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Desalination, 2022
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"Zero liquid discharge (ZLD) refers to the complete elimination of liquid waste in wastewater
treatment, where all the water is recovered from the saline feed stream, leaving only solids as
waste.”

Nature reviews clean technology, 2025
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"Zero liquid discharge (ZLD) is a critical brine management strateqy that aims to remove or recover
100% of the water and obtain salt crystals as either a solid waste for disposal or a resource for
valorization.”
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7,500 CMD, 60 mg/L

H— =+ 407 SAN\E
— 47 7= He 7 7K 2,500 CMD
WR 75% BAK BH Kﬁ/? At
SR 98%

BE7K —— BEIK R IE | 7K [BIUYT | AR | B2 )R —— ERSREERY)
10,000 CMD 2,500 CMD 148 CMD 42.3 ton/day
TDS: 3,000 mg/L 11,280 mg/L 200,000 mg/L (30% = K=)
(4,000 puS/cm)
=R BEK =3 K B4 BEKZHER (15 EE)
JKE (m3/day) 10,000 10,000 10,000
gEFE (kWh/day) 10,000 21,250 139,156 (84.7%)
BUEIEREFR (kWh/m?3) 1.0 2.1 13.9
EZ& (NTD/day) 50,000 106,250 695,780
EEEY)FEE (NTD/day) 0 0 211,500
#I6E& (NTD/day) 50,000 106,250 907,280 (88.3%)
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$10.12 billion

The Businessl i ]_l
Research Company

Key players:
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2024 2025 2026 2027 2028 2029

Veolia Water Technologies (FR)
IDE Technologies Ltd (IL)

Toshiba Infrastructure Systems &
Solutions Corporation (JP)
Doosan Hydro Technology (KR)
Lenntech B.V. (NL)

Saltworks Technologies Inc (CAN)
Aquatech International (US)

https://www.thebusinessresearchcompany.com/report/zero—|iquid—discharge—systems—gIobal—net— A
lTecl_'lnnlngy
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« 1972-FKEE -  BEZEZRILSHRYBINEKE -

« 1974-EPAEHZEAEBE N BEEZBMIREHIIERE (2024-Steam Electric Power Generating Effluent
Guidelines, ELGs, 40 CFR Part 423) - 3 #8056 MR K BEIAR 2 -

« Clean Water Act530061% - Z5k#z& 5 (New Source Performance Standards, NSPS)EFE " & fEo]{T1&
Hl#%1i 4 (Best Available Demonstrated Control Technology, BADCT) -

Steam Electric Power Generating Effluent Guidelines -

-
2024 Final rule
%5““" This regulation establishes a zero discharge of
= pollutants limitation for three wastewaters generated
Lol 'F'..'::‘.‘ e at coal-fired power plants: flue gas desulfurization
Ry ash = U S (FGD) wastewater, bottom ash transport water

(BATW), and combustion residual leachate (CRL).

i Y | ik -
"I I"I I \— Shk.d Fly 9" = Wastew
‘ “ . S
L.

S I e e e S — I
(Electric Power Research Institute (EPRI), Summary of
Zero Liquid Discharge Water management Installation

at U. S. Power Plants, 2008) TR
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https://www.epri.com/ Y e

Diagram 1. Key wastewaters produced by coal-fired steam electric power plants.
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« 2005 SmPEIEIKKIMTBERAM - * 3.1.3 KRIMNFRKEIE “SHW" KA - SEIFSZ R IMNE
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« 2007 BIXRIRIERET— E?EEU BA - " WX~ B BT - ERFE[ITWHET RKEXRFAE - 837
SEIM IR K D HER B Z HERY

« 2012 BIFRIRIEMRET _LRE - TERRAERR" MRBBIEFEEK "SHR" WEEREHE - "

= i EMNE T #088- 2019 F Bt =5 EE KB

- BIKFFEETEZE (BOO)

. HRHTFEEE7J<E5 000 CMD

- REFRHERBUF RO, NF, AOP MVRZIEE MATiREEK
ALK RN IRK
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https://baike.baidu.com/item/%E5%AF %B6%E9%8B%BC%E6%B9%9B%E6%B1%9F %E9%8B%BC%
E9%90%B5%E6%9C%89%E9%99%90%E5%85%AC%ES%8F %B8/4647812#reference-2
https://www.h20-china.com/news/326174.html?utm_source=chatgpt.com
https://szztee.com/info-detail/i-95.html
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- 1986 ENEEMIRiE{R:E AThe Environment (Protection) Act @ FlERIEFREMRRBIThe Environment
(Protection) Rules - R 5HRIEHIZE S ( CPCB) syMW5RIZEHIZES ( SPCBs ) o IR IEEE o B g
G - ERARBEII T EENER ZLD -

“All efforts shall be made by the industry for zero discharge of service wastewater”

« 2015 RIFRIZEFNEZEZ (CPCB) s8m (K RTEEMSABHMENAE I TEER)
(Guidelines on Techno-Economic Feasibility of Implementation of Zero Liquid Discharge for Water
Polluting Industries) - M ZE#m# - KE ~ BOAMMIRS S5R17% - EEREEETEREN ZLD 24 -
UEIREEK T EIWMBANA -

ZERO LIQUID DISCHARGE

P (Common Effluent Treatment Plant)
IN INDIA . ) _ —
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&r22-Zero Brine Project (2017-2021)

Coordinated by TU Delft, ZERO BRINE — Re-designing the value
and supply chain of water and minerals: A circular economy
approach for the recovery of resources from brine generated i

by process industries

18Mt

Chloride
releases (2017)

Recavery

Finland

Denmark

|reland

United
Kindonm

Metherlands
Poland

Germany

Slowakia

Hungary

Romania

Portugal

Spain Bulgaria

Sum of Chloride discharge (t) |

2,560 5,647,850
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Demineralized Water Plant (DWP) in

Botlek, an industrial port area
of Rotterdam, Netherlands.
« Site | pilot treated the spent

regenerant solution of the IEX unit to
recover  high  purity  calcium,
magnesium, salt, and clean water.

« Site Il will aim to use an innovative
design to treat the reverse osmosis
(RO) concentrate of the DWP using a
combination of new and existing
technologies to recover sulphate
salts, sodium bicarbonate,
regeneration solution.

(NF, EFC)

Silica industry to recover water, sodium

sulphate, waste heat and alkalis in

Zaragoza, Spain.

+ First membrane-based process using
tailor-made membranes produced.by

regenerating  end-of-life © reverse

osmosis (RO) elements from
desalination plants otherwise
destined for a landfill.

« Treatment of the concentrate stream
produced in the first .stage by
crystallization to achieve Zero Liquid
Discharge.

OITRI. TR 5k E 1F

(RO, BPED)

ZERO BRINE

ZERO BRINE

THEZERO BRINE PILOT PROJECTS

ZERO BRINE

Textiles

Coal mining industry in Laziska Gorne, Poland.
« Salinity of ca. 23 g/L and rich in calcium
sulphate, will be treated using integrated
system consisting of nanofiltration, reverse
osmosis and electrodialysis with the aim to
recuperate valuable raw materials, such as
concentrated brine, magnesium hydroxide,

and high quality RO permeate.
(NF, RO, EDR, EFC)

Field visit partner
countries

Other partner
countries

Textile industry with the aim to recover

concentrated salt solutions for reuse in the

textile dyeing process baths by TUBITAK MRC
in cooperation with ZORLU Textile and Energy

Groups at  Buyukkarigtiran-  Luleburgaz,

Kirklareli, Turkey.

« The pilot system involves a pretreatment
stage with ozone‘oxidation, nanofiltration,
‘concentration stage with reverse osmosis
and, as a precaution, a softening unit by an
ion exchange column. The pilot plant is
capable of treating 300 L/hr of RO retentate
discharged from advanced wastewater
.treatme_n,t facilities of Zorlu Textile. s g oo

" https://zerobrine.eu/pilot-projects/ itrial Technotoay

arch Institute




HRRIKEIR{EFTE (Horizon 2020)

O moter || (Caeacuer | VM
MiNiNg N VALUE
ZERo BRINE value for society M I N E EB_
X R
- €11.0M - €191 M - €58 M - €7.0M Il ne
* Jun 2017 - Nov 2021  Sep 2020 - Aug 2024 || « Jun 2020 — May 2024 * Jun 2020 - Nov 2024
« Technische « Technische « University of Palermo, « Eurecat, Spain
Universiteit Delft, Universiteit Delft, Italy (UNIPA) é%
Netherland Netherland /i RINE @ MINING
Re-designing the value o ,
and supply chain of water || /dentitying sustainable Urgent need for Development of
and minerals:A circular || methods for treating technological radical innovations to
economy approach for wastewater and innovation, allowing for recover minerals and LIFE ..
the recovery of resources || 0btaining alternatives critical raw material metals from seawater zerosili
from brine generated by || Sources of usable water || production in Europe desalination brines B RINE
process industries
«Sea mining: Mg, Ca : , Separating,
4 pilot project for Na, Cl B(tral_cit;%réfg%r:; rSW' concentrating and
industry to reach the «Urban mining tragcle—elements (Rb crystallizing from
zero brine. « Industrial mining S ’ seawater brine: Mg, Sc,
r, Cs, Ga, Ge, Co)

V, Ga, B, In, Li, Mo, Rb, Ca
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: i 5% = @ ME (—EHA) 750
https://news.ltn.com.tw/new
s/local/paper/931036 ﬁlﬁl ﬁ?é@l%w%:, (::/HH) 9,000
2018 MM L& — o
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S BB BT

The consumption and output are represented by the positive and negative list data. Use the eFootprint platform (Emfix @i & &
B BB B A 4%) for statistics and editing of inventory data. Electric energy consumption is based on the thermal power
generation data of the East China Power Grid. The background database is mainly based on the CLCD database, and part of the
data is based on the ELCD database, the Ecoinvent database, and some research data in the eFootprint platform.
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S 20 —> concentrator Disc tubular reverse osmosis, DTRO
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Process Industries 4.Brine
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Alternative sources
(residual heat)
5.Salts & Minerals

High purity with y Clean Water
precious market value High purity
e —” - .
Intemal ZERD BRINE i
valorization =

BRH A

External

ﬂ. 6. Other industries valorization
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1. ZERO BRINE technology
» High CAPEX / Low OPEX

+ Required lower energy compared to
current treatment practices

2.Energy

« Altemative and cheaper energy source to
reduce CAPEX

3. Clean Water

« Lower water consumption by reusing the
recovered water

4. Brine

= No water required for dilution
+ Nobrine discharge

= No environmental levies

5. Salts & Minerals

« |ntemal use of salts and minerals
+ Trading salts and minerals as a new
source of revenues

6. Other Industries

« New supply chain of water and minerals
lead to lower water pollution and
potentially would lead to lower carbon
emission on global scale
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Technology i Multimedia

Technology News A RSS MORE >
. AloT Water Treatment . Anammox Process- Energy Saving Biological Nitrogen Removal Te...

. Nano-Filtration . Anaerobic Fluidized Bed (AFB) Process

. Qwater Emergent Water Treatment System . Chemical Oxidation Technology : The Fenton Family

®

Modified Upflow Anaer...
ITRI's up-flow
anaerobic sludg....
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Anion membrane  Cation membrane Anion membrane
Copyright © 2018 Industrial Technology Research Institute,

Electrodialysis Rever...
Electrodialysis reversal can
effectively remove ion...

Tranng Anammox Process- Ener...
Anaerobic ammonia oxidation
(Anammox) processis a ...
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