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(), Brine discharge problem

S
S

* Brine = high salt concentration in water (mainly NaCl)

* Produced = desalination plants, industry (chemical, coal mine, textiles, food etc)

* Brine discharge = Tones of salts and water are released to surface water bodies, sea
or WWTP

Problems:

- Pollution of surface water bodies and sea (flora and fauna changes, limiting
possibility to use river or lake water for agricultural, industrial and muni
purposes creating social, environmental, economical problems

- Salination of soils (agricultural problems)

- Degradation of underground water bodies

- Accumulation of chlorides and sulfates
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.. Brine recovery

* Tones of recovered salts could be reused by industry (some of them are in the EU list
for Critical Raw Materials e.g Mg)

e Other valuable-high market price materials could be recovered apart from salts (such

as biomolecules from food industry brines)
* Decrease of energy consumption and CO, emissions (less energy is used for th
recovery of salts from brines compared to their conventional productio
* Millions of water m3 could be reused for agricultural, industry an
purposes.
* Avoid water scarcity

e Better status of soil and water bodies
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b Timeline of UEST European Projects on brines
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March 1, 2010 June 1, 2017 September 1, 2020

. _ _ Zero Brine Horizon 2020 Water Mining, Horizon 2020
Sol-Brine Life PTOJQCt project, treatment of treatment of brines from
System for desalination brines from silica, textiles, chemical industry, WWTP
brine treatment desallnatlor; industry and and desalination plants
coal mine

A

") ZERO BRINE (B water

March 30, 2017 October 1, 2019
Green Awards, the best Brine Mining Life project
Life project of the last System for the treatment

25 years of coal mine brine



o~

X  Sol Brine-General Information

“Development of an advanced innovative
energy autonomous system for the treatment
of brine from seawater desalination plants”

Bl Municipality of Tinos Island
(Project Coordinator)

1,209,689.00 € 604,844.00 €

39 months

01/10/2010 31/12/2013



{. Innovative aspects

K. 5

Total brine elimination: The system has been designed in line with the Zero Liquid
Discharge principle

Water Recovery: (> 90%)

Production of useful end-products. (a) water of high quality and (b) dry salt. Products with
market opportunities.

Energy autonomous operation: Solar thermal collectors are used for delivering
and a PV for electricity. All energy requirements are covered exclusively thr
solar energy.

Use of state-of the art technology: Custom designed vacu
(evaporator and crystallizer) and solar dryer.
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SoI Brine-EU Green Awards
The Best Life Project of last 25 years
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4 Zero Brine
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) ZERO BRINE

“Re-designing the value and supply chain of
water and minerals: a circular economy approach
for the recovery of resources from saline THE ZERO BRINE PILOT PROJECTS
impaired effluent (brine) generated by process i
industries”

Project Budget: EC Funding:

11,078,222 € 9,992,209 €
Duration: Start date: End date:

54 months 01/06/2017 30/11/2021




Zero Brine-Partners
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Q NL Pilot in Demineralised Water Plant EVIDES

“EVIDES provides tones of drinking water and
water for industrial use in the Netherlands. Tones
of brines from its demineralized processes are @

discharged in Rotterdam port sea”

* Magnesium and Calcium from brine

* Sulphates removal

* NaHCO,

* High quality water

* High concentration
NaCl solutior

ol | 'l-'-—" iiFJ!!Hl' the rege
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NL Pilot Process Flow Diagram
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Chemuca Plant
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NL Pilot results

 Caand Mg removal of around 93%
* Purity of recovered Mg crystals is 84-90% and Ca crystals is 93-99%

 Water recovery of about 90%

* Quality improvement of end products would have positive impact on annual
revenues (3,000,000-8,000,000 €/year)

* Avoiding environmental penalties due to brine discharge

* |Internal valorization of NaCl solution
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\._. ESPilotSilica Industry
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“IQE produces a brine with high

concentrations of NaCl, sulphates, * Na,50, recovery
color and impurities” * Clean water to be reused in
the procedure
// e System coupling with waste
heat

e Circular econom

H NewXe



ES Pilot Process Flow Diagram

Detergent industry

Glass Industry
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§. . ESPilot Results

« 0,9 m3 of water recovered / m3 of wastewater treated

- 20 kg of Na,SO, / m3 of wastewater (about 90 %)

« Use of waste heat
« Economic benefits

- Environmental benefits (water consumption reduction at IQE: >70%



/... Brine Excellence Centers (BEC)
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v Netherlands, Poland, Italy, Greece and Spain

n—

v Shared use of technologies

v' Shift towards replication roadmap and activities Greece BEC
National Technical

v Three follow-up projects University of Athens

v Simulation software at DLR online available

I
I I I Mz -
The Netherlands BEC ITALY BEC POLAND BEC

DELFT University of University of Silesian University of
Technology Palermo Technology




Online Brine Platform developed by NTUA

B i ™.
On-line matchmaking of &L %L @

- brine owners with technology providers BRINE OWNER NNERAL/VATR TEHAOLOG

- brine owners with salts or water end users l+’

Database with more than 200 brine producers in

the Netherlands ONLINE BRINE

PLATFORM

Salt users from 5 large industrial clusters are
registered

Workshops about OBP and Zero Brine results in FOUND MATCH

the Netherlands, Italy, Spain, Poland

Athens Workshop: Zero Brine results, OBP
registration and use by stakeholders in Greece and

Cyprus ZERO BRINE

CIRCULARITY

i
=
!
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e Brine Mining-General Information

“Demonstration of an advanced 1l
VIBRINE {83 MINING

technique for eliminating coal
mine wastewater (brines)
combined with resource recovery”

EC Funding (LIFE+):
3,508,365 €

Project Budget:
6,383,847 €

End date:
1/03/2024

Start date:
01/10/2019

Duration:
54 months

* *
* - *
*Z/Z{a,
* *

'k**



(), Partners

IBRINE {83 MINING

Coordinating beneficiary

2% National Technical
l University of Athens

Beneficiaries
Nl GLOWNY INSTYTUT
Gl . GORNICTWA

Lennrech LENNTECH

Trearment Solurions

Silesian University of Technol

NEVIS-NOVEL

1 1 GEPMOZQA
Environmental Solutions S.A.

SEALEAU B.V.

SEALEAU




A, . The problem
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 ECaims to eliminate the electricity production from extracted coal.
 The total hard coal production in Europe in 2015 is 100 Mtones.

e Poland is the dominant producer in EU (approximately 72% of total European

production).
* Coal mines generate vast amounts of saline water.
* Direct orindirect drainage of these streams to water bodies.

* Ecological status of rivers: moderate.

Vistula river: 55% of fresh water in Poland

Vistula salination:150-200 million S per yea

transport).



_;‘xw Main Objectives

Economically viable, innovative system for the elimination and full recovery of resources

included in the coal mining brines.

A system able to treat and directly recover end-products (minerals/salts and wate
high quality and purity.

End-products that satisfy market specifications.

Water Framework Directive (WFD) and the Circular Econom

To decrease the energy consumption compared to c
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(). Demonstration of plant location
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(). Water Mining-General Information

S
“Next generation water-smart management systems:
large scale demonstrations for a circular economy and society”

EC Funding (LIFE+):
16,876,959 €

Project Budget:
19,097,946 €

End date:
31/08/2024

Start date:
01/09/2020

Duration:
48 months
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~ General Information

Water: The most important resource across all supply chains.

Three forms: as resource, as consumable, as durable.

Resource: need to find alternative sources of water
(desalination plants in Italy and Spain)

Consumable: water reuse must be maximized (WWTP
effluents treatment in Spain, the Netherlands and Cyprus).
Durable: water must be kept in a close loop promoting

Liquid Discharge (Hexion case in the Netherla



Desalination and sustainable brine management

- N _' SN TS A

PSA SPAIN

_ ‘e
SN » Y[
, é":‘\“‘/’\‘ ' R v’_v.
f Z D AT :
) ' e b
| TRl )
. ‘ %S
& : . -y .5 g W »
3 i 0. R
‘?p - v - N K
%% % Aaunevrovla &

5
& NN
Meyaho ttahikovnol Cala:Cretal
. IEINOULXEGITAPaNES { $

v : ~a
VR 4y .

\ ’ N

- o ‘ . s > N :': . -
AN ) |
L i L " &1" g\ \-)

SN llampedusa s Sl o
A N\ ¥ ‘_'«%mpe‘dusa
Airport “
- =

¢':o

‘i‘l x ' CalalErancese
L



il
C ~
it

&

@ ¢
. ‘l

<

- Desalination and sustainable brine management

\

A
" targets

* 50% of energy requirements will be covered by renewable energy,
* water recovery = 90 %,

* magnesium purity > 90 %,

* sodium chloride purity > 90 %

* reduced energy requirements for seawater desalination process by



-~ Demonstration for phosphorus, water, salt and

™ ‘( \
3

2y energy recovery from urban wastewater
(LARNACA-Cyprus, ACSA-Spain) _




\ . Demonstration for phosphorus, water, salt and
Q energy recovery from urban wastewater

* Phosphorus recovery.

Mg, Ca, and NaCl recovery.

* High-quality water
e Anaerobic digestion as a cost-effective technology to recover energy (as biogs
* Two-stage biological process, performing partial nitration and anam

effective alternative to remove nitrogen at mainstream conditi



Way forward in brine management and circular
economy.

Gained knowledge could be applied on a large-

scale sea water desalination project

(demo capacity > 100 m3/da




WASTE2BIO & CIRCtorBIO: EIZATQMNA

e Ta teAevtala xpovia To TTOLYKOOMLO AN KOl EUPWTIOKO evOLadDEPOV EXEL OTPpAPEL OTNV
TTOPAY WY EVAANAKTIKWY KOl AVOVEWO LWV KOUOLUWY EVOVTL TOU TIETPEAALOU KOl TWV
TPOLOVTWVY TOU yla AOyouc TtePLBAAAOVTIKOUC, OLKOVOULKOUG KOl KOLVWVLKOUC.

e BlokavUolpa: koUoLuo ta omoia mpogpyovtat amo tn Blopala. Qc Blropala opiletol to
BLoaTtOLKoESour']otuo KAQOA TIPOLOVTIWY, amoBANTWVY Kal KOATAAOLTWY TTOU TTPOEPXOVIQL
TLC VEWPVYLKEC, OUTIEPLAAUBAVOUEVWY PUTIKWV Kol {wLKWV OUCLWYV, TLG 50LGOKO|J.L
ocuvadeic BLOUNYOVLKEC Gpaotnptorntsq, KalBwg Kal To BLoamolkodouUNoLUO K
Bropnyavikwy amoBANTwY Kol 00TLKWV AUUATWY KoL QTP PLUUATWY. (TT.X.

* BroanoBAnta : Bloamodounotpa amoBAnta KAMTWY Kol o
amo TPodEC, HOYELPElQl KOl VOLKOKUPLA, €O0TLO
KOATOOTNUATWY ALAVIKAG TTWANONG Kol TOPEUDE
eneéepyacioc tpodipwv.



Finished Products and Consumer Goods

Alaypappa pong npoloviwy amo npwteg UAeC Baotopevec oto NMETPEAAIO
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TEXTILES
. Sarppet * foam cushions
* fabrics . srapes
* fabri *L
o~ ric coatings, yera, spandex
SAFE FOOD SUPPLY
* food packaging * beverage bottles

! atives - ap Imll«.s
mm pesticides bequp can coatings

* refrigerants * vitamins
Y

TRANSPORTATION

* tives * carseats

* anti-freeze * belts and hoses

* molded plastics * wiper fluid

* gasoline additives * bumpers

HOUSING

* pai = cements

* resi ». ings, shes

: :?d:% - coatings, varnis]

* fiberglass insulation * adhesives

RECREATION

* athletic footgear - wet mi:\‘d i

. Cl ipment .t
mpa;qs:.nm guir?e:pnpment

* camera and film * camping gear

COMMUNICATIONS

* molded pastics e 5 ils

. en;:tpder. phonecasings  * !:E i

* optical fiber coatings * dyes

* liquid crystal displays * paper products

HEALTH AND HYGIENE

et = : nzdml,dainl

* cosmetics . produds

' * disinfoctant

* phammaceuticals * aspinin

Petroleum product line
K Natural gas product line
E SO, productline

Catalytic Process @

Figure 2 — An Example of a Flow-Chart for Products from Petroleum-based Feedstocks
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Alaypoppa pong npoioviwy oo nPwTteC UAEC Baolopevec otn BIOMAZA
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Products/Uses

Industrial

Comoskan Inhibiors, dust control,
beiler water irzatment, gas
purifization, emission adatement,
specialty lubricants, hoses, sels

Transportation

Fuis, g, aniHresze, wiper
Tulds mokded plastics, car seats, bels
hee2s, DUmpers, comosion inhiblors

Textiles

Campeis, Flbers, fabrics, fabric
©0atings, foam cushions, uphoistary,
drapes, lycra, spandex

Safe Food Supply
Food packaging, pregenatives,

tertlizars, pesticides, beverage
notties, appilances, LEVerage can

coatings, Witamins

Envircnment
Water chemicals, fiocculanis,
chelators, cieaners and detergents

Communication

Muolked plastics, computer casings,
optical fiber coatings, liquid crystal
dlsplays, pens, pencls, ks, dyes,
pamer products

Housing

Paints, resins, siding, Insulaton,
CEments, coatngs, vamishes, flame
retardants, adheslves, carpeting

Recreation

Footgear, protective aquipment,
camera and fim, bicycle parts & tires,
wet sults, tapas-COE-DVD's, gof
equipment, Camping gear, boats

Health and Hygiene

Plastic eyeqlatsas, COBMmElcs,
defergants, phamacauticals, suntan
bation, medica-g2ntal progucts,
disinfiactants, a=spirin




2uvtoun Nepwypadn Epyou

TitAog'Epyou: Avamtuén ko enidelén HLag Kouvotopov pebodou
nopaywyns BloatbavoAng ano anopfAnta

Neploxn YAomoinong

Neploxng vAomnoinong:
Aot NMNamayou-XoAopyou Kat ACTtpOTtUPEYOU

Awapkela: Evapén: 01-09-2012 / Aén: 31-10-2016

AwkatovUxot Epyou:
Zuvtovioth ¢ AwkaoUxoc: EOviko MetoofBLo MoAuts

Zuunpattovteg Awkoatovyot: Anpog Marmayo
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O Baoikoi otoyol tou Epyou Waste2Bio

H edappoyn cvotripatog AtaAoync otnv mnyn ya ta froamoBAnta o
TUAOTLKEC TTEPLOXEC TwV ARpwV Mardyou-XoAapyou kot AcTtpormupyou

O oxeblaopog, n avartuén, n PeAtiotomoinon Kat n enidel€én Asttovpyiag
LLOLG TIPWTOTUTING povadac mapaywyng BloaBavoing amo BroanopAnta
(BloatBavoAn 2ns yevidg) pe tn ocuvduaopevn xprion U0 KOLVOTOUWV

TEXVOAOYLWV
* NG &Npavong Twv oklakwy BloamoPANTWV UE OTOXO TN ONUAVTLKI HElWON
NG MAlag Kol Tou Oykou autwv (LEBoSoc puOLKAG TpoKATEPYQTLaL) Kl

* NG evlUULKNG USPOAUONC Kal LUPWONG yla TNV Ttopaywyn abavoi
H peiwon tng moootntoc Twv ProamofARtwy mou odnyouv
UYELOVOLKAC Tadnc (XYT)
H mapaywyr evog teAkou mpoiovtog unAng
(BLoaBavoAn) to omoio duvartal va xpnot
EVOAAOKTLIKO OVAVEWGCLLO KAUGLUO



2uotnua dtaxeipiong BroanofAntwv Waste2Bio




20otnpa dtaxeipiong BroanofAntwv Waste2Bio (1/3)

1. AtaAdoyn Twv BroanoBARTwv otnv nnyn

o Owtakoi kadol xywpntikotntac 10 - 23 AltpwVv oTA VOLKOKUPLA TWV
Anpwv Aomtpormupyou kat MNamayou-XoAopyou

e MeyaAUtepnc xwpntkotntag kadot (120 Attpwv) eykataotadnkov
£EW ATTO TOL CULUETEXOVTO VOLKOKUPLA TIPOKELLEVOU VOl
amoppintovrtal ta npodladeypeva BloanoBANTa TwV VOLKOKU PLWV.

e EmtumA€ov oto Anpo Marmayou-XoAapyou eykataotadnkov 20 o
Enpavtnpeg BloamoBAntwy o€ EMIAEYUEVA VOLKOKUPLAL.




20otnpa dtaxeipiong BroanofAntwv Waste2Bio (2/3)

2. Zulloyn, petadopa Kat nposnesepyacio LEow ERpavong

* Ta BroamoBAnta culAeyovtal Ko HeETaPEPOVTOL O
EYKATOOTAOELC TOU EMIM amo tnv unnpeoia kaBaplotntog Twv
ANnpwyv, xpnotpomnolwvtag SopupopLka oxnuoaTa.

* JTILC EPYOOTNPLUKEC EYKATAOTACELG, TO TIPOSLAAEYUEVO UALKO
(uyiletal, kal tpododoTeital 0 ATTOKEVIPWHUEVO OCUCTNUA
¢ENnpavong BroamoBANTWV LLE OKOTIO TN LELWON TNC TIEPLEXOUEVNE
uypaoiac Tou UALKoU (armo 85% og 5% K.p.) KoL TN ULETATPOTTI) TOU
o€ npoénpapevn Plopada.

%



20otnpa dtaxeipiong BroanofAntwv Waste2Bio (3/3)

3. Biopetatponn BroarnoBAntwy (Bropalac) oe Bloat®avoAn

H ditepyaoia Blopetatponng nepthapBavel ta e€nc otadla

* BeppoXNULKAC ipoKkatepyaoia: n Plopalag Beppaivetal Kat yivetol
POCONKN UIKPNC TTOCOTNTOC 0EEOC

e gv{uukn vdpoOAuon (cakyxapormoinoncg): mTpooOnkn KATAAANANG
docoAoyioc eVIUULKWY OKEVAOUATWY yLa TNV dldomaon Twv
noAvoakyapitwyv (Omwc AUUAO Kal Kutappivn), o€ anAovotepa
oakyopa (r.x. y\ukoiln).

e ZUpWoN: MPocOnKN ULKPOOPYAVIOUWY, OTIWG N KayLd, N omola
uetaBoAilel Ta amAovotepa cakyopa apayovtag atbavoA
dlo&eidlo Tou avBpaka

* To TEAKO piypa odnyeitol mpog amootaén Omou yi
6Laxwptouoq ¢ BroatBavoAng. To uno)\emu
AX ylo avaktnon Bloaepiou Kol apoyw
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Motk Movada Blopetatponnic Waste2Bio




ATOTEAE2ZMATA Waste2bio

WASTE DELIVERY Distillation

Process

WET
FEEDSTOCK 0.55kWh/L ethanol

CARBON

DIOXIDE BIOETHANOL

Household or FEEDSTOCK (6.1 KWh/ kg)

Decentralized
Drying
0.7-1.2kWh/kg

ANAEROBIC DIGESTATE
DIGESTION

(13.9 kWh/kg)




ANMOTEAEZMATA Waste2bio

1tn wet 0.22 tn dry energy surplus
biowaste biowaste 0. 09 MWh, + 0.17 MWh,



x * %
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A¢lohoynon Waste2bio

* AvaAuong kUkAou (wnc (neBodocg meptBaArlovtikng aéloAoynong)

" tapouctalel opeAN o€ OAEC TIC € TA(OUEVEC KATNYOPLEC
NMEPLBAAAOVTIKWVY ETUMTWOEWV (TT.X. KALLOTLKEC AAAQYECG)

" gival cadEotata KaAUtepn eMIAOYN OE OXECN LE TNV U
nEBodo dLabeonc twv BroamoBAntwy oto XYTA

= tapouctalel oAU kaAn eniboon oxedo
ETUMTWOEWY OE OUYKPLON UE QAAE



2YNEXEIA TOY WASTE2BIO

WASTE DELIVERY

WET
FEEDSTOCK

Household or
Decentralized
Drying

DRIED
FEEDSTOCK

VARORS

DEFATTED
FEEDSTOCK
Hexane Solvent
0il Extraction 198kg

ey

EXTRACTED OIL

DIOXIDE

Distillation
Process

' BIOETHANOL

SSF process

' (22 MJ/Kg)

v (6.1 kWH kg)

oD

SSF RESIDUE

ESTERIFICATION

(37.8 MJ/kg)

(10:50 kWh/kg)
BIODIESEL

ANAEROBIC
DIGESTION

(50 Mi/ke)
(13.9 KWh/kg)

T

31v1S39I1a
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2YNEXEIA TOY WASTE2BIO

energy surplus
0. 07 MWh, + 0.14 MWh,
| tn wet 0.22 tn dry
biowaste biowaste
0.03 tn digestate

24 L biodiesel
(109 L/tn dry biowaste)



A circular economy system

for multi-source biomass conversion
to added value products
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Location of the installation area as approved by LTCP admin

o - N > o . ; ryf " es_sa 77 08
Lavrio Technological Cultural Park G20 P % : Sy YoHVNHa
Area for the installation of the biorefinery unit upon aprroval by LTCP administration ¥ . # R
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@ LTCP

@ Office for CircforBio
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The project is co-funded by the EU through LIFE programme for the Environment and Climate action
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Design and installation of the biorefinery system and
of the control & monitoring system

Lipid Distillation Bindiesel
extraction system ' -
Feedstocks

Food waste

Bakeries waste

Brewer’s spent grains

Juice industry waste
! — ThE[TI'IH| 4 EI‘L!']"I'I'IET-.!F Fermentation Etharnal
Pretreatment Hydrolysis
Potato peel waste ’

Spent coffee grounds

Agricultural residues

Anaerobic
Digestion

Delignification
pretreatment

= Hiofertilizer

7

@Afe

CIRCforBIO

The project is co-funded by the EU through LIFE programme for the Environment and Climate action




Basic Process Design

Oil extraction .
unit Used oil

HRT=3h 15-20 kg/d
Feedstocks T= J

(1tn/d)

Enzymatic
Hydrolysis
HRT=1-5h
T=50-65°C

ERimEntation Distillation
HRT=14h o Ethanol
T=32°C it 30-60 L/d

I‘.:,uice industry
aste

Potato peel Delignification
pretreatment
HRT=4h
=50°C

2-stage AD
T=35°C

Y 4
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The project is co-funded by the EU through LIFE programme for the Environment and Climate action

Pilot plant installation

It was decided that the biorefinery will be installed in Technological Park of
Lavrio (permission granted by LTCP) inside containers.
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Thank you for your attention!

Prof. Maria Loizidou
Unit of Environmental Science & Technology

School of Chemical Engineering
National Technical University of Athens
mloiz@chemeng.ntua.gr, www.uest.gr
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Npokifoeis yio Biboipes enixelpnpoukés ddoeis
pe éppoon otnv npootacio tou nepifdifovios
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