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(DIGITALIZATION &
DECENTRALIZATION )
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(RESOURCE RECOVERY &
ENERGY GENERATION )

% aalhll ailgig ajlgoll Galeiwl
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lgolaaiwl aaleclg wvamll alo aalles dluai dillao

(MEMBRANES & FILTRATION )

aijanillg alilioasgpgall aallenll
(ELECTROCHEMICAL & CATALYTIC

TREATMENT)

dinglgull aallooll
(BIOLOGICAL TREATMENT)

alaiinll camnll alio aalleo Cilaag
Mobile Wastewater Treatment Units
(TRL 8-9)

asyuioll @alleoll Galpo
Co-Treatment Facilities
(TRL 8-9)

aalleoll dilbhaol dunayll pilgill
Digital Twins of Treatment Plants
(TRL 8-9)

ayjeall anlogll aliall aalleo aohil
Modular Graywater Treatment Systems
(TRL 8-9)

sjlaall i
Sewer Mining
(TRL 6-7)

ausall jlouiwdl Gilaui
Smart Sensor Networks
(TRL 6-7)

cl53all wale anildll aalleoll Jquuai Jilwg
waclihnill
Al-Enabled Treatment Optimization
(TRL 6-7)
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S)ladl Jaill
Thermal Hydrolysis
(TRL 8-9)

Culagyiw daleiwl
Struvite Recovery
(TRL 8-9)

auuounll aalhll Jooiaalleo dilhao
Solar-powered Treatment Plants
(TRL 8-9)

ayilall aylyall aiyall
Hydrothermal Carbonization
(HTC) (TRL 8-9)

augyaunll agagll Lila
Microbial Fuel Cells (MFC)
(TRL 6-7)

2gjay wal] sgualljloll galAiwl
Biogas-to-Hydrogen Recovery
(TRL 6-7)

aibiroll auguall cilelaoll
Membrane Bioreactors (MBRs)
(TRL 8-9)

auyaall Jilgul 14 agi
Zero Liquid Discharge (ZLD)
Systems(TRL 8-9)

waoloill anliill
Forward Osmosis (FO)
(TRL 6-7)

ayoulgul Cilisyoll
Polymeric Composites
(TRL 6-7)

el
Membrane Distillation (MD)
(TRL 6-7)

aunAliill anieill Cala duguall Gilelanll
Osmotic Membrane Bio-reactors
(OMBRs) (TRL 4-5)

el auiel
Graphene-based Membranes
(TRL 4-5)

cailiygall Juaill
Electrodialysis (ED)
(TRL 8-9)

aaall §ga clall 6awsSi
Supercritical Water Oxidation
(SCWO) (TRL 8-9)

dalignll gga dilagoll dillclao
Ultrasonic Reactors
(TRL 8-9)

aiqildl dilclsall
Nanobubbles
(TRL 8-9)

cowouidl caigall jraaill
Solar Photocatalysis
(TRL 6-7)

auiliorsgygAall aoadioll Gauwsill
Electrochemical Advanced Oxidation
(EAOP) (TRL 6-7)

ailiygall Al
Electrocoagulation
(TRL 6-7)

augpaunll ayilioysgpgall anhilll
Microbial Electrochemical Systems
(MES) (TRL 4-5)

PFAS Jadifiadl alljdl
PFAS Reductive Defluorination
(PRD) (TRL 4-5)

Lojuul yugd pladiwb aboldl dalleo
Plasma Arc Water Treatment
(TRL 4-5)

bl AyBill aa]

Algal Turf Scrubber (ATS) Technology

(TRL8-9)

aingll arhyll caalyill
Hybrid Constructed Wetlands
(TRL8-9)

eljninll aguall auieill Jelao
Moving Bed Biofilm Reactor
(MBBR)(TRL 8-9)

adilggll auwall ainall aohii
Aerobic Granular Sludge
(AGS) Systems (TRL 8-9)

Jazall ayle cullabll jalgal
High-Rate Algal Ponds (HRAPS)
(TRL6-7)

Glhill anwlg ausill Giluipo
Large-scale Soil Filters
(TRL6-7)

asiluill aallonll
Phytoremediation
(TRL6-7)

Gilogjidl pladiwb aalleoll
Enzyme-based Treatment
(TRL 4-5)

jolilwgilill
Nanocellulose
(TRL4-5)

Lilyg alwanll aaraall auall Giliilall

Genetically-enhanced
Microorganisms (TRL 4-5)

dhlhnall yugold puwd vad Jlidill wyleiangi
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TECHNOLOGY SEGMENT

@ Biological Treatment
@ Electrochemical & Catalytic Treatment
@® Membranes & Filtration

Resource Recovery & Energy Generation

)  Digitalization & Decentralization
IMPACT POTENTIAL
Very Low

Low

[ J
. Medium
. High

Very High

EASE OF IMPLEMENTATION

ow Medium High Very High

Very Low

Smart Sensor Networks
Large-Scale Soil Filters

Al-Enabled Treatment Optimization

Sewer Mining
Nanocellulose
o OMBRs

[
Enzyme-based °
Treatment
MES
L] [ ]
Plasma Arc
o Water Treatment

Graphene-Based
Membranes PRD

Genetically-enhanced
Microorganisms

TRL4-5
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Digital Twins of Treatment Plants

Co-Treatment Facilities
Algal Turf Scrubber(ATS) Systems
Mobile Wastewater Treatment Units

MBRs
MBBR

o
 — Solar-powered Treatment Plants

] AGS Thermal Hydrolysis
[} HRAPS ° L4 —— Modular Graywater Treatment Systems
L] ‘ — Hybrid Constructed Wetlands
® MD ~ Struvite Recovery
L ]
Electro- L
coagulation ]
& @ ® D
° ® ® Zero-Liquid Discharge (ZLD)
® o L4
L] Ultrasonic Reactors
EAOPs HTC
MFCs. ® scwo
Nanobubbles
Solar Photocatalysis
Phytoremediation
Polymeric Composites
Biogas-to-Hydrogen Recovery
TRL 6-7 TRL 8-9
MATURITY
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TRL 8-9

TRL 8-9

TRL 6-7
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Discharge (ZLD)
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TREATMENT)
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https://publications.rwth-aachen.de/record/856588/files/856588.pdf
https://publications.rwth-aachen.de/record/856588/files/856588.pdf
https://engineering.buffalo.edu/civil-structural-environmental.html
https://hydromentia.com/technologies/algal-turf-scrubber/
https://ip.sandia.gov/opportunity/algae-scrubbing-for-waterway-remediation-and-biofuel-production/
https://enst.umd.edu/research/research-centers-labs/algal-ecotechnology-center/
https://enst.umd.edu/research/research-centers-labs/algal-ecotechnology-center/
https://www.biohabitats.com/wp-content/uploads/DundalkMarineTerminalATS-2.pdf
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https://pmc.ncbi.nlm.nih.gov/articles/PMC9486005/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9486005/
https://www.researchgate.net/profile/Allen-Stewart/publication/314854428_Review_of_Large_Scale_Algal_Turf_ScrubberR_Algae_Based_Water_Treatment_Systems_and_Algal_Biomass_Production_and_Use/links/5c3f9f05458515a4c72bbe68/Review-of-Large-Scale-Algal-Turf-ScrubberR-Algae-Based-Water-Treatment-Systems-and-Algal-Biomass-Production-and-Use.pdf?__cf_chl_tk=lWpM2Bu2fPnnJALTQVhNOLye2wwq54OkdmLFIcnM7rc-1747062150-1.0.1.1-igkQ.uh61Mwotp6TwpuGDtG9zA.9J8eOwgu1hMg7e88
https://www.researchgate.net/profile/Allen-Stewart/publication/314854428_Review_of_Large_Scale_Algal_Turf_ScrubberR_Algae_Based_Water_Treatment_Systems_and_Algal_Biomass_Production_and_Use/links/5c3f9f05458515a4c72bbe68/Review-of-Large-Scale-Algal-Turf-ScrubberR-Algae-Based-Water-Treatment-Systems-and-Algal-Biomass-Production-and-Use.pdf?__cf_chl_tk=lWpM2Bu2fPnnJALTQVhNOLye2wwq54OkdmLFIcnM7rc-1747062150-1.0.1.1-igkQ.uh61Mwotp6TwpuGDtG9zA.9J8eOwgu1hMg7e88
https://hydromentia.com/technologies/algal-turf-scrubber/features-and-benefits-scalableadaptable/
https://www.sciencedirect.com/science/article/abs/pii/S2589014X19302506
https://www.sciencedirect.com/science/article/abs/pii/S2589014X19302506
https://www.sciencedirect.com/science/article/abs/pii/S2589014X19302506
https://edis.ifas.ufl.edu/publication/FE576
https://www.maritime.dot.gov/sites/marad.dot.gov/files/2020-06/maradalgaetoenergysummaryreport200520.pdf?utm_source=chatgpt.com
https://enst.umd.edu/sites/enst.umd.edu/files/files/documents/Research%26Extension/Algal-Turf-Scrubbing-Article.pdf?utm_source=chatgpt.com
https://www.maritime.dot.gov/sites/marad.dot.gov/files/2020-06/maradalgaetoenergysummaryreport200520.pdf?utm_source=chatgpt.com
https://pelicanislandaudubon.org/2019/05/21/algae-farm-a-new-birding-site-egret-marsh-stormwater-park-thanks-to-keith-mccully/
https://www.durhamnc.gov/4678/Algal-Floway
https://ww2.georgiasouthern.edu/research/water-health/algal-turf-scrubber-project/
https://enst.umd.edu/news/bright-green-future-algal-turf-scrubber/
https://www.researchgate.net/profile/Allen-Stewart/publication/314854428_Review_of_Large_Scale_Algal_Turf_ScrubberR_Algae_Based_Water_Treatment_Systems_and_Algal_Biomass_Production_and_Use/links/5c3f9f05458515a4c72bbe68/Review-of-Large-Scale-Algal-Turf-ScrubberR-Algae-Based-Water-Treatment-Systems-and-Algal-Biomass-Production-and-Use.pdf
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https://www.sciencedirect.com/science/article/pii/S1383586622020275?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1383586622020275?via%3Dihub
https://magazine.watertoday.org/blogs/maximizing-space-setting-up-wastewater-treatment-plants-in-compact-areas
https://magazine.watertoday.org/blogs/maximizing-space-setting-up-wastewater-treatment-plants-in-compact-areas
https://research-and-innovation.ec.europa.eu/system/files/2022-03/water_research_and_innovation_projects_2014-2020.pdf
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2020.01004/full
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2020.01004/full
https://ww2.georgiasouthern.edu/news/magazine/2022/02/03/the-good-the-bad-and-the-algae/
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https://www.civil.utah.edu/2024/06/20/utah-engineer-at-forefront-of-nanobubble-research/
https://www.civil.utah.edu/2024/06/20/utah-engineer-at-forefront-of-nanobubble-research/
https://www.civil.utah.edu/2024/06/20/utah-engineer-at-forefront-of-nanobubble-research/
https://www.newaginternational.com/irrigation/moleaer-debuts-advanced-nanobubble-technology/
https://www.newaginternational.com/irrigation/moleaer-debuts-advanced-nanobubble-technology/
https://www.newaginternational.com/irrigation/moleaer-debuts-advanced-nanobubble-technology/
https://www.lake-elsinore.org/665/Nanobubble-Pilot-Project
https://www.lake-elsinore.org/665/Nanobubble-Pilot-Project
https://engineering.tamu.edu/news/2024/12/dont-burst-that-bubble-research-explores-nanobubble-stability.html
https://www.nanobox.ie/
https://aquab.com/
https://aquab.com/
https://www.tridentbubble.com/?gad_source=1&gad_campaignid=20543506468&gbraid=0AAAAApEYMopfp4uMCLodMpEzEZNpPUo1e&gclid=Cj0KCQjwrPHABhCIARIsAFW2XBOONM7poYS46rZpUt6YOt1vtnAxIQjoIu3r9zMnh1aMx_NY1v8d82gaAguLEALw_wcB
https://www.tridentbubble.com/?gad_source=1&gad_campaignid=20543506468&gbraid=0AAAAApEYMopfp4uMCLodMpEzEZNpPUo1e&gclid=Cj0KCQjwrPHABhCIARIsAFW2XBOONM7poYS46rZpUt6YOt1vtnAxIQjoIu3r9zMnh1aMx_NY1v8d82gaAguLEALw_wcB
https://www.moleaer.com/en-us
https://www.moleaer.com/en-us
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adiall wmll oo @Galpo aalloo jaa aabij wall agilil
Jilin5 dalleny Gilhaoll 2oy 13dg 25% wall Jni iy
auinill auiwll waa éjus Ciljlaiiwl gga wmll alo go sl

Waste Management World éalao

asgilill culelaall gi cud :Qligladl @llj) Gibigiwo {uuai
wamll ol waa aighaell ciliglall alljl guuai wale Jooi
waa 6ayjall lgnilna pguiig.oigeill dldoc jpjei Jua go
aliil wal] Bags oo cloll ge Gliglall Jna dclas 6abj

s e ol sl.cahil wm olo

Cilclaall aiiai guhisag gl gaos -aalhll eligiwl grai
Cilhno waa 40% auuis aalhll elilgiwl ghai al] augilill
Quggi bblac Jua go elld §61g wamll alo aalleo
aranilawnll aiggill wall aalall go Jlas loo .aclas fisi

ausall olinll alao gy ahripoll aalhll wdlaig



https://waste-management-world.com/resource-use/nanobubbles-changing-the-wastewater-treatment-game/
https://waste-management-world.com/resource-use/nanobubbles-changing-the-wastewater-treatment-game/
https://amb-express.springeropen.com/articles/10.1186/s13568-021-01254-0
https://smartwatermagazine.com/news/moleaer/apollo-funds-invest-nanobubble-technology-expert-moleaer
https://www.offshore-technology.com/buyers-guide/nanobubble-technology-wastewater/
https://www.offshore-technology.com/buyers-guide/nanobubble-technology-wastewater/
https://www.offshore-technology.com/buyers-guide/nanobubble-technology-wastewater/
https://www.ubs.com/global/en/sustainability-impact/social-impact-and-philanthropy/globalvisionaries/gv/2024/tiny-bubbles-huge-impact.html
https://pubs.acs.org/doi/10.1021/acs.est.9b02821?
https://www.eng-tips.com/threads/nanobubble-technology-and-water-waste-water-treatment.484982/
https://pubs.acs.org/doi/10.1021/acs.est.9b02821
https://www.offshore-technology.com/buyers-guide/nanobubble-technology-wastewater/
https://www.offshore-technology.com/buyers-guide/nanobubble-technology-wastewater/
https://pubs.acs.org/doi/10.1021/acs.est.9b02821
https://pubmed.ncbi.nlm.nih.gov/37738940/
https://pubmed.ncbi.nlm.nih.gov/37738940/
https://www.moleaer.com/industries/wastewater
https://www.moleaer.com/industries/wastewater
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aoaginll Ciljghill go Ciléauhill bliso waé pwlg @lhi cale aigilill Cileldall aiiai padiwi of gaqiall oo
aalhll 8clasg ajspoilll aallonllg aaéall Ciliglall alljl caa

vabidimnll aagill

&padioll adgill Gh JUi go aalSill duleld guuai
oloillg jloll ailalg adraall gilgoll Jlao waa padill Jhay
aygilill Gilelaall Gilalgo awni i gagii i Litany wallll
Jala 50-30% auui aalhll plaiwl wa aclas fisi
gla .elly gog pirellg Galll g6l Glili wniio
Jolall A aloicl oo a7i 26 adqill adlowipl wdl4ill
ahwginllg aponll wmll oo dallen Cilhao wa

.Bior source Technologynaall

Aol Cilwwog Gédall Ciliglall @lljl aloicl &alij
augildl Cilelaall aoai i gaginll 3o 2035 plc Jglay
alljy wamall olo dalleo Gillac wa guwlg Glhi wlc
auitunll Glppaiwall Lléig aaiaall aariwilyll algall

éugilill algoll . (ayuill xilorall algoll) PFAS algog

glily -alfinllg &jSpollll wiall ol aalles Jglha
Cilhag johi a4 wamll oo aalleo wad aolell Cilgagill
olaiwl Gibglh wa algoaall wmll oo aalleo
ts)lghll Cildoc waa asuidl yyla plaxiwdl gilill Cilclaa
Acc Chem Res .auclinll dilayhillg araiyll Gilonianllg

quaill Jila

Cijs) caugilill ggjgill Gilclda Gilul waa Cilyghill
aouinll &ugilll Cilelaall plhaiwl wale diaall Cilwljall
dalleo dilac waa diliglall alljlg Jleall pghill ggjgill
aclas jijoi wa Lgililao| wale cgall hlu oo .olmll

WRF .aallonll

Jgiuu] 8y Ciold 2024 ple cad :dugilill Cilclaall Auaii
dgulo 35 ary augili aclaa Lyla Cuds Lijgadls wa
il logy (nauwsill ayiell agilill dilelaall o gglla
dilelaall Gililbo| ggpinll 139 paa jjug .olbnll 6aga
Jl5i giog pwlg @Glhi wale all éaleiwll agilill

Jgiull 6pas.diahll

«eljlinll paiwli ayao waa eljlaiall yid wupai ggpilo
6elas jjmil aygilill Cilclaall uiai wayai ggpio pial
dlfia Jua loww Ug amll ol dallenl pon ahao
wljfinll ploigdl wall 1agp juiug .allell sghell Joall
amll oo aallenl aalhll spagall &Sl Jglaly

Interreg aolip


https://www.sciencedirect.com/science/article/abs/pii/S0960852422011567
https://pmc.ncbi.nlm.nih.gov/articles/PMC9228162/
https://pubmed.ncbi.nlm.nih.gov/30958672/
https://www.waterrf.org/research/projects/ozone-nanobubbles-technologies-water-treatment
https://www.lake-elsinore.org/665/Nanobubble-Pilot-Project
https://interreg-baltic.eu/project-pilots/nursecoast-ii/pilot-3-naestved-denmark
https://interreg-baltic.eu/project-pilots/nursecoast-ii/pilot-3-naestved-denmark
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Sl plaieul ulji wall jgirwll dpay caa ayaill alai juiy
w)ig .alinll daolhiwell é)jlall auqildl dlcldall aiidi
gl éailjll aaillg riwsill gaiai Calinai aalgi all gaoll
wid Lalhi g wgi Lilui ggnitall ocay LoS .aliloo ligla
w6 Leolgan jjoy Loo aujopollll augilill dleldall Gl auhi

auclinllg anlll wamll aluo aalleo

Gy 6aL0j g 2 apll Glily Ga 4iiS g bl 63Ul gg A caag
oluoll Gilath waa wlaall grwsill Gbgiwo wa 40%
Jlaig ullahll g ai o wa1adill wa le acluy Loo .a duooll
dlclaall 6jaa ggpinll yghig .aughell wiwlgyll a5l
Jdlallenll walealnicill gga épadl éaleiwl pca wale digilill

.G iloyall

olhi.Lijgallls, Co2Aiwl 2024 pilis caa
6aga Jlaane aaalanl augilill dlelaoll glhill guwlg diggi
i wSill Ciligiwe galeAil elia waa Loy ,ép0i waoll oluoll
ool plhill Arug.ciwlgyl p5lig .cllahllyilaig .ailaall
auiell augilill Cilclaall 40 9gla Jgalo 35, aile L0 Lalc
(n2w5ill i 6elas nus 4 iy jjos Lao Lings (nawsill

.adiloll aanll g


https://www.lake-elsinore.org/665/Nanobubble-Pilot-Project
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(ZLD) Jilguull Spanll £yl

anliill Lo el wale aoilall anblidl Glisill Joeig
6clad uuni wale [FO] waoloill analiillg (RO) waws oll
[ZLD] il anll ¢l alll 61167 wa a d dlhll plaAi wl
eligiwlg wa dsill glaipls Gliaai elliep JIj U ela g og
Jioi juosull wadlle caalell Jglanll Gbilai ajlal JIj U .adalhll
Jilgull spanll ¢lpall nhil caa Lin) Lialnialg Liiy Liaai
3)lgall éalwiwl A pa wale dudiwell dljg bill  5yig .ZLD
2j0i agiJoaldqjallanaiio dalhll jalno o dalaiwilllg

ayalnial sgaag aolaiwl fisi (ZLD) aypanll Jilgull

Ayl waleg aanll wmll alyo go galaill alle o yllSig
GLhill g wlgllaloicll gla . glhill dowlg Jdléauhiagag o
Loo .aalhll wale wilhllg aedipnll adlowigdl Glaaill apao

Jylg-nllg d_alhll daleiwl JlLiidi caajlaill g aa

aalloal padio agi go (ZLD) Jilgwll Spanll glyayl
alilbwll Gbileill g o g Aill wale oot caanll wamll aluo
an Lildy ¢lyi p o Liydi alinll |5 pladiwl dalclg daleiwlg
ailgl aalgi wall cilclinll wa a éunill 1Ly ol g g b aa
GigJill goaallwale J ooii).aluoll wad Gjaig & ojln adiu
ilgull 161 2 piaLoicl pug.olunll phaiiwl belas ohinig
aclingadalhlldlbao waa lg glhiwalc (ZLD) aanll
vl G-hliall cad anlag ailiossll Gl clinlig Cilag wioll
.6a1inll dilugllg aigllg guadl o oluoldl 2w o wailod

Soull asig ALl

(TRL 8-9) anill aule auiai (ZLD) Jilgwll spanll ¢lyall 1oy
fslaine Jglawllaalhllaanis aylaaahil go dyg hi
anliillg (RO) vwAell aaliill Jio anineill cale 1 nioi dclas
Jaiy aldisill eagl gguwll aloicl aljfug (FO) waoloill
auouhii Lbhgen aalgi wall dlclinll wad anlag .gjlwio

(MRL) @guull dsjtply Sgimn

(TRL) ayiaill ayjopla sgiuwog (MRL) Ggull aujola Sgiuwn cang dlhlbnall gugold pwd (ad 1agy


https://smartwatermagazine.com/news/hrs-heat-exchangers/increasing-interest-zld-driven-costs-and-environment
https://smartwatermagazine.com/news/hrs-heat-exchangers/increasing-interest-zld-driven-costs-and-environment
https://smartwatermagazine.com/news/hrs-heat-exchangers/increasing-interest-zld-driven-costs-and-environment
https://smartwatermagazine.com/news/hrs-heat-exchangers/increasing-interest-zld-driven-costs-and-environment
https://www.sciencedirect.com/science/article/abs/pii/S004896972204178X
https://www.sciencedirect.com/science/article/abs/pii/S004896972204178X
https://www.sciencedirect.com/science/article/abs/pii/S004896972204178X
https://www.sciencedirect.com/science/article/abs/pii/S004896972204178X
https://www.sciencedirect.com/science/article/abs/pii/S004896972204178X
https://www.wetsus.nl/research-themes/desalination-concentrates/
https://www.m-chemical.co.jp/sterapore/en/zd.html
https://www.ge.com/news/press-releases/ge-provide-wastewater-treatment-technology-chinese-coal-chemical-plant
https://www.gea.com/en/chemical/industrial-effluent/zero-liquid-discharge/
https://www.alfalaval.com/industries/water-waste-treatment/industrial-water-and-waste-treatment/zero-liquid-discharge/
https://www.aquatech.com/applications/water-reuse-and-zld
https://www.veoliawatertech.com/en/expertise/applications/zero-liquid-discharge-solutions
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.Gadooll Jowill allhiog aalhll Gllhiog

Linllc Galaiwnll gugjall

ghadl proni iy :gagall anlill puonill Gldhio
wamll olwal 62220ll pilnall Laag (ZLD) Jilqull spanll
eeaw 5 wuwliy aalg agi glila .auanll aiull cagyhlig
dallenl annio Jgla wall @l ellip gl 3] Jlea e ol

ESWP .awnuhiill cildhiollg asgall Ciliglall Cilegnan

aullell aaglall Bagi gi gans algall Galgi Cilbsiio
ghall caa 6j5p0ll dnloll Jullholl cailogSll cusdyillg
ool wa piaillg 5Ll wl] (ZLD) Jilgudl spanll
alclall aalleall Cildac Agaiig auwlioll algall jlial aoig
SAMCO .ull4uiinll 0ap (3o a1e4ill g (ol

.olall aalleo wl] aalayl aylgall Galeiwl &ilso)
auoill Jio .anusll algall aljaiwl Jrgwi (ZLD) agil g0y
waullsi gugei wall 1Ak $agy 1lg .l oo go .galenllg
2ylgnll plaiwall plhaaiwdl Ll jjoi Ji cuwaa Jisidll
Waterman Engineers
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&l 5l anllell axiwll Clwluull Sa§i -Gl ailgll
Jaaig (ZLD) Jilgull spanll ¢halll aliai alaicl wall
cluil 2igllg Lgjgig éaqinll Ciligll ad arouhiill Ciligll
allgi Jio dilclin waa (ZLD) ayanll Jilgull gyai agi
Jlitodl waulsi 6alj wall ags Loo ilaguwinllg aalhll
IMARC .aiiaill aniei U Gl Cilgall

a6 isalgll hianllg Luwl adhio janii waoudéyl alaicl
anapl Jini 3] (ZLD) Jilgull spanil ghayl djiaialoicl
ailgllg puinill glha cad eadill gjlud i Gguull caa
walc -aigllg quall Cuhyag .wamll oo aalleal aojlnll
ghadl Jou loo waymill wale dojln 13g16 -yagnall aag
M Heavy alao Jliioill lawla 14 (ZLD) Jilgudl spanll
Tech

awaigll wadlsi ggai gl gany uedill wllail
2wlg (ZLD) Jilguwll spanll ghalll clullg Gljuinllg
aulil Layni dnonno gl wilhii Lo Lllég a5 Glbill
Gaaal algauall aggall j5)ig .6aaaall arclindl Glalial
ajlall pladiwlg Cilooll dclas quuai wale wadlaill
M Heavy Tech alap .aalhll aloiwd ajagoll
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[ Uﬁ.mg liglall JLaig .abell pladiwl dale] jjoig waanll wmll alo wupmni o (ZLD) Jilgwll spanll gliadl aiidi Jlaj

Jilgull spanll ghayl aloicl aguy U ajlgall aloiwl
wle Jooy Ji auwna wmll alo aallen walce (ZLD)
ogignll dlins Jio Lyl ansall aygilill Cilaiiall aljaiwl
galeiwl pguig syl auclin aloig pgiagnll ayglsg
20 lclinl aialal Cilalyl Glaaai Gla waa o yjlgall

Envir. Sci. & Tech alap .syilallalniddl agi pca

Jny Lo (ZLD) Jilgull panll ghayll Jijs «iliglall Juldi
dlmniwollg aléill galeall Jio Jiligloll o 99% wall
Jilpaudig leiill Gigli gios Loo ,adiaall gilalllg auidanll
auul jlmaill go Jléig asilall aiull abill waoay log

Envir. Sci. & Tech alao .sanllalgh

all wmll alo o2 Juldi Jua go :apiaill éuiudl poc
Jilguull panll ¢hayll gany gyaillg aallenll bl
wamll olol adlall agiaill addl wale heall Juai (ZLD)
Juldig calyeubiill Loyoc allbl wll 834y 26 oo &l

aiull 8l alao ailunll calai

Cililnadig il

Jilguull spanll ¢hayl ¢aos -abnll aleiwd Jlc Jano
loo .amll oo 3o 100% (o wpdy Lo alagwl (ZLD)
Cibaldl adiwia ,anell alall jalno wale pailill go Jlas
Glbaog dbigloyallg dilaguwinll aclin (Jio dilelinlig
aclaall adle alall éaleiwl Jgla go jud J4uiu aalhll

ZLD pgpan .cadlaillg elilgiwll Juai cale aclui call

dilqull spanll glyayll aloicl wlhiy :adlhll elilgiwl
w4 fio Jal aclw Glgghs 25 wal] 20 gqu Lo (ZLD)
aulaill aallenll fisy Gga) Lo govg aallenll oliall go
adlbll aiigill aap elugiwl 3o pcjll waleg .amll ool
Julai wall époiwell aiigill Glghill waagi aalisy
alao .aalsill cua go adelall quuaig aalhll elugiwl

Envir. Sci. & Tech

sronll glall uoii wllai wuji :6alsill wle Calpiill
wuy ayaulaill aalleall go fis1 Glpo 3 wal) 2 (u Jilgull
Joudii el gog ailedillg allowil sl cla)l
Jdulaig .oboll cpw wadlai ghleiil sanll aligh allgall
LC- .éajuunll 3)lgall go dlalpilg .auouhbiill dlallaall

CMR


https://www.sciencedirect.com/science/article/abs/pii/B9780323917452000061
https://www.sciencedirect.com/science/article/abs/pii/B9780323917452000061
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://www.lccmr.mn.gov/projects/2016/finals/2016_04m_mpca_report.pdf
https://www.lccmr.mn.gov/projects/2016/finals/2016_04m_mpca_report.pdf
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://www.sciencedirect.com/science/article/abs/pii/S0301479723024027
https://eswp.com/wp-content/uploads/Copy_IWC_19-06_ZLD_Lessons_Learned.pdf
https://samcotech.com/five-common-problems-zero-liquid-discharge-how-to-solve/
https://watermanaustralia.com/the-environmental-impact-of-zero-liquid-discharge-systems/
https://watermanaustralia.com/the-environmental-impact-of-zero-liquid-discharge-systems/
https://www.imarcgroup.com/zero-liquid-discharge-systems-market
https://www.mheavytechnology.com/news/zld-water-treatment/
https://www.mheavytechnology.com/news/zld-water-treatment/
https://www.mheavytechnology.com/news/zld-water-treatment/
https://www.mheavytechnology.com/news/zld-water-treatment/
https://www.mheavytechnology.com/news/zld-water-treatment/
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( ylgoll éaleiwl Cililbolg .arorhiill hgonllg auiaill Aljlaudl wale (ZLD) Jilguwll spanll ¢lyayl Jidiwo aniog

bl aagill

ghalll @gw Jny gi paginll o Guldimall Cilodgill
2033 plc Jglay j1lga jlilo 14.9 wal] (ZLD) Jilgull spanll
Jlghill j5fuwg .6.8% ajad 150 Sgiw goi Jaooy
Aaalaill ¢ua go alclall aalhll Jgla wale adidiwoll
anag .aclibnill c153ll wale anildll Gblo=ll Juuaig

IMARC .ggualljlil go 2all @aaaiell aalhll

anlill Jio aubldl Gligill Jooi -aiiaill Clghill
aelas uuai walce (MD) wilitell nhaillg (FO) waoloill
0igl gaoug aylaill yraig (ZLD) Jilgudl spanll ghall
(ZLD) Jilgull spanll ghhagdl anhil Jeoai gi cljlaudl
gruy Loo iball go 5T 2ael allall @alill go &aao
Role alap .camll alo 6jla] waa gwlg Glhi walcaloiclll

of Sci &Tech

dilglll g B Arahiill GlSpnllg Glwluadl
agialoicl 6alj wal] ol fi51l aolaiwdll waladig ayill
Aaii wale dlogaall Jowig (ZLD) Jilgull spanll ¢lall
plaAiwl Gale] puig wamll alo waymi ¢o 2§ Gilwluw
&yliny (ZLD) Jilgull spanil ghaul agi Jeoy loo .aloll
ajai 4o wailei wll @hlioll aa anlag JLiiol ayadilfiwl

Envir. Sci. & Tech alao .olall

qu=ill Jida

Hghi g0 Aol guuail doadioll dulwall @1inill
ghadl Gldac quuai go ajghioll aylwall a3loill
aalhll eligiwl gu gjlgil §1a1ig (ZLD) Jilgwll spanll

Jfiwg Cijgi avola dull ilillg aalAillg

gaallgf ui gl (ZLD) Jilgull spanll ghal anbil
spanll ghol anhil s asiliallg aylall llasll g
Joa oo aulnadl eladll iy diagll (ZLD) dilguul
ua g0 dulela fi5ig Lgull Jgogll wna algguw fisi aiiall

IDE Tech .dilclinll calianl aal4ill

wa pasill A -dyyall algoll Guildiidl &aleiwl
Jio -doud algo alpiwl gl aapll (Gga olndl auai
wall Jblaill g)lao Jgay oo wamll olio go -pgioiaguill

Chemical Physics alao .ajlgoll daleiwd ynya



https://www.imarcgroup.com/zero-liquid-discharge-systems-market
https://www.researchgate.net/publication/387813664_From_Challenges_to_Opportunities_Exploring_Minimum_Liquid_Discharge_and_Zero_Liquid_Discharge_Strategies_for_Wastewater_Management_and_Resource_Recovery
https://www.researchgate.net/publication/387813664_From_Challenges_to_Opportunities_Exploring_Minimum_Liquid_Discharge_and_Zero_Liquid_Discharge_Strategies_for_Wastewater_Management_and_Resource_Recovery
https://www.researchgate.net/publication/387813664_From_Challenges_to_Opportunities_Exploring_Minimum_Liquid_Discharge_and_Zero_Liquid_Discharge_Strategies_for_Wastewater_Management_and_Resource_Recovery
https://www.researchgate.net/publication/387813664_From_Challenges_to_Opportunities_Exploring_Minimum_Liquid_Discharge_and_Zero_Liquid_Discharge_Strategies_for_Wastewater_Management_and_Resource_Recovery
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://pubs.acs.org/doi/10.1021/acs.est.6b01000
https://www.eurekalert.org/news-releases/1065298
https://ide-tech.com/en/blog/zld-will-transform-wastewater-management-in-2024-heres-how/
https://arxiv.org/abs/2111.00634
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j Loo waaloll Jglanll dallens &)lpalljglill 6319 og-dig
glrayl @ algiug .Clylaill g o J1aig aluall pladiwl dalc] o
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https://www.c40.org/case-studies/cities100-washington-d-c-world-s-largest-thermal-hydrolysis-plant/
https://www.c40.org/case-studies/cities100-washington-d-c-world-s-largest-thermal-hydrolysis-plant/
https://www.aquaenviro.co.uk/wp-content/uploads/2015/06/Mills-N.-Thames-Water-Thermal-Hydrolysis.pdf
https://brownandcaldwell.com/innovation/thermal-hydrolysis-pretreatment/
https://lystek.com/technology/lystek-thp/
https://www.stantec.com/en/markets/water/wastewater-thermal-hydrolysis-processing-thp
https://www.stantec.com/en/markets/water/wastewater-thermal-hydrolysis-processing-thp
https://www.veoliawatertechnologies.co.uk/technologies/thermal-hydrolysis
https://www.cambi.com/

Lpohaiwl éalclg wamlli oo dalleo _olinll clhé caa jlaull dilgagi

T I

waullai Julaig poAill dclas éalj wale Lgijad go dalaiwillg . s)lall Jaill aoa cale dugifl camnll ol Galjo Joxi

.Syilall alniaul wlasl acag . alaill

Linllc Galaiwnll gugjall

Gylall Jaill ankil 416§ anwy Gbail audl aclas
oAl Joai Gidaes 8aljy wmll olo dalles Glhanl
dnny gquuail aowi Lo adlall Aliljall dow 6alj gga

9all5g g1y adlowigl (ilaaill Juléaig Galyoll

G)lall il Glugai jagi -Gegiinll gigaill i
Lljo 4oAill 2y Log yoAill Jué Lo Cilalac] Jio .aalianll
8aloiwlg ol alljl cale 8jaall quuai el waa Loy 88
ahaall Cilalial wale 2y gaunAill aowy loo aalhll

Lol .62l

Jlill aduuell dalleoll Jooi poAill Gelad juuai
(0 )1 Loo juS JSuiy cailgep il podill (quwai cale ) lall
6loall paa Julaig 20% wall Jni auuiy sguall jlell alii]
Lilgua a5 sl acla4sy aalb wall Gbladl Jigai wallillig

alwnll Ciliibil

41

amlll pagll

Gyl Jaill a8l Ggw Lnd dallell Gguul gai
2024 plc waa wasyyol jilga jlulo 1.89 wallg aunllell
Jglas wa4yol jilga jlulo 310 wal] Jny gl péginll (og
aln0.8.60% 0jaa 150 Sgiw gai Jaoo i 2030 plc

TechSci Research

Jhill anhil aoley Ciliio Ganicl Gl Cliiall
juls gli aoadinll wmll alwo @alles ahao Jio .s)lall
8 sjlja Jlai plhi sl pai willg aanlell gbiblg waa
Ligiw aalall aulnll algall o h wali 135 allei 3] . allell

waols

pohil al5g Ligud io syl podi EA Cilghil
aunll algall go apus ciloal syl Jaill Gldac
ann) Julaig (sguall jlell aliil 6abjg aloall ajla] quunig
olo aalleo waa @jilall alniadl Jol4i pjeig .galoll

amll

lpohAuwl éalclg camll olo aalleo _oliall clhé caa jlaill dilgagi

Ciliilnaillg syl

a0 34j1g .augaall aulnll algall 83ga gwg 6loall pa1 go Jlaig «sguall jloll aliil jjei wale )il il ooy

lgiohiwlg wamll alio dalleo aclas

js ol aaoy sl Jaill gi ] Gyl i -gliyedl Al
auuiy Gblaill ahdinll loall go 22aall glisell alii] 4o
aalhll aliil aabjll 0a®p jioig .53% wll 31% gqu aglfi
olo dallen dilloc aohiwl waa oguy oo ,d311iall

Water Res. Technol alao .aynll

Jill anhil wusyi 4oy Gdiall agaill aidl waa aoall
anwig aldhll wmll oo aalles Galo waa )il
lgilloc pghiy Jlbaoll wiAaill wle apall aag
aloli Aladn] wll aalall gga .aclaslig chill guuaig

Water and Wastewater alao

Ciliilnaig jiill

wal] Sylall Jlaill Aaii agy Oi gany «seaall jlall alii]
gl poAill eliil us Jady gl jlall alii] aak;j
80-75% gais sguall jlall aliil aabj wal] Cilwljall Cylisig
ablaill ahdiiall 6loall wale s)lall Jlaill pladiwl aic
alio .and &3 aalh jano wll Glbleill Jgu loo

Water Sci Technol

p22 o Jela Jaiiy Glall Jaill Jlay loall Julai
la® 5241 «amll alwo aalleo Cildac (e axilill ainall
aloall po Joloilly abhgipall wdlaill aai wll Julaill
Water and alao .lgijlad Jai algo 2agi 3l .lgio yalaillg

addl waa walgill jlaiiwdl gi (na waa :aalniadl sgaall
ailgall gi U] Jdjus ggsy al Gany Sl Jlaill aiaill
jledl alil guuai Sagug s Jalll aigh aialnialll
plaal Julai s3g) oS aalhll wllsi s wll sgall
nagi wa aguy oo lgio yalaill Gilaai raa wal) aloall

Water and Wastewater alao .adloal aalsill

Wastewater
Jhill aallenll aloall jghi :olodl @lljl Gl guuai
walloa] A gl gaoy Liod Gjjeo (el nilna sjlall
&j5pall aphall 6loall a405 waa adnll algall Bgiao
.a1gio a)a 170 aic )il JIaill 201 50% (e uji i
aloall g2 go Jlaig ndi aclaas olall alljl Jguu oo

Slgly Goola


https://pubmed.ncbi.nlm.nih.gov/19001706/
https://pubmed.ncbi.nlm.nih.gov/19001706/
https://pubmed.ncbi.nlm.nih.gov/19001706/
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://scholarspace.manoa.hawaii.edu/items/0a96bed7-4b44-4253-aa1a-9ad3f46edfb5
https://scholarspace.manoa.hawaii.edu/items/0a96bed7-4b44-4253-aa1a-9ad3f46edfb5
https://pubs.rsc.org/en/content/articlehtml/2022/ew/d2ew00206j
https://pubs.rsc.org/en/content/articlehtml/2022/ew/d2ew00206j
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://www.waterandwastewater.com/thermal-hydrolysis-in-wastewater-treatment-enhancing-sludge-management-efficiency/
https://brownandcaldwell.com/innovation/thermal-hydrolysis-pretreatment/
https://www.cambi.com/blog/thermal-hydrolysis-configurations
https://www.veoliawatertech.com/sites/g/files/dvc3601/files/document/2020/09/54649-Next-Generation-Thermal-Hydrolysis.pdf
https://www.veoliawatertech.com/sites/g/files/dvc3601/files/document/2020/09/54649-Next-Generation-Thermal-Hydrolysis.pdf
https://www.techsciresearch.com/report/thermal-hydrolysis-technology-market/12813.html
https://www.techsciresearch.com/report/thermal-hydrolysis-technology-market/12813.html
https://www.cambi.com/customer-stories/washington-dc-blue-plains/
https://www.cambi.com/literature/thermal-hydrolysis-achieves-asset-optimisation-and-high-biomethane-yields
https://www.veoliawatertech.com/en/publications/articles/next-generation-thermal-hydrolysis-process-high-solids-thp
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https://www.nature.com/articles/s41545-022-00197-8
https://www.nature.com/articles/s41545-022-00197-8
https://www.mdpi.com/2076-3298/7/10/78
https://link.springer.com/article/10.1007/s42773-024-00356-9
https://link.springer.com/article/10.1007/s42773-024-00356-9
https://www.charlottenc.gov/Growth-and-Development/Projects/McAlpine-Creek-Wastewater-Management-Facility-Thermal-Hydrolysis-Process-and-Biosolids-Improvements-Project
https://www.cambi.com/blog/thermal-hydrolysis-configurations
https://www.sfpuc.gov/about-us/news/sfpuc-selects-cambi-thermal-hydrolysis-technology-new-biosolids-digester-facilities
https://www.sfpuc.gov/about-us/news/sfpuc-selects-cambi-thermal-hydrolysis-technology-new-biosolids-digester-facilities
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https://www.dcwater.com/bailey-bioenergy-facility
https://www.dcwater.com/bailey-bioenergy-facility
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https://www.xylem.com/en-us/making-waves/water-utilities-news/wastewater-treatment-plant-uses-ai-to-reduce-aeration-energy-use-by-30-percent/
https://www.xylem.com/en-us/making-waves/water-utilities-news/wastewater-treatment-plant-uses-ai-to-reduce-aeration-energy-use-by-30-percent/
https://thesourcemagazine.org/singapores-route-to-an-ai-enabled-future/
https://www.xylem.com/en-us/making-waves/water-utilities-news/wastewater-treatment-plant-uses-ai-to-reduce-aeration-energy-use-by-30-percent/
https://www.wetsus.nl/news/wetsus-member-dutch-artificial-intelligence-coalition/
https://techcrunch.com/2022/12/13/oxyle/
https://pme.uchicago.edu/news/innovating-ai
https://www.gradiant.com/technologies/smartops-ai/
https://biobot.io/
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https://www.rockwellautomation.com/en-us/company/news/the-journal/how-ai-boosts-energy-efficiency-in-wastewater-treatment.html
https://www.rockwellautomation.com/en-us/company/news/the-journal/how-ai-boosts-energy-efficiency-in-wastewater-treatment.html
https://www.rockwellautomation.com/en-us/company/news/the-journal/how-ai-boosts-energy-efficiency-in-wastewater-treatment.html
https://www.jacobs.com/newsroom/onewater-reflections/ai-and-machine-learning-wastewater-treatment-optimization
https://iwaponline.com/wst/article/90/3/731/103673/Optimizing-wastewater-treatment-through-artificial
https://iwaponline.com/wst/article/90/3/731/103673/Optimizing-wastewater-treatment-through-artificial
https://www.mdpi.com/2227-9717/13/1/59
https://www.mdpi.com/2227-9717/13/1/59
https://www.mdpi.com/2227-9717/13/1/59
https://wcponline.com/2025/03/01/the-role-of-ai-in-water-quality-management/#google_vignette
https://wcponline.com/2025/03/01/the-role-of-ai-in-water-quality-management/#google_vignette
https://wcponline.com/2025/03/01/the-role-of-ai-in-water-quality-management/#google_vignette
https://wcponline.com/2025/03/01/the-role-of-ai-in-water-quality-management/#google_vignette
https://wcponline.com/2025/03/01/the-role-of-ai-in-water-quality-management/#google_vignette
https://www.insightaceanalytic.com/report/ai-in-water-and-sanitation-market/2717
https://www.insightaceanalytic.com/report/ai-in-water-and-sanitation-market/2717
https://www.idrica.com/blog/how-ai-and-digital-twins-are-changing-the-paradigm-in-treatment-plants/
https://www.mdpi.com/2073-4441/17/2/170
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https://www.nature.com/articles/s41598-024-76915-8
https://www.nature.com/articles/s41598-024-76915-8
https://prism.sustainability-directory.com/term/decentralized-ai-water-purification/
https://prism.sustainability-directory.com/term/decentralized-ai-water-purification/
https://wjarr.com/content/review-smart-water-management-iot-and-ai-water-and-wastewater-treatment
https://www.startuphub.ai/kando-secures-10m-to-leverage-genai-in-reusing-wastewater/
https://globalwaterawards.com/2023-breakthrough-technology-company-of-the-year/?utm_source=chatgpt.com
https://globalwaterawards.com/2023-breakthrough-technology-company-of-the-year/?utm_source=chatgpt.com
https://globalwaterawards.com/2023-breakthrough-technology-company-of-the-year/?utm_source=chatgpt.com
https://albertainnovates.ca/news/ai-makes-a-splash-in-water-treatment-optimization/
https://albertainnovates.ca/news/ai-makes-a-splash-in-water-treatment-optimization/
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Saudi Water Authority

acballaloll a4 uds

National Water Company

oladl culalpid duageudl dapudl
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