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chemical industries

By Avijit Dey, Vice President, Process
Development, Aquatech International

February 11-12, 2026

)

\ 4
Aquatech

g  WE



Brine Valorization: A Circular
Economy approach




Why Circular economy?

1 A linear economy operates on a
"take-make-dispose”
model, extracting raw materials to
create products that are used and
then discarded as waste.

 Conversely, a circular
economy aims to eliminate waste by
keeping materials in use through,
recycling, repairing, and reusing
products, focusing on sustainable
resource regeneration.

(1 Waste Brine valorization from
seawater desalination simultaneously
eliminates burden of disposal and
reduces raw material demand for
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Seawater Brine Valorization Aquatech

Qreed day = Feed Flow rate to SDP
m3
Qpw r‘y = Desalinated water Flow rate from SDP

Qmvr du = MVR Brine Flow rate from SDP
| Qpvr day = PVR Brine Flowrate from SDP

LCOSD: Levelized I:nst of Selective Desal LCODW: Levelized Cost of Desal Water;
LCOMB: Levelized Cost of MVR brine; LCOPB: Levelized Cost of PVR brine
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Monetization of Excess Water in Chemical Plants

with integrated Brine Valorization

International Water Pricing

_ - Water pricing versus water consumption
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O In both synthetic soda ash and chlor-alkali
facilities, partial reduction of salt demand by
generating NaCl brine utilizing advanced
membrane-based valorization unit operations at
or above 225 grams per liter concentrations will
lead to co-production of significant excess
desalinated water which needs to be monetized
to achieve reasonable ROI.

 In India, low industrial water tariffs present a
significant barrier to the cost recovery of
expensive seawater desalination, although
some coastal industries are adopting the
technology for its reliability.

d In India, increasing industrial tariffs for
desalinated water is a critical strategy for
ensuring cost recovery and the financial viability
of desalination projects. Industrial users, who
require high-quality water for manufacturing and
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Brine Valorization and Sustainability Wm
Aquatech
g SUSTAINABLE :
d The UN's 17 Sustainable Development g@v DEVELOPMENT Gé’.iALS
Goals (SDGs) aim to end poverty, protect S

the planet, and ensure prosperity for all | B n . e
by 2030. These interconnected goals et £ = ANO WELLBENG oo (OUALTY
provide a shared blueprint for a A
sustainable future.

DECENT WORKAND l"] REDUGED
ECONDMILC BROWTH INLJUALITIES

] Brine valorization is aimed to serve the

following objectives as explained below:
6: generating desalinated water

7: hydrogen-based energy from water 13 cuer 16 fcusner [ 17 P

8 . Wth b I . ACTION ;Igﬁﬁgﬁg FOR THE GOALS '
 Spur economic :

o gro y supplying _ SUSTAINABLE
feedstock to

C . GOALS
chemical industries

9 brlne Valorlzatlon StImUIate |nn0V3thnS Source: Umted Nahnns Department of Economic and Social Affairs. Do you know all 17 SDGs? Available
12: optimize production with limited onine: t ws/do- w-all-17-sdgs/ (accessed on 4 August 2022).
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Brine Valorization Starts with Selective Separation: NF . A~
quatrec

= Steric hindrance has been observed
- at the rejection of salts ions with a
hydrated ionic diameter larger than

the pore siiof t.he membrane.
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Donnan steric pore model with dielectric exclusion (D5PM-DE
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Dielectric exclusion

Hydration shell falling off

ly governed by steric hindrance.

Steric hindrance
—
Larger than pore size

DSPIVI-DI

Cauon

radii, and mean molecular size are better indicators tha
Separation of neutral or uncharged solutes

Molecular size parameters such as molecular length

IS primari

Steric hindrance effect.

Donnan effect

7 Presented by Avijit Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb

I



Solution Diffusion Model (SDM): )
Appropriate for RO is not Appropriate for NF Aéugtech
SDM VS DSPM-DE
&N . b, s /® Disdatnc exclusion membranes: A comparative study of SDM and DSPM-DE models”, Desalination,

Volume 586, 1 October 2024.
Fors Membrane % Permeate

Steric Hindrance effect

(1 NF membranes pore size distribution (1-10 nm), and RO Pore size (0.1 to 1 nm).

(J NF possess a surface charge, often negative, due to the presence of functional groups within the
membrane matrix.

1 This charge leads to electrostatic interactions between the membrane and charged solutes (Donnan
effect or Donnan exclusion).

J NF involves a combination of steric hindrance (size exclusion) and Donnan and dielectric exclusion.
J Divalent cations like Ca** and Mg**, being counter-ions, are less effectively rejected compared to the

angons (SOprlscnted by Avijit Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb
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Benefits of Seawater Brine Valorization
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Secondary Resource Recovery from Brine Valorization beyond A&

Supply of Feedstocks to soda ash and chlor-alkali ,a}qugtech

J Secondary valorization is attractive, however,
comprehensive market research at local, regional,
and global level is needed to fathom actual
demand-supply gap for any commodity of interest
as a potential candidate.
d Commodity prices at local, regional, and global
level should be reviewed by multiple market
research agencies to perform financial analysis. |
U It is recommended to secure long-term stakeholder caCO3

KNO3

M
contracts for such valorized products. i
O Entry strategy needs to be formulated for any @ -« ””%e
commodity without flooding the market which may ;;
cause depression of its selling price. ¢
U Critical review of technology readiness levels %,
(TRLs) is mandatory to avoid operational a 2| 2 ‘
challenges.
U Critical review of technology obsolesce is Prepared Dy Lr. AV Dey
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Brine Valorization for Water Utilities:
Decoupled configuration

J In Decoupled brine valorization
configuration, selective separation NF
unit is positioned downstream of
SWRO unit and NF is sized for partial
flowrate from SWRO concentrate
commensurate with demand-supply
gap of target end-products of brine

valorization.

J To meet large desalinated water
demand, variable “Water: MVR:
PVR” ratio is attractive as it allows
operation with low brine valorization
commensurate with market demand
while maintaining a large desalination

capacity.
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7
Aquatech

Why Decoupled Configuration?

Desalinated
- water fto
Intake Seawater RO Post- - e
Pretreatment (SWRO) treatment

MixedBrine

. Abilttyte :us'#‘

enuvironmentally -

mmnﬁb\‘_ Nanofiltration

mixed brine to ocean
~.-' outfall, allow - (NF)
esalinated water
production€apability
e 10 bedecoupled fr"'"'-
intended brine PUR
valorization Cipacity. Bri

driven by market
demand.

MVR: Mono-valent rich brine e.g., NF permeate
PVR: Poly-valent rich brine e.g., NF concentrate
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Brine Valorization for Chemical AT
Industries: Coupled Configuration A;ugtech

In Coupled brine valorization configuration, NF unit is positioned upstream of SWRO unit which perform
selective separation of MVR and PVR streams where respective concentration factors of monovalent and
polyvalent ions with respect to native seawater are significantly elevated and may not meet local regulatory

limits for outfall at end of Regulatory Mixing Zone (RMZ). Desalinated
wafter fo
Seawafer Customized .rocu‘:: .
g y excess Wafer
Infake Dretreatinent Nano Seawater RO Post ;

filtration (SWRO) treatment
(NF) Derivative

Co-product

Core 220 gpl
Product NaCl Brine
Co-product MOP (KCI)
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Constant “Water: MVR:
PVR” ratic:: dri\éen by Berlative OARO
demand of NaCl solution Co-product

demand into chemical Additional

process and hence called
coupled configuration.

Gypsum, Mg(OH),,
CCM/ DBM/FM,
Mg-ingot, Na,SO,.




Salt-based Chemical
Industries in India




Key Segments Driving Growth of Indian Chemical Industry

d Around 5.5% of India’s total exports constitutes
chemicals.

A Currently valued at around $160 billion, Indian chemical
industry has grown more than 10% for each of the past
10 years.

[ This puts India in sixth place globally revenue-wise.

U India ranks third in agro-chemical production, accounts
for 16% of global dye production, and has a significant
pharmaceutical manufacturing industry.

J Seawater desalination waste brine valorization is
beneficial for Salt-based Chemical industries like soda
ash, and chlor-alkali.

O Primary functions of soda ash for key Indian chemical
industry markets including agro-chemical, dye, and
pharmaceutical manufacturing involve pH regulation,
chemical synthesis, and serving as a raw material or
additive.

7
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Chemicals

Includes: Includes: I ludhes: Includes:
*  (Chlor-alkali chemicals *  Adhesives «  Insecticides «  Manufacturing
* Petrochemicals *  Water management * Pesticides medicines,
* Lyes chemicals *  Hospital supplies and
* Pigments * Paints consumer health
* Flavors and products such as
F‘ r'aErElﬂEEE omntments ii.ﬂl“
= iﬁ['l.lldlil ] CI2aImis
*  Coatings
= Catalyst, etc.

Source: https:/fwww.stantonchase.com/insights/white-
papers/executive-search-trends-geopolitical-shifts-create-
opportunities-in-the-indian-chemical-industry
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Key Sectors in the Current Indian Chemical A0
Industry with Potential for Brine Valorization Acuatech

The uses of Cl; in various
@ctors

L Seawater desalination waste brine valorization is

beneficial for Salt-based Chemical industries like 5%

soda ash, and chlor-alkali. \
M Chlor-alkali and soda ash plants are crucial for

various sectors, including plastics, pharmaceuticals,

detergents, and glass manufacturing, with the chlor-

alkali being a prime example of salt's transformative

Source: Chlorine, B.C. The
Essential Chemical Industry
Online.

Available: https://www.york.ac.

uk/chemistry/news/deptnews/e

ssentialchemind/ (accessed on
17 July 2022).

10%

13%

" PVC " Solvents Organics

role in modern industrial processes. . Inorganics. . pyip & Paper Industry = Water Sanitation
1 Energy source for Indian steel plants primarily coal- India's projected steel decarbonisation roadmap till 2070

intensive. Direct Reduced Iron (DRI) in green steel B e

process uses hydrogen as a clean reducing agent to wlll » ”ﬁéﬁ A :b

separate oxygen from iron ore, producing water .. - > o

vapor instead of the carbon dioxide (CO.) emitted by " .

traditional, coal-fueled blast furnaces.

U India has pledged to achieve net-zero emissions by
2070, and with the steel sector accounting for a
significant portion of total emissions, decarbonizing R W i S i T

\s}ﬁ?el production is crucial for meeting these targets. Soue ity B Moot
o brind ETSRESR AU aYR) AR AMALAIKal ndustry Conference, 11-12 Feb
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Outlook for Soda Ash Industry in India

1 Nearly 49 million metric tons of soda
ash (67% of the total production) are
annually worldwide produced by the
Solvay process. Consequently, around
25 million metric tons of CO, and 49
million metric tons of CaCl, are yearly
emitted into the environment.

U India has installed capacity of 4.4
MTPA with production of 3.5 MTPA

(80% capacity utilization).

 The India soda ash market is driven by
strong domestic demand from the
glass, detergents, and chemical
sectors, fueled by rapid urbanization,
infrastructure growth, and rising

consumer spending.
16
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Global Soda Ash Market mDenseSodaAsh  m light Soda Ash
Size, by Type, 2022-2032 (USD Billicn )
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Outlook for Chlor-alkali Industry in India <
Aquatech
Impact Analysis of Key Factors MC;'.ZE: HERENT Aluminum Smelter

Global Chlor-Alkali Market AR e Production i -0

 The Indian chlor-alkali market
IS vital for sectors such as
textiles, paper, water
treatment, and aluminum

processing.
J Caustic soda and chlorine
are used In bleaching and ey T LRSS Y
Fiye"-lg PRHSEES in textile Chlor-Alkali Global Market Report 2025
lndUStry' $125.13 India Chlor Alkali Market Forecast =
O Chemicals are used in the —-n g e marec
pulping and bleaching of | Pﬁg "B
paper. g 4.18%
[ Caustic soda is crucial for the o s ny
extraction of aluminum from pitio PR l I I I I
its bauxite ore. India is R l I i i B B R EEE

second largest aluminum-

Priyducing eUBIYSR A Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb



Waste Brine Valorization to Meet Necessary Brine Spec for i‘@?‘
Reduction of Salt Demand in Soda Ash Industry Aquatech

1 Brine demand for soda ash is 1.53 — 1.80 t
(NaCl)/ t soda ash

J Ammoniation tower in Solvay process
accepts saturated brine with concentration of
304 — 310 grams NaCl per liter. NaHCO4

d Ca and Mg limit in saturated brine separately ok carbonator| | HCOa + NHLCI
are ~ 10 mg/L as scaling occurs because the | |

high alkalinity and absorption conditions in L[ fier

.

NaCl + NHa
T ¥

the tower cause these remaining hardness . co, | |co, COy
ions to precipitate as insoluble carbonates, Ca(OH)z _|ammonia |_NH.CI NH,C
particularly CaCOs. —t

U In the Solvay process, the saturated brine to (CaCly (waste]>

ammoniation tower must have a very low
hydroxide concentration limit of 100 — 200 Source: https://www.tsfx.edu.au/resources/1162.pdf
mg/L to prevent the precipitation of Mg(OH)s.

U In the Solvay process, the saturated brine to
ammoniation tower must have a very low
carbonate concentration limit of 300 — 500

myiL to prévenepieshixtoMiipRsyigirafin Al Alkali Industry Conference, 11-12 Feb
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Waste Brine Valorization to Meet Necessary Brine Spec for i‘@i
Reduction of Salt Demand in Chlor-alkali Industry Aquatech

RAW MATERIALS . ECU OUTPUTS . DOWNSTREAM PRODUCTS

o,

O Valorization of NaCl brine at or above the depleted = ©lin - e TR L_
brine concentration from membrane electrolyzer e I B i WA ...m_;.n}_';..ﬂ:r r‘i B i
using OARO or equivalent membrane technology is ;e E — S i | f j_‘”_mw_
used bt T

3 Need for makeup salt (NaCl) addition in brine 00 Nator Rocommendod B epurtty Lissite for Ghloratial Plasnts Using Haflow™ Mombranss € cover
saturator is necessary to achieve saturated brine Y glarmt ASRAIE TRAE o cecded e mon)
for electrolyzer. By SRR — e Voo o

0 Brine purification to achieve brine impurity IMits fOr  woce  com  com cope i ot e s ———
chlor-alkali plants using NAFION membranes e .
comprises chemical precipitation with soda ash, BT AR A e o —
and caustic soda, primary and secondary filtration A
(including pressure leaf filters) to eliminate Numoum () <looph  cloows <o e
precipitated solids, followed by ion exchange o T I R e R v S
softening or chelating resins to accomplish the L =
ultra-pure brine necessary for modern membrane  wosscn. L el T sl
cells.

Source: Perry, C., et al.,“Getting the Most Out of Nafion™ Membranes”, Clorosur Technical

J Energy intensive process: 2.5 MWh/ ton of caustic  Seminar—Monterrey, Mexico, 15 November 2018.
0 ECU: ElectPoeseniad dyUiiit Denatof itheX¥ddeAlkali Industry Conference, 11-12 Feb
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Water Demand in Chemical sectors with i‘@i

Potential for Brine Valorization Aquatech
O Seawater desalination waste brine valorization is lucrative Chlor-alkali Water demand (Source 1
A = " = - Mercury Maphragm | Membrane {Comments
for Salt-based Chemical industries like synthetic soda ash Consumption. per tonne of chiorine produced .
- Depends on impunties and addimonal
and chlor-alkali plants. Salt (NaCl) | 610-2340 kg ol Bogr e
uuﬁr. ;JE;rlct-lhmugh b It::.' Process
Depends on impunities and additional
O Refer Source 1, apart from the water needed for cooling, . S Rur'i“
typical process water demand for chlor-alkali plant is ~ 2.50 P bl e
— 2.70 m3/ton of chlorine produced. Water is a fundamental ?.‘.Z’Z?E.::“'i NA | 27830 | 05070 | For 50wt caustic
Component in the bfine (SEI”Z) SG'UtiOﬂ that iS EIECtrDIYZEd in Electricity for | 3000-4 400 :mmL_‘-llm HML“T“} :?;:::ﬂ:.:-: S:‘I;‘::‘;:::t:'”:;'[;‘:l::t:;::':
electrolysis AC kWh ACKkWh AC kWh m-cc;m:r- L"u:!l.:l.!-h.'l.!.‘ . ‘ =

the chlor-alkali process. Water is also used in the process for

purges, and the chlorine absorption unit. tnnat in the Salvaw nrocess (Source 2

J Refer Source 2, typical process water demand for synthetic e —
2 . w Dri woda ash = - T w r
soda ash by Solvay process is ~ 4.00 m¥/ton soda ash in L gl T T
addition to cooling water demand of 40 - 60 m®/ ton soda s e o O S

aSh . Th is Si niﬁcant COO"” Water usage iS for Controuing the ;Ifg;:fjn:;nr:;::fjir;e;rt::i::ﬂl:‘;::::h entering the lime kilns is reduced by 4-12 %

Sﬂuri 1: Brinkmann T, tGiner gﬂéﬂja G Schur% F, Roudier 5, Delgado Sancho L. Best Available Techniques, (BAT) d _I t,
Refe mw d Hﬁﬁ&?’- hEn ﬂ\"se:ﬁ iv @E’n Iﬂ!@
Co m 68 m m Feﬁe umpean% r Hu IOI‘I

u
Prevention an ntrol). U_ . Luxe urg (Luxembourg): Publications ce of nion; 2014,

' éﬁﬁmﬁa rQ Qlﬁ)’}“«'m:a QQLBI igchglgﬁgqgglﬁmspecﬁve scenarios for the Chemical and

Petrochemical Industry. EUR 28471 EN. Luxembourg (Luxembourg): Publications Office of the European Union; 2017.
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Erratic and intense rainfall during peak salt

harvesting season in Gujarat

1 Gujarat accounts for up to 80% of India's total salt
production.

J As a key raw material for synthetic soda ash and
chlor-alkali production in India, salt supply
disruptions pose a threat to the stability and
output of these industries.

U In regions like Kachchh, average annual rainfall
has increased by nearly 30% over the last decade
- Indian Meteorological Department (IMD).

 Erratic (both excess and deficient) and intense
rainfall during peak salt harvesting season (March
to May) dissolves salt crystals and can set
production back for weeks or months. A single
spell of rain can halt production for 7 to 10 days.

 Cyclones in the Arabian Sea, e.g., Tauktae (2021)
and Biparjoy (2023), have caused major
disruptions and damage to salt pans, leading to
e%ry ends to production seasons.

dR
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Saurashtra & Kutch Rainfall Period June to September
1901-2017
Compiled by Ashok Patel from Data Source: data.gowv.in

E.

To September Period
Rainfall mm.

June

W En M P~ e+ W0 OCh o = e W
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Brine Valorization by
Membrane Brine

Concentration (MBC):
Technology landscape




Brine Processing: Technology Options

23

Operating Units

Brine Processing Technologies
.

WSAC, Multi-effect Evaporators,

MVC VTFF/ HTFF Evaporators,
Flash Evaporator, FCC.

HDH, Dewvaporation,
UHPRO, DTRO

Acronyms .
AFMS: inti-fouﬁng Membrane System &ToC: LW Temperature Evaporation
OARO, CFRO, EDBC, CFRO: Counterflow RO sgsm Distilat
VSEP, LTEC, FTE D DTRO: Disk Tube RO ; rane tion

. | . MVC: Mechanical vapor compression
EDBC: ED for Brnine Concentration OARO: Osmotically assisted RO

EDAK Electrodialysis metatheais TFO: Thermolytic Forward Osmosis
FCC: Forced circulation crystalizer  yypRO: Ultra high-pressure RO
FTE: Freeze Thaw/Evaporation VSEP: Vibratory shear enhanced process

HDH: Humidification Dehumidification  yTEE: Vertical Tube Falling Film
. HTFF: Horizontal Tube Falling Film WSAC: Wet Surface air cooler

Time since launch Prepared by Dr. Avijit Dey

Presented by Avijit Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb
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Brine Valorization: Membrane Technology Landsc?e - Permeat@
Recycling OARO (FTSH20 “3ltech Wiy 8 FTSH:0 Aquatech

OAROFeec

RecovOAR™

(D>l

O 1a®

?
Desalinated Water
_ OAROFeed
Prepared by Dr. Avijit Dey, Confidential Concentrate

Permeate

24 Presented by Avijit Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb
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rermnmeale ReCycCiing VARV.

B

Progressive Low Salt Rejection Reverse Osmosis <7
Mamhrane Aquatech
| 160 g/L +200 g/L
RecovOAR™ Brine > | Biine
130 g/L - -~
Brine F S
100 g/L - > H,.Bfﬂ" 4
70 bar of Brine F HBR .._3 kc'; J
pressure - 70 g/L o —
roduces 70 g/L rine F < - Y,
l::)rlna and fresh o H,BB £ L

water o s Brine
(] l HBR-1 -'

< ¥ -.
Seawater |
With the right membranes - can theoretically

reach up to a 70g/L differential between the
concentrate and permeate (practical level is 60

g/L)-such as 130 g/L brine and 70 g/L salty
permeate.

Whatto do with the salty permeate - recycle
back to the previous steps...

25 Presented by Avijit Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb
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Permeate Recycling OARO:

Various “B” value Membranes in Different Stages Aquatech
Ju = A (AP — ) RecovOAR™
J: =B aC S3

Stage 4 Highest “"B” value
in the Industry

Jw = Water flux, liter/m*-h
s = Salt flux, grams/m=-h
A = Membrane permeability, liter/m?-h-bar
B = Salt permeability, liter/m*-h
P = Hydraulic pressure, bar
t = Osmotic pressure, bar
C = Solution centration, grams/liter

ﬂ Stage 3 “B” Value higher
than Stage 2

Stage 2 “B” value higher
than Stage 1

. Stage 1 "B"” Value is Lowest in the
Series but significantly higher
compared to common RO membranes.

26 Presented by Avijit Dey at 11th AMAI Alkali Industry Conference, 11-12 Feb
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Brine Valorization: Membrane Technology Landscape — i‘@i
Concentrate Recycling OARO Aquatech

[ This configuration employs cellulose triacetate (CTA) membrane material in hollow fiber configuration.
U Feed flow to OARO system enters center tube and radially flows in the shell side of the element from

center to outer side.
[ A portion of the finally concentrated brine from the last stage flow into bore side in a direction opposite to

shell side flow.
Feed In

LA &i*:ﬁf_‘_ﬁ_I:__

Dilute Out Bore-side

Concentrate

Dilute In

Prepared by Dr. Avijit Dey - -
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Brine Valorization: Membrane Technology Landscape — %

Electrodialysis Brine Concentrator (EDBC Aquatech

U In regular electrodialysis (ED) or
electrodialysis reversal (EDR) units, water EDBC
molecules transfer with every ion migration .C“"‘“"“"
iInto the concentrate chamber (C chamber)

from dilute chamber (D Chamber) primarily \
through 2 mechanisms: electro-osmosis and  Feed ) - m

Na*

normal osmosis and 3— 10 Water molecules

; . . I h
transferred with each ionic transport from AN EXchialige Membrane
dilute to concentrate chamber. C Chamber
Cation Exchange Membrane

J ED brine concentrator (EDBC) is an evolving
technology established to concentrate brine o
above 225 g/L TDS even with elevated levels ."‘“"‘ e
of weakly ionized species like silica by utilizing
thin (<100 um) ion selective membranes with
limited water transfer (<1 water molecule/ion
movement from dilute chamber (D chamber)

ta2z8oncentRtesehtian bera\diichayrdier)th AMAI Alkali Industry Conference, 11-12 Feb

I




Brine Valorization: Membrane Technology Landscape — A

<7
Membrane Distillation (MD) Aquatech
Low grade ¢ — — §
waste heat | ﬂ

0 Membrane distillation (MD) inhibit passage of '
water while allowing permeability for water /"‘
vapor using non-polar hydrophobic synthetic ~ Jesalinaron waste b
material (e.g. PTFE, PVDF or PP) and offer
pores with a standard diameter between 0.1 s N . el
and 0.5 ym.

 Air Gap Membrane Distillation (AGMD) utilizes
an air gap for thermal insulation, cultivating
efficiency by dropping heat loss, while
Vacuum Membrane Distillation (VMD) uses a
vacuum to generate a large pressure gradient,
resulting in higher permeate flux. .

J Advanced vacuum MD (AVMD) marketed by C°n=-"tf=*-E=- 200 gpl
Aquatech uses an applied vacuum to pull Distillate < 200 mg/L
water vapor across the membranes and «— AT = 8°C
constantly recirculates brine without allowing

S Crystalp B e A TR Sy T T 1th AMAIL Alkall Industry Cornfersncs; 11-12 Feb

I w 'l |

e i, |

Polymer Fillﬁﬂ

Classical MD configuration -
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Global Brine Management Opportunities
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Global Brine Management Opportunities (2025 Outlook)

B

7
Aquatech

Region/Area

Primary Opportunity

Key Technologies

2025 Outlook

United States

MLD (Industrial reuse, produced water)

CCRO, HERO, OBS

Mature / Expanding

India ZLD (Textiles, power plants) MVC, Crystallizer, FO + Crystallizer | Regulated & Growing
China ZLD (Coal & chemical industries) OARQ, Bipolar ED, Crystallizers Policy-Driven Growth
Middle East ZLD & Brine Valorisation (seawater RO) FO, UHP-RO, MDC, Crystallizers Strategic Priority
Chile Brine Valorisation (Lithium recovery) DLE, Bipolar ED High Growth
Argentina ZLD & Brine Valorisation Crystallizer, Selective Precipitation Emerging
Europe (EU) MLD (Tightening reuse regulations) CCRO, MAXH20, HERO Mature
Australia MLD (Mining, inland desalination) HERO, VSEP, UHP-RO Stable
South Africa | Brine Valorisation (Mining, salt recovery) Selective Precipitation, FO Emerging

Source: Brine Consulting | LinkedIn
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Energy Optimization in Seawater Desalination: LoWatt <7
Aquatech
* Main Challenges Addressed: Biofouling, high .. =" _ i, ~ Fivation o = gy
energy use, and chemical consumption. £ £ L4 2z %—
E —t— .
* How It Works: - - ¢ - N =rrrr]ee
 UF Pretreatment — reliable particle/microbe : : - "' _‘ - ‘:_ ““““““““ | RN AR o
remOVElI & — - é é & ““_f”:;'__, —~ ;-.'._.'..'.-- . — %“M
 Non-chemical biofouling prevention — - P, ® )-e - | RIS,
innovative bacteria deactivation. n raw water Wl et |
 Optimized system design — reduces energy TEP in seawater refers to Transparent
consumption. Exopolymer Particles, which are

o m . . . 4NiC n|

minimizes fouling & chemical dosing. by 1!' KoL .;>[ .u..,:.;....] T
|E-1'~

* Digital Optimizer — dynamic process control DAR/CIor e 2

for efficiency. ey i

* Results:20-30% lower energy use, 10% ‘ 1

reduction in chemicals & cleaning cycles y { s J;
To Waste Canin

31

Unique online cleaning method — abundant, sticky substances produced
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Comparison of Membrane Brine %
Concentration (MBC) Options Aquatech

J Permeating recycling OARO (FTSH20) maintains osmotic gradient across the spiral-wound
membrane surface below standard maximum membrane element pressure limit of 1,200 psi by
harnessing full recycle of permeate flows from lag stages to lead stages. Considering permeate flows
are pure streams, such configurations are not challenged by scaling and fouling problems. However,
their power consumptions are marginally higher than their hollow-fiber counterparts.

J Concentrate recycling OARO (Toyobo) maintains osmotic gradient across the hollow-fiber membrane
surface below standard maximum membrane element pressure limit of 1,200 psi by harnessing partial
recycle of concentrate flows from last stage in counterflow manner via bore side while feed-concentrate
IS managed via shell-side. Considering concentrate flows are loaded with scaling and fouling
constituents which needs antiscalants to protect them. Such configurations are significantly challenged
by scaling and fouling problems as the residence time of concentrate stream flows exceeds induction

time of such antiscalants.

J EDBC is significantly more capital and energy intensive compared to OARO process but provides a
significant benefits for achieving brine concentration while not allowing weakly ionized species like silica
and boron to concentrate. This provides unique benefits in some geothermal brine and lithium salar
applications. _
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Recommendations and
Conclusions
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Aquatech

Recommendations and Conclusions

U Brine valorization in synthetic soda ash, and chlor-alkali may provide a more sustainable and
efficient operation pathway ensuring better ROl when co-produced desalinated water is
monetized.

U Further improvement in ROI can be secured via secondary commodity valorization beyond
supply of feedstocks.

d A comprehensive market research for secondary valorization products at local, regional, and
global level should be performed to determine demand-supply gap along with actual
commodity price.

M In India, increasing industrial water tariffs for co-produced excess desalinated water is a critical
strategy for ensuring cost recovery and the financial viability of desalination projects.

W India’'s commitment to net-zero emissions by 2070 necessitates a large-scale transition to
green steel to meet climate targets where brine valorization can be effectively integrated. Tata
Motors and Mahindra & Mahindra, are part of the Steel-Zero initiative, which commits
companies to using 100% net-zero steel by 2050.

O The EU's Garbon Border Adiustment Hechapism (GBAM) imposes 2 carbon cost on imports

from cnlintriac wi c'ectrivant anvirnnrmaoan Talal~ Rhic ~roamnale Indian avnAartare A
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