as

possible.

Y
Detergentindustry
Glass Industry

Desalination — = —=» RO Membranes | Kraft processor

Na,SO,

20kg/m?3 of
wastewater

Fuel NaOH H,SO,

l Crystallization

Raw _ |
materials 1

PRODUCTION PROCESS Saline Wastewater 80% water

[353(;3/0;\0 it NF recovery
=208
[Na]=9g/L

—l Al, Si...
& >75% water|
4 recovery

Precipitated Silica

Water
Regenerated
membranes

Water Recovery >90%

Figure6 ¢ Demonstrationlocation Spain

In Table5, the consolidated results are presented of the silica plant in Spain.

Table5 ¢ Consolidatedresultsof silicaplant in Spain

Reductions in Recovered resources:
Water Emissions Energy
30% reduction in overall  100% reduction of brine  72% reduction by waste = 75-90% water recovery suitable
annual water discharged to the heat (REitectic Freeze for internaluse
consumption at IQE environment Crystallizatiortechnology
compared to direct 90% recovery of@lium Qulphate
60% reduction ofodium  evaporation) (N&SQ) or 20,000 tons/year for
Sulphate (NaSQ) external valorisation (>99%
releases into the Ebro purity)
River

Sodium Kdroxide (NaOH) (94%
purity) and sulphuric acid ¢3Q)
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6,000 tons/year CO (72% purity) for external
reduction or 5 kg C#m3 valorisation
of wastewater

4 Technology assessment of the results

According to the reports on the experiments in tf@ur demonstration locations, the following
overview can be made in the overview table as presented in Ch&dtiethodology and approach
Tablel. The results are given Trable6 after which the assessment is discussed

On the next pages, the overvieWable6 ¢ Technologyassessment tablavith results from four
demonstration locations In the table, the comments related to heat exchange are givéolmhand
will be discussed later. The reduction of brine water and salfpagsented ingreento highlight the
reduction capacities of the several locations. Also the water recovery is presengegkirto underline
the importance of water recovery in the systemsréd, the technical limitations are given, which are
also disassed afterwards.

11| PAGE



Table6 ¢ Technologyassessmentable with resultsfrom four demonstrationlocations

Location
Demineralized

Technologies
Nano filtration

Water Plantg Crystallizer
The Netherlands Eutectic Freeze Crystallizer
Evaporator

Multi effect distillation evaporator
Reverse Osmosis

Coal Mineg
Poland

Nano filtration
Reverse Osmosis
Electro Dialysis

12| PAGE

Quality Achieved
15-20% reduction in water withdrawal

>98%reduction of brine discharged to
the environment (>2.5 million
m?3/year)

1,012 tons/year C&emissions or 14%
CQ reduction by recovering minerals,
salts, and clean water

Thermal energy required for the
evaporation process can be supplied
by waste heat/residual heat of
neighbouring industries

44% less energy used by multi effect
distillation evaporator when comparec
to conventional methods

92.8% reduction of Sodiumhride
(NaCl) discharged to freshwater
resources

347 kg Ce/ton Sodium Chloride
(NaC) or 32.5% Cgreductionoverall

33% energy reduction

Nano filtration can be safely operated
at highpermeate recovery (80%),
without the observable scaling

TreatmentAchievements
92% water recovery for internal use
(demineralizedwater)

6.2% lonic exchange regeneration
solution recovery for irgrnal use
(>3.1% purity)

94.7% Calciurhlydroxiderecovery
(Ca(OH) for external valorisation
(>95.6% purity)

87.8% Magnesiurklydroxiderecovery
(Mg(OH)) for external valorisation
(>88.9% purity)

93%SodiumSulphate recovery
(N&SQ) for externalvalorisation
(unwashed: 94.6% purity)

90.6% water recovery (demineralized
water)

92.8% 8dium Chloride (NaClyecovery
(99% purity)

94.9% MgnesiumHydroxide Mg(OH)
recoveryfor external valorisation (97%

purity)

0.84 kg/n¥ Gypsumfor external
valorisation The application of
intermediate gypsum precipitation in
the two-pass nano filtration is a
necessary step in order to achieve sa
recovery higher than the reference

Technology Limitations

The target purity forMagnesium
Hydroxide Mg(OH}) crystals was not
always achieved due to the eo
precipitation of CaC@

Eutectic Freeze Crystallization was nc
always possible.

n.a.



Location
Textile Factong
Turkey

Silica Factory,
Spain
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Technologies
Ozone oxidation
Nano filtration
Crystallizer

lon Exchange
Reverse Osmosis

Nano filtration

Crystallizer

Reverse Osmosis

Eutectic Freeze Crystallization
Evaporator

Quality Achieved
7% reduction in total freshwater

consumption or freshwatewithdrawal

by 123,000 tons/year

90-95% reduction of brine discharged

to the environment

150-200 tons/year Cexeduction

30% reduction in overadinnual water

consumption

100% reduction of brine discharged tc

the environment

60% reduction of Sodiurruphate

(NaSQ) releases into the Ebro River

6,000 tons/year C&reduction or 5 kg

CQJ/m3 of wastewater

72% reduction by waste heat (EFC

technology compared to direct
evaporation)

TreatmentAchievements
70-80% water recovery frontorine
treatment system for onsite use

600-700 tongyear of Sodium Chloride
(NaClyor onsite dyeing of textiles

75-90% water recovery suitable for

internal use

90% recovery ofodium Qulphate
(N&SQ) or 20,000 tons/year for

external valorisation (>99% purity)

Sodium ldroxide (NaOH) (94% purity
and SulphuricAcid (HSOs) (72% purity)

for external valorisation

Technology Limitations
n.a.

n.a.
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In Table6, the overview is provided for the four demonstration locations. Based on this table, the
following observations can be given:

1. TheZEROBRINgystemsare designedfor and adaptedto the specificcircumstancef the
demonstrationlocations.Thisshowsthat the approachis flexibleand canbe optimizedfor the
guality requirementsthat are needed per location. The main elementsof the ZEROBRINE
systems(nano filtration or reverse osmosis)are tested under severalconditions and the
experimental results are discussedextensivelyin the severalwork packagereports. This
information canbe helpfulto usethe technologyin new contextsaswell.

2. Inallcasesthe brine or saltdischargdo the environment hasimproveda lot. Thisdiffers per
location,becauseof the specificationf the brine intake, but in all locations the reductionof
brine discharges above90%or in the Silicaindustry100%.In three out of the four casesalso
the intake of clean water is substantialljower. Onlyin the coalmine case we do not seethis,
but that is becauseno intake of freshwater happenedherein the first place,all water intake
isthe saltminewater.

3. Therecoveryof water is above70%in all casesjn the demineralizedwvater plant evenabove
92%.Thismakesthe project a great exampleof closingthe loop and it alsomeansthat the
water cyclescanplayanimportant role in the realizationof industrialsymbiosis.

4. Inallcasesmineralsarerecoveredwith good qualityandhighpurity, for more detailson this,
seethe reportsof Workpackage£, 3, and4. Andalsothe deliverablegelatedto the business
models,Work packageB. In Deliverabled.3it is discussedow the mineralsmeet the quality
criteria for sellingexternally. The recoveryof the mineralsis an important elementin the
achievemenbf alocalcirculareconomy With the commentabove it meansthat ZEROBRINE
canboth serveindustrialsymbiosisand circulareconomy,makingit a veryinterestingtool for
sustainabledevelopmentof variouskindsof industry.

5. Thefour locationsalsoshowa reductionin CO2emissionswhichis alsoan indicator for the
energyefficienciesof the processSinceall locationsstill canbe optimizedin terms of energy
integration,like the severalreportson the work packagedllustrate,the CO2emissionsanbe
reducedevenfurther in full scaleoperation.In both the Dutchcaseandthe Spanisitase the
possibilitiesfor heat exchangeare studied. An integration of the ZEROBRINgystemin an
existingheat exchangenetwork will have a positiveimpacton the CO2emissionsin Poland
andTurkey this heatexchangésnot possibleat the moment, but this couldbe aniceaddition
to operatethe brine treatment systemsn a more sustainablemanner.

6. Theexperimentsin the four locationsalsohave shownlimitations, asindicatedin the table.
Further experimentationis necessaryto show under which conditionsthe EutecticFreeze
Crystallizatiorcanwork andwhat hindersits applcability. Thesamecanbe saidabout the co-
precipitationof Calciunthat canhinderthe productionof ultra-pure MagnesiumHydroxide.
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In conclusion, we want to state that the ZEROBRINE systems can contribute to closing the cycles in
chemical industry, Bta industry, coal mine, and textile industry. Its sysfmrformance is dependent
on the composition of théntakewater and whether recovery balances increased resource use of the

ZEROBRINgystems.
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5 Concluding remarks

The main objective of this repis to collect the outcomes of the four demonstration locations of
ZEROBRINE, in order to do a technology assessment and to have a discussion about what the
experiments have in common and how they contribute to circular economy. The main result to meet
this objective is the assessment table in Chapter 4.

The technology assessment as presented in Chapter 4, shows overlaps and differences in the four
demonstration locations. All locations show that a treatmeahfigurationconsistingof various
technologies can deal with several types of brine water. This showsZBRIOBRINE/stemshave

the potential to act as utility providesto different kinds of industry and also act as an intermediate
between industries to make industrial symbiosis happeme diffeences in outcomes also show that
for each new waste water type, process designs need to be made and optimization is necessary to
adaptZEROBRINgystems to othemdustrial contexs.

In conclusion, we like to state that ZEROBRINE systems contribute itay dlus cycles in chemical
industry, silica industry, coal mine, and textile industry. Its system performance is dependent on the
composition of the intake water and whether recovery balances increased resource use of the
ZEROBRINE systems.
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