A METHOD AND SYSTEM FOR OPTI M ZI NG MEMBRANE CLEANI NG PROCESS FI ELD OF THE
| NVENTI ON The invention related to the field of reverse osnpsis separation

process L\%ﬁ%ﬂ?ﬁzﬂgsal i nati on and waste water reuse pro%%%ﬁ?zdw/ﬁtﬁﬂz
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parti cul ar e Invention relates to a nethod and systemitor estimating
the effectiveness of the menbrane cl eaning. BACKGROUND OF THE | NVENTI ON The
reverse osnosis (RO separation process is becom ng increasingly inportant
in the [ ast two AlMEBEOD ANDASAIEMEAOR OPIAMIZESGMUMBRANE (JE AND¥GSss. RO
process is ainmed at replacing the convgﬁtd&ggn energy inefficient processes
nanely, thermal process & chem cal process: is was possible after (i)

di scovering | ow pressure and high rejection nenbrane at |ower cost and (ii)
integration of energy recovery device (ERD) for recovering energy from

rej ect streanpipMs O TREARNVERTONANE separation processes are proved to be
energy efficient than the conventional process, the nenbrane separation has
[ ts own demerils  Sueh A% aRe fau! dni LICRABLLL WoidhMBRILEuMIB! fF T A
at menbrane surface due to concentration polari za |on5) I.e. "the
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chem cal foull re'ng, Fesye el Vel y. RS 3 requet, nenbrane separ a fon process
beconmes inefficient over a period of operation due to the decrease in
production flow rate because of -continuous fouling at nenbrane surface. In
general the REACKGROUNDEOSIHEINVENTIONCommended feed pressure and feed
flow rate given by nenbrane operators, but in real systemthe opti mal

oper ati ng conphd e@isedsaidsia BROLRParRiRSHoUeSs i&bbdotithd At@asidly in}Rrtahtan Giengst Wi t h
respect to nmenbrane operating condition. To overcone this issue, Menbhrane
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controling mephang theUWonMhtieRdideto9NineMdidh@YabeekRs MBIER), aleitnal dodss &
operated at their optiml operating conditions, the fouling at nmenbrane
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chem cal cl eagiQ6A0G: TEWLF a5 Jn@pdiﬁciﬁfégﬂﬁo@ro@ 43RS RBLveRF tdeVict | @RD) Ofor 2l |
menbrane separation processes. Presently the due Tinme for nenbrane
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its own demerits such as membrane fouling (deposition of unwanted material at membrane
surface due to concentration polarization) i.e. the accumulation of solute molecules near
the membrane surface. These materials can be either biological or chemical in nature
resulting in bio-fouling or chemical fouling, respectively. As a result, membrane separation
process becomes inefficient over a period of operation due to the decrease in production

flow rate because of continuous fouling at membrane surface.

In general the RO trains are operated at recommended feed pressure and feed flow rate
given by membrane operators, but in real systém the optimal operating condition such as
feed pressure & flow rate will be changing with respect to membrane operating condition.
To overcome this issue, Membrane Performance tool is available to estimate optimal

operating conditions for controling membrane fouling condition.

Although the membranes can be operated at their optimal operating conditions, the fouling
at membrane surface cannot be avoided in membrane separation process. Therefore the

chemical cleaning and membrane replacement are inherent activities for all membrane



In order to mnimze nmenbrane fouling in RO process, the feed water to
menbrane is treated continuously with fouling control chem cals such as

ant i scal aRb3011/1384gh anti scal ants di ssol ve t he subst ancegtagssigdated near
t he nenbrane surface and reduce the rate of fouling, the high dosage of
antiscalants |leads to increase in RO nenbrane degradation. Therefore,
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opportunity to develop an advanced tool for estinmating effectiveness of the
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system for Opttl mezat o of menbrané cleani ng process It is

t her ef ore an mhiodot time anf thehbringnybrkit@oparaioopt i m ze nenbr ane cl eani ng
process to provide automatic solution and cost savings by mnimzing plant
down tine andCapenit rpedctics ef olearbrans cddaamy is|besadi oy rechmmicnddtions diomerivbeane
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per f or ni ng de@'ﬁ% Cﬁlgfnilc(% )3 %g{f@e Gl Membhege 6{?“35%? g)tclgsrslds {! %tew?lg(a/‘g[?@aeted

osnosi s nmenbr atlahat ecdn aagplpompoasnityf wrdeeecleomt advhhced tdol fe ebtimatmigedfiactivgnand
with a cont ro»II{tgd vabue f chem.cal. concentration in a chem cal |iquor
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a) Estimte f”?l'ilc! Irril’]e bsrgn%t Hgan%fg Epe?nigt?yngﬁg ans’ h}gd'?gdynamics are vital in deciding the

effectiveness of membrane cleaning. However, it is very difficult to represent these
processes mathematically due to their complex nature. Therefore, it requires a simple

alternative method to identify the effectiveness of the membrane cleaning.



b) Determ ne the controlled value of chem cal concentration needed in the
chem cal liquor and the controlled tinme needed for cleaning based on the
foul i ng syatwe/Bhorkhe nenbrane. The val ue of chem cal cepggaBidIGHdeRL and
ti me needed for cleaning based on the fouling status of the nmenbrane are
determ ned using optim zation techniques for cost effective and efficient

operation of the plant The system for reverse osnosi s nmanagi.ng nenbrane
cl eani ng proé@é§“WHMH%pﬂ§nFﬁﬁ@WPE?%fﬁgtﬁé§ﬁpVﬁﬁiliﬁnﬂg ﬂﬁéfgg%&g emical

treatnent by QR&mkioAand e plEVEWEAIASHADE mifiH¥dane cl eaning process for a
controlled time for cleaning and with a controlled value of cleaning
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DRAW NGS controlled value of chemical concentration in a chemlcal liquor prepared for cleaning the

membrane, the method comprises of the steps to:
a) Estimate fouling status of the membrane; and

b) Detennine the controlled value of chemical concentration needed in the chemical
liquor and the controlled time needed for cleaning based on the fouling status of the

membrane.

The value of chemical concentration and time needed for cleaning based on the fouling
status of the membrane are determined using optimization techniques for cost effective and

efficient operation of the plant.

The system for reverse osmosis managing membrane cleaning process in a plant
performing desalination or waste water treatment by operating the reverse osmosis
membrane cleaning process for a controlled time for cleaning and with a controlled value
of cleaning chemical concentration in chemical liquor prepared for cleaning the membrane

is provided. The system comprises of:



The subject matter of the invention will be explained in nore detail in the
followng text with reference to preferred exenplary enbodi nents which are
illust rat&%’bﬂlltg%k%attached drawi ngs, in which: Figure }-$aRsBbI53 | Y
shows the menbrane cl eaning system Figure 2 illustrates the cleaning
reaction kinetics; and Figure 3 illustrates the architecture of the

cl eani ng automati on bl ock WO 2011/132016PCT/1B2010/ 002472 reference

symbol s used i n a Hemgmbwinagerforaaeretondite obipin therrpambragedoplingtsg@isi n summary i n
the list of reference synbols. In principle, identical parts are provided
with the Le ref &) dnser sipibwnsors 9 obkén faltggreegtratipnipfemayesaphprhapcH darer be
observed that nmethod steps and system conponents have been represented by
ventional synboled Am avtemationyblogk to AdBURIBET eencyntgtier qfi deagigashicaigahdp thy e
relevant for an Leg gnz&gii cof the present disclosure. In the present

di scl osure, the nmethod steps are d to distinguish one entity (steps) from
anot her enti W‘E I\Merhﬂah@ a%&&g&%rtbémnéwpé ¥dsBd o MattehiatiCal OF A8t RSN GvHcREn

nmet hod steps. Further, Iéet alls that rmay be readily apparent to son
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sensors used jin ur #p ﬁ nk f the present disclosure
provi de a rret%%&@%%u%ynsq%g%ﬁh?%@t%s |e(r)rtg1f‘1|1 0 aZl(l:sﬁ'i veness of nmenbrance cl eaning

with use of estimation block and optim zing chem cal nsunption to inprove
pl ant down time. nenbrane chem cal cleaning system 100 is shown in Figure
2. The nmenbr ape, Plefeled GlaB@iiofi gheSSérioch, LAOhE agetiddH6 MandYiIRBerhbRné bRinihs

bei ng cleaned with a aning chem’zagﬁal .salution aand.var' ous system corr.pon?nt S
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nmeasur enent  t Qal inlfidcheRN@] AGuorBalis SBRKRE Svith Residence Time Distribution studies.

In another preferred variant of the invention, in the system for managing membrane
cleaning process, the automation block used to administer addition of fresh chemical to the
chemical liquor has an optimizer to compute optimal value of chemicals and optimal time

needed for cleaning.

In yet another preferred variant of the invention, in the system for managing membrane
cleaning process, the automation block administers addition of fresh chemical to the
chemical liquor through one or more control valves controlling the flow of circulated

chemical liquor and the flow of fresh chemical into the chemical liquor.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the invention will be explained in more detail in the following text
with reference to preferred exemplary embodiments which are illustrated in the attached
drawings, in which:

Figure 1 schematically shows the RO membrane cleaning system;

Figure 2 illustrates the cleaning reaction kinetics; and

Figure 3 illustrates the architecture of the cleaning automation block



to measure chemical concentration and cleaning automation block 160 to
control the )cess of cleaning and manage usage of the cleaning chemcal.

cl eani ng ¢ eig]l%kmhs stored in cleaning chem cal tank 1%%Tﬁﬁﬂ)1j)/h02i4§2
e ring thrs tine

re-circul at ough the foul ed RU nenbrane system 110.
there is no regular feed nit to the nenbrane system The output cleaning
chem cal fromthe nenbrane 110 is amn fed to the cleaning chem cal tank

120 for reci r&é}eﬁ%%nb«? 10%s é)ﬁf:ﬂ{%tcﬁ %'ir%@ #d ﬁfél&ﬁlaad%%s' afteRSteR e s@iatyo t he

chem cal reac ween c eani ng chemcal and ganic/inorganic salts
deposi ted ovein ﬂlladlslmﬁbefarmcsusyrhhcle InTpenq)pl@cebstwaémaUﬁ are pSDVildJF vidk ébg ed
in figure 2. To maintain the eani ng chem cal concentration in the

cl eani ng eml‘%:%ferﬁ%“rﬂ(sw&lfl‘fllt #UP} esh cl eaning chemical is added to the
systemso as maintain is added to the systemso as maintain favorable
chem cal reaction rate. The fresh chem cal addition and the chem cal

recircul ati N rfp‘i%’ééﬁiﬁﬁ)ﬁy the cl eaning autonati on bl ock 160. The
concentration of cleaning chem cal in nmenbrane cleaning syst em i S esti rrat ed

T D o Gvabermtemad dsmenio) S o e armsnents Py el SRR )
ventional symbols in the figures, showing only specific details that are relevant for an
lerstanding of the present disclosure. In the present disclosure, the method steps are
d to distinguish one entity (steps) from another entity, without necessarily implying any
cific order among the method steps. Further, details that may be readily apparent to
son ordinarily skilled in the art may not have been disclosed and a mention of a term in
sular word form (eg cleaning chemical, sensor etc) are intended to also include plurallel
rd form or the variety generally aséociated with the term in the art (eg Vaﬁéty/plurality

sleaning chemicals, multiple sensors used in measurement etc).

ibodiments of the present disclosure provide a method and system for estimating
sctiveness of membrance cleaning with use of estimation block and optimizing chemical

nsumption to improve plant down time.

e membrane chemical cleaning systém 100 is shown in Figure 2. The membrane
smical cleaning system 100 has a RO membrane 110 that is being cleaned with a
aning chemical solution and various system components including cleaning chemical
k 120, valves 130, membrane performance measurement tool 140, one or more sensors
) to measure chemical concentration and cleaning automation block 160 to control the

ycess of cleaning and manage usage of the cleaning chemical.

e cleaning chemical is stored in cleaning chemical tank 120 and it is re-circulated
ough the fouled RO membrane system 110. During this time there is no regular feed
sut to the membrane system. The output cleaning chemical from the membrane 110 is
ain fed to the cleaning chemical tank 120 for recirculation. The concentration of -
emical will decrease due to the chemical reaction between cleaning chemical and
ganic/inorganic salts deposited over the membrane surface. The process temporality is
sresented in figure 2. To maintain the cleaning chemical concentration in the cleaning

emical tank, additional fresh cleaning chemical is added to the system so as maintain



The equations for initial conditions are as follows: C= Cht(4) V -
Vint(5) Were, V = Total cleaning chem cal volune, nB Fin= Inlet cleaning

chem cal WwbowdbAe NB/ s c= C eani ng chem cal concentr apic@igaiiofRay ane
system kg/nB8 cin=inlet cleaning chem cal concentration, kg/n8 Sm= nenbrane
surface area, n2 rc= rate of cleaning chem cal reaction, kg/n2 s
1(c-reaction rate constant, (kg/n2 s) (kg/nB)-a a = reaction order, (-}
cint=initial iseddedrie thetsygemase ag malihverblgicagmicalaggctign (Ats (Thp fegh ¢emica

cl eani ng chenj g, \iah WP ehefcal recirculation are controlled by the cleaning automation block

160.

The concentration of cleaning chemical in membrane cleaning system is estimated from

mass balance and reaction kinetic equations (1- 3) as given below

dv

—=F : 1
da " )

ch = Encin + Smr;‘ (2)
dt

Kinetic equation for reaction rate

v, =—k.c’ 3)

c=c,. o @)
V="V (%)
Where,

V = Total cleaning chemical volume, m’

F,-;= Inlet cleaning chemical flow rate, m’/s

c= Cleaning chemical concentration at membrane system, kg/m®
cin=inlet cleaning chemical concentration, kg/m® |

Sm= membrane surface area, m’

1= rate of cleaning chemical reaction, kg/m2 ]

k.=reaction rate constant, (kg/m2 s) (kg/m3 )*?

a = reaction order,b(-)

cin=initial concentration of cleaning chemical, kg/m3

Vin=initial cleaning chemical volume, m’



The fouling state of the nmenbrane is represented in ternms of Hydrodynam c
pernmeability (A and Solute perneability (B). The tenporal behavior of

foul i ng iWobbf/Beskrane i s nodeled with the foll ow ng e@gugiibignods2 71(6)
The initial condition is given by x(0) = xn(7) where, x = Fouling state of
t he nenbrane which could be A and B = Irreversibile fouling state of the

menbr ane whi ch cannot be restored by chem cal. cl eani o =1Initial foulin
Ctate of t he PRennanss iR ok e oS SR arHEL Fom A A B RaE e

foul i ng noni tQy)idxg SHDkeelpbieadiley (BHMIRE Renpaei beRdVRIRGE fhaldlg ih4Be nfendidnb as
based using an ultra sound sensor to neasure fouling or based on a nodel
for fouling onodgid witthibe follomirerapaionsipr ovi des foul i ng status. The nodel
parameters nmay be one or nore foul ding parameters including hydrodynanm c
permeabi | i ty, —selfyfle—perireagbi lity, reflection ®defficient etc. In addition,
t he nodel may use plant paraneters such as feed pressure, reject water flow
rate, productTyghiil ddn@ition atgvenyoduct water total dissolved solids for
estimating fouling status (extent of fouling). The fouling status is used
as an input fefoydekgrm ning the optimal chem cgh usage by the cleaning

aut omati on bl ock 160. The cl eani ng automati on bl ock consists of a

mat hem cal nogrdret hat makes use of neasured plant data fromthe plant
control system or other neasurenment systeminterfaced with the cl eaning

automati on bl eekrohngtay bitthe fhembfibt WhitRasuld eeAdati® or data that is
esti mated based on one or nore neasured paraneters related to the nmenbrance

performance of, B R&e&SIbNE feuiafis@f ofCthe afbnib@ane | whieth cax6IR REredriyocienidal |
the extent of fouling in nmenbrane is estinmated using the advanced nenbrane
foul i ng noni tY%a%E sol ution in the foll owing ways (i) by estimating the

current Toul 100 RALaTEASLE Lo FETRgne ThdS! 11, LR e of yonly e ) ent
t hose of ear ! i8hbrane fouling monitoring solution
The membrane berformance tool 140 is either based using an ultra sound sensor to measure
fouling or based on a model for fouling or any other method that provides fouling status.
The model parameters may be one or more foulding parameters including hydrodynamic
permeability, solute permeability, reﬂ(?ction coefficient etc. In addition, the model may use
plant parameters such as feed pressure, reject water flow rate, product water flow rate,
product water total dissolved solids for estimating fouling status (extent of fouling). The
fouling status is used as an input for determining the optimal chemical usage by the

cleaning automation block 160.

The cleaning automation block consists of a mathemical model that makes use of measured
plant data from the plant control system or other measurement system interfaced with the
cleaning automation block to provide directly measured data or data that is estimated based
on one or more measured parameters related to the membrance performance or process of

chemical cleaning.

In an exemplary embodiment, the extent of fouling in membrane is estimated using the
advanced membrane fouling monitoring solution in the following ways (i) by estimating
the current fouling parameters from membrane model with the use of online plant

measurements and (ii) by comparing the current fouling parameters with those of earlier



cl eaning cycles to estimate the nenbrane degradation right fromthe start
of nmenbrane operation. Wth this information, the approxi mate dosage for
menbr ane WwheaniBgighem cals is estimted and t he foul edpggiBiraneegan be
initially fed with the estimted anobunt of chem cals. During the nenbrane
cl eaning process, the salts deposited over the nmenbrane are dissolved in

re-circulatin I|quor and its concentratipon i.s.to.he ured b usj
sui t abl e sen<EFRRMEYFles o eRMmatestR Fmbrane g?ﬂﬁ“’é‘eﬁ‘@étﬁi"\‘}’et IS&‘&? rﬁ%’i

nmeasur es cal cjpepariandwatt PRt @Jormdtish, BEl edppfRimast do¥add For m@mmeoale@lﬁﬁ@
from Residence Tine Distribution ((5‘ Q studi es perfaorned for chem ¢

with various <hemcalstis stinated addthe BHPIRge 60 H%HBV%{Wefeér’fﬂtht the e%‘t%ﬂtﬁfg of
foul i ng nonitkkd: Slehip@alt he studies. The probability distribution
functions is thus obtained through the RTD studies. It gives the anmount of
time the cl eapyAfy GREMetBland C88SideOpidBess, the Wafth Qdpdsited RRelMBIFDMBMBrane are
chanberfor effective cleaning and it is a function of the cleaning chem cal
concent r at i orflissalvad HexieulatingHower andhils asnialien isfto bhmmeasuprd bygpingsutabled on
a suitable d%%ﬁgoksog Y%xﬁﬁ;ﬁ@'s@ﬁéo?sahk@%@@@&‘?ﬁ/e (eRtl ehaBIndaSireLRhlbhum Y ue)
such as cleanin em cal concentration. At the begining of the process of
cl eani ng, theulpbaiekrtheanpdsh for estimeatign gelissvard datalfrogm eaidence dlime Riseimiion
chemi cal rem@ﬂ%%ud%@ p@ﬁ%&edsfo%m&&ﬁmtﬁ daﬂgﬁ foa@edtﬂan&h@seq%mﬁa{mg bf quor
as aresult o em cal Interaction wth 0 nbr ane hem cal
concent r at i ormeteyaeaged thhdtapsach éenliag Iasl}lmdoﬁweng/alllmetumes ehbe grobahidity

cl eani ng. The d&?ﬁu{]hrﬁmn nsdfs ﬁ&{l&ﬂ?ﬁﬂeé gPJE‘gB*?ﬁe RIB dahid. TR%iRs BR 4 léf.
concentration o resi nmenbr ane t .e i1ts fouling
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a controlled Tinnmnmtersfemeftonaamaytba saselbsn raesiuthbleajzrmrtmw ytabsticah pgrambter
addition of fresh Cgf for mon&n dovvn time for the

plant) and t HESRIE ecr)cnenlll'fVﬁﬁlg)z)suglé?sr?qg&m&fthe%wa 8B ng aut omat i on

bl ock 160. The  goal, O, OR L Zaéc'e%”o%éleli n é®o§c%n§r§l%n %feﬁ{é' A%ofAE !

COI’]SUI’Tptl on and Cﬁ ea% uratli on su O constral nts SUC as maxi mum
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concentration decreases and reaches an asymptotic value at end of the cleaning. The end ‘

time is determined from the RTD data for a particular concentration of chemical and the
residue in the membrane (i.e its fouling status). During the process of cleaning, fresh
chemical is added in multiple steps to the circulating liquor to increase the rate of cleaning
reaction and reduce the time taken for cleaning if the chemical is added in a controlled
manner. Therefore, it is desired to optimally balance the addition of fresh chemical and the
time for cleaning (down time for the plant) and this function is also carried out by the

cleaning automation block 160.

The goal of optimization is to minimize the cleaning chemical consumption and cleaning
duration subjected to constraints such as maximum limit on chemical concentration

recommended by membrane supplier.

The objective function for optimization is



C \Were, tnm= nmenbrane cleaning tinme as suggested by nenbrane manuf act ure,
hr Qm= perneate production rate in the tinme (t-1 - tm, nB/hr C --= cost

per n8 ofwpehimatAcwater, $ Cc= cost per nB of chem cal pc§nB2di062472 € the
time at which the cl eaning chem cal concentration becone asynptotic at-z0

di with respect to time and no further reaction occurs between cleaning
chem cal and scal e deposited over the nenbrane surface.

obj = Mg ¢ gints fwy 2 (8 —t) 3 Qar* G+ Wy ® Z;}o(ﬁin t; 21

®)

Subjected to constraint

Cint < Climir . 9
C < Cyyy (10)
Where,

t.,= membrane cleaning time as suggested by membrane manufacture, hr

(s,= permeate production rate in the time (t; — t,,), m’/hr

C.= cost per m’ of permeate water, $

i

C = cost per m> of chemical, $

t, =t , ie. the time at which the cleaning chemical concentration become asymptotic
at—=0
dt

with respect to time and no further reaction occurs between cleaning chemical and scale

deposited over the membrane surface.
w1, wo= weight factor

Climit = maximum chemical concentration recommended by membrane supplier (used as

_ constraint).

(t; - tn) is always maintained as a positive number i.e. absolute number is taken in for the

calculations.

The control strategy is formulated with the optimization objective to find the optimal
profiles for cleaning chemical flux and its concentration as a function of time, while
minimizing the cleaning cost and cleaning time. As shown in Figure 3, the architecture 300
of cleaning automation block 160 consists of (i) models for membrane cleaning (RTD
model), fouling state and cost model based on chemical cleaning (310) and (ii) optimizer

for minimizing cleaning chemical consumption and cleaning duration (320). The proposed



w, = wei ght factor CH= = maxi num chem cal concentration reconmmended by

menbr ane supplier (used as constraint). (t, - tm is always nmaintained as a
posi tive WwoseAlske1g. absolute nunber is taken in for theceaksibailyons. The
control strategy is fornulated with the optim zation objective to find the
optimal profiles for cleaning chemcal flux and its concentration as a
function of tine, while mnimzing the cleaning cost and cleaning tine. As
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moni t ori ng sdiquobi lpsed o roeaverempniwif 541t @pténtratiorsiolthetliquor.f or chemi cal cl eani ng.
The sol ution may be inplenented through flow ratio control for the cleaning
cheni cal |i quide selbedncedtiationdati dowludistaius date firoohberraraponents ahdestitgd ebovsdeed on
measur enent salt _congentration,} | : t

Gatan foul i ngrsPRrbebGRiatin heR S ke e Rl AR o PRBERIAR 4R
menbr ance cl edplangdeys timewhe® thndealirpotithasnd faésb chethicdraddition s esosted ffrom
chem cal s, caqst | ant_da t ere the cleani ' f h,.
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down time is pr.ovided.by. us nd available.in the systemas iJllustrated
in Figure 3. Wﬁ‘f‘?t@ﬁgé’é}é‘&bﬁeg{' %Yﬂ?s%fﬁ ‘ga&’ ?‘Ve&?’?fﬂﬁ? BRIGTS IS FUAHFS Y oF %’)Jeve
achi eve opti rptimdbldles tbofreshropshicelneiditivalto actdévei mininiad ckaming vimen(pahnddwn

cleaning tinme (plant down tine). The optimal values are used as . the set
point in the tl"‘éesulﬂ'teo‘?@m@bﬁ?l}l%% arg gigeq %t{) 1§ Sﬁ%ﬁl?tﬂ)tgﬁéﬁ“m Cf"thOlt(H% ratio
menbr ane cl eaphig) ayéﬁn&%mm&me@td@ewmdbd,i cations and alterations
in the structure and nethod of operation of this invention will be apparent
to those skilled in the art wthout departing fromthe scope and spirit of
the invention. Al though the inventjon. has been descrjbed in.connection with
speci fic pref B8 CBRTBA et @Hﬂltgb'éﬂsf‘? g’ﬁlsﬁrgfttfrﬁ?n‘txﬂftg Qﬁcf?ﬁraﬂglé&}etggf
chemi cal s andn¥da@iod WilEbd Hpareht@a tobgskilexd iR thR@HWEMBGERPartiN frémthd dcopdwmdl d be
understood that the invention as clained SEO | d not,l%ﬁ,undul . limted to
such speci fi CPBIHIEHE ARYsRILony AlthopghdisrarRTFgh aslsivglt drRRer An ¢ WBRES as
described in $hdific %ﬂaﬂﬁ@a EfPeditbnth Snd PEEAGEY rivptimiAg fsakd Swhargicslk ahdhe
define the scope_of the present invention and that structures and met hods
within the scipeloprlepmpgior g R membrase ypamy it shyd g ‘lé‘ﬁ?réto%t}@b@%f‘%ml%é’?eby.

I N\VE CLAI M Jclai&emohm\oﬁ%uﬂmgaghm th SUBIH&i MSHMBU MBI R IARO ridndRieNd
process in a plant perform ng desalination or waste water reuse by

operating t heypepetidecopprissisas dgippeia thip bamntiog- Briviraded bt te PYAYISI | ed
time for cleaning & i BpPofGMERh! Bkentidh Wi @t sGHEHS Ald HARSRREifAL ihen 1 n
a chem cal |iquor prepared for cleaning the nmenbrane, the. method conprising
of : a) Esti mescprrpiitensé tlagnssnd they capivalpets heeryemse gherebyd
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b) Determning the controlled value of chem cal concentration and the
controlled tinme needed for cleaning based on the fouling status of the
menbr ane.wa-201ihG241€t hod for nmanagi ng nmenbrane cl eani ng pPe@GRRS0/EBR4E al ned
in Cdaiml, wherein the estimation of fouling status in the nenbrane is
performed using a mat hemati cal or data nodel based on physical phenonenon
or/and plant paraneters. 3. The nethod for managi ng nenbrane cl eaning
process as clainmed in Claim1, wherein the estimation of fouling status in
the nenbrane is perfornmed using ultra sound neasurenent. 4. The nethod for
managi ng rrenbVﬁ‘ﬂnglAé%i ng process as claimed in aim1, wherein the
controll ed value of chenigcal concentration i.s. admnistered Vi

opti el use. of " Shehara GhBRERE IR meus ol Tl g ffecRL R hpfam
met hod for managi ngrfomnibg alkaliahteanimygay caeseas by epeneingithe Gvaismodmosis

wherein the optim zation is perfornmed considerjing.the cost of.chem cal
or/and cost relat éﬂe‘{‘l?fa?fr%?fﬂ&gipé?fefs g5 ‘é‘tﬂiﬁoﬂa‘{ fb’f‘gﬁ%r Cgﬂgmgf‘?‘ﬁgftﬁ%fmf‘f@eg

met hod for nmanagi nglueestdhamecat cegehtgionrin aedenicl diqasmgdpdred @railéinihg the
wherein the controlled ti needed far. cleaning is determ ned using a
function for concdRERNRI EGROYPTPANNG Rl cheni cal |iquor. 7. The method
for managi ng nmenbrang cl eani.ng. process. as clained in Caim6, wherein the
function for concéﬁt ﬁ%{’t‘?aélﬁg(g‘fﬂlgg?tf’?sioﬁth?Hgmcpﬁaé’ﬁiaé‘gl liquor is obtained with

Resi dence Tine Distribution studies . A system for nagi n evers
osnpsi s menbr ane }t)eéﬁﬁeﬁﬁmﬁ’lg6&%%@?ﬁoﬂec€v%‘fea?ﬁﬁ‘6@fp1a ?%c%“ﬁg% %\'%l t%‘%tc?rgﬁo(ﬁc%?
wast e wat er treat nentimbyeddp@ faxcieaging bed e the Sauling B Sf the mixhdbrmec| eani ng
process for a controlled tine for cleaning and with a controll ed val ue of
cl eani ng cheni cal TMenehdd déi MandgingChembaat cldating rprgeepay edinfedr incClramilng

t he nenbrane, the system conpri.si ng ofl.: a. Ane rane erformance tool to
obtain the menbran¥lFglihangtiselpy of fouliag stafys oy MemRId|es!s RETIGHESS; Wik ¢
concentration i nf ohithérmfidali Prt Mka chedEl Cedsed | dil Phygical Apheaviervat iof/inddlplatk t 0
adm ni ster concentrati on of cleaning chemcal in the chemcal |iquor 9. The
system for managi MR BH-ane cl eaning process as claimed in daim 8,

wherei n the aut maﬁ_llon l%lg céé to adm ni ster addition of frefh %hen%‘rc?al 1to
the chenical Ii (c)?uo hHget paRFZRE Mo FPEIE RPTHET 2% S0 % YR8 eal s
and optimal tinme nergad tHeodstibb@aNOMPuling status in the membrane is performed using ultra

sound measurement.

4. The method for managing membrane cleaning process as claimed in Claim 1,
wherein the controlled value of chemical concentration is administered to provide

optimal use of chemicals and optimal time needed for cleaning.

5. The method for managing membrane cleaning process as claimed in Claim 4,
wherein the optimization is performed considering the cost of chemicals or/and cost

related to production loss during plant down time.

6. The method for managing membrane cleaning process as claimed in Claim I,
wherein the controlled time needed for cleaning is determined using a function for

concentration of salts in the chemical liquor.

7. The method for managing membrane cleaning process as claimed in Claim 6,
wherein the function for concentration of salts in the chemical liquor is obtained

with Residence Time Distribution studies.
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10. The system for managi ng menbrane cl eaning process as claimed in Caim
8, wherein the automation bl ock adm nisters addition of fresh chemcal to

t he chemwalli@vAg t hrough one or nore control valves ¢eRigalihbddg7t he flow
of circulated chem cal |iquor and the flow of fresh chemical into the

chem cal I|iquor.

8. A system for managing reverse 0smosis membrane cleaning process in a plant
performing desalination or waste water treatment by operating the reverse osmosis
membrané cleaning process for a controlled time for cleaning and with a controlled
value of cleaning chemical concentration in chemical liquor prepared for cleaning

the membrane, the system comprising of:
a. A membrane performance tool to obtain the membrane fouling status

b. One or more sensors to obtain salt concentration information in the chemical
liquor '
c. An automation block to administer concentration of cleaning chemical in the

chemical .liquor

9. The system for managing membrane cleaning process as claimed in Claim 8,
wherein the automation block to administer addition of‘ fresh chemical to the
chemical liquor has an optimizer to compute optimal value of chemicals and
optimal time needed for cleaning.

10. The syétem for managing membrane cleaning process as claimed in Claim 8§,
wherein the automation block administers addition of fresh chemical to the
chemical liquor through one or more control valves controlling the flow of

circulated chemical liquor and the flow of fresh chemical into the chemical liquor.
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