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Industrial Water Optimisation: From Necessity to
Strategic Priority
Key Drivers for Optimization

Optimisation through Process Design

“ L&T’'s inhouse Competency and R&D Initiatives

Optimisation Philosophy: AI-Driven & Predictive Water
Management

m Summary

<<
|
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Industrial Water Optimisation: From Necessity to

Four pressures are converging on industrial water systems

4 N 4 N\ 4 N 4 N
WATER SECURITY COST COMPLIANCE Adaptability
Freshwater Water, energy, Variable Stable water
availability can chemicals, influent and quality and
constrain sludge and tighter availability
capacity and disposal create discharge/reuse directly support
expansion. recurring OPEX. requirements production /
N 2N /  \__demand robust J \_ business J
treatment. continuity.
OPTIMISATION = Lower Freshwater Intake + Higher Reuse + Lower

Discharge + Lower Lifecycle Cost

Design objective: maximise water productivity — not simply treatment capacity.
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Illustrative Industrial Water Optimisation Roadmap

A phased approach reduces technical and commercial risk

-

PHASE 1

Diagnose

Water balance
Quality mapping
Energy baseline

Reuse targets

\

EPC PROJECTS | HI-TECH MANUFACTURING | SERVICES @ LARSEN & TOUBRO 4
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PHASE 2

Pilot

Bench/pilot
advanced
technologies
e validate
chemistry
e confirm Y, \_

PHASE 3

Integrate

ETP + membranes
+ reject
management +
automation +
digital platform

performance

KPIs: m3® freshwater / unit product |

discharge volume

PHASE 4

Optimise

AI/digital twin
e predictive
maintenance

e dynamic
operating
envelopes

J




Key Drivers for Optimization

OPTIMIZATION
“ Process the effluent
SCARCITY CONCERNS Monitor the qualiti
Maximize recycle
Control Minimize Minimize Reuse
the freshwater water * Adapt ZLD )
discharge requiremen linked —
quality ES risks . ' * Condition the feed
ustain

* Recover Value

Optimization becomes an essential step in Treat, Reuse and

» =
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e Thinking

Moving Beyond End-of-Pip

ol R
- - - - - -
ISBL - Inside Battery Limits OSBL - Outside Battery Limits
(Core Process Area) (Utilities & Supporting Facilities)
( — B WASTEWATER Cooling Towers Boiler House | DM Plant Storage Tanks
Heatore s COLLECTION LINES ——
O d
fir, From Process
& {e
- &
) o d 10 NG
il e
Unit-2 >
M AQ—0OC - Rel=
[—
¥ O O
TO Part of O : z i
" [t |
p i l"_\ cnaI'f-'H [ Aeration Tank ] Treai::nrrater
Y 3 q Treated Water
Equalization P—_2 Sl 2
= mber Tank " a s Discharge /
l = . B2 Safe Disposal
| LEGEND E =
1
| =msm [SBL :Inside Battery Limits i 4
: (Core Process Area) : — | 2 " " " "
: mmmm OSBL : Outside Battery Limits : TREATED WATER REUSE .-T T T T T
: (Utilities & Supporting Facilities) ] . § E 11 o i :
I i Reused for cooling, boiler feed make-up, é@ = E : o3 afe
i ==—fp Wastewater Flow ! gardening, floor washing, etc. =29 m h
: el Treated Water Reuse E L Cooling Towers Boiler House DM Plant Process Utility Gardening
_______________ #,

A typical industrial setting

: ETP is always away from the

EPC PROJECTS | HI-TECH MANUFACTURING | SERVB&OCGSS @ LARSEN & TOUBRO




Conventional Design Limitations
REALITY

istillation Desalter
Digolumn Scrubber
g \

[
‘Q\g U ETPs often experience
Qﬂp upsets and take operators
by surprise

Typically the ETPs
Al designed for specific
& Fixed values of parameters

composition

 fiod i .
U The changes in the plant

operations bring unexpected
change in wastewater

Toxicity\  ETP INLET
2

s
MaldlliTCLT Lo

o 0 Operational stability of
‘ S an ETP depends finally on

VARIABILITY TREATABILITY SUSTAINABLE OPERATIONS f ; 2 m b ﬂ‘w ! ‘ W :‘ " > . £ ; the S k i l l l eve l S o f a n
] operator

A well-designed ETP accommodates wastewater variability, ensuring
operational calm and consistent performance.

Never design an ETP without knowing your Water
EPC PROJECTS | HI-TECH MANUFACTURING | SERVICES &, LARSEN & TOUBRO




Necessary Correction in the current Design

Montecarlo
Simulation is

a newer approach to
optimize capacity
and ensure quality
amidst variation in
feed quality by

ﬁTD treating the mixed

Wastewater

0
= from various water and recvcling part
8 AAAAAAAAA 1 1 1. | P 1= - 1 u l a
E‘ " . s L] - L _ gt . D - ¥
< Characterize Variability e Propagate Variability o Quantify Risk & Design
§ Define probability distributions Randomly generate influent combinations Convert the simulation results
H for influent parameters \lue and run the ETP model into design confidence
N Sizing of Clarifier,
. ) 3‘ RandomInpuls | Bio reactor, Digester & | Reguiatory Limit

(I—?l z 5 :Es {{::'g ;:l;mal} (from distributions) | rRo systems | Model Output ‘ 1 (100 mg/L)
Sﬂd 8 — pH (Normal) A LA L ‘{9-9- il E i it
O £ — Fon(Webd) - lue TES ) Gnoo. * ETP N{mp| covos mol il
E E — Toicity (Gumbel) | PH 74 Model | T0Sout S20mglL | g Design Margin
= Flow  8200mYd B Achieved
% e Todcty 18 i
- Effluent COD (mg/L)

INPUTS DESIGN OUTPUTS

From Variability to Confidence: Designing for Operational Calm
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hJ

egular

Approac

[R

equired
pproach

;

Better Operation by Knowing the Influent

[

Composition

Solution

2 4 '
LDLIULUYLT

Physical

Membrane

COD BOD TKN TDS
TENDER DATA

;
Process Designers Output

Organics

- .
LIHITULYalll

mnl i . loa

L L TAULIINTILIT lelJ_J_UD
£ PN
-

=

1o h) |
UpMLILY aotTU  Ull

i AP S

Fingerprinting
Mol. Wt.
distribution
Polarity,
deg.of
saturation

Heavy metals
(Z2n,As,Cr)
Highvalent ions
0 valent ions

speet
* Closer watch on the
e Continuous monitorin
* Operational philosop

2
o pouTITOCTITC

Influent
g of Process
hy based on

sensed and estimated changes in

Influent characteris

tics

Erroneous
process
design
leading to
suboptimal

Process
insights and
sensed
information
to give
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L&T Water Technology Centre - Cutting Edge

A State- of-The-Art Research Centre for complete
wat"e ‘at Kancheepuram, Tamil Nadu

R TECHNOLOGY CENTRE

ki - "—_“‘."”—1-‘- S e S -
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a Changes

brings A
the desal ==

Biological
Aerobic System |

W More _ | A =
phenolic: W 8 e Spgssoy e S
enter the= e e = Adsorber System

(Activated Carbon / Specialty Media)

U Higher e e T e Ui e 1 -
these ForEmC c ey SN
biological system suddenly, U Protect: Avoid shockloads on aerobic
without any warnings system thus protecting the entire
integrated solution
U Bringing ETP back to

EPC PROJECTS | HI-TECH MANUFACTURING | SERVICES @ LARSEN & TOUBRO



Proactive Strategy Contd (Desalination)..

is one of the most critical parameter which significantly

Specific Power Consumption (SPC)
impacts economics of desal plant B Known [ Unknown

How much does the plant save annually? h

100 MLD RO plant consuming 3.5 kWh/m?® reduced by 0.1 kWh/m?
Temperatu
‘ re

Il To be controlled

SPC
Feed Pressu
New SPC: 3.4 kWh/m Annual Savings
eduction: 0.1 kWh/m 56?5070()0 Rs/year Feed
(36.5 lakhs) salinity
*10 Rs/kWh electricity cost ) )
In desal, the temperature and feed salinity

are the uncertainties which affect the SPC
when certain volume of treated water needs to

be produced in a day.

EPC PROJECTS | HI-TECH MANUFACTURING | SERVICES @ LARSEN & TOUBRO




L&T WET’'s Solution:

Optimal Predictive Con

TDS and Temperature
prediction over the next
g d N Q1] Fesyal vg Redigted(TDY\ 18\eh, 2026

22} ——Actual TDS i
& —a =Predicted TDS

215

DS (mglL)

L L L L L L
2 4 6 8 10 12 14 16 18 20 22 24

Hour of Day (18-01-2026)

32

w
=]

Temperature (°C)
- - N N N N
[-2] = -] o N B (-]
| A T T

14 |-

I I 1 1 1
09:00 12:00 15:00 18:00 21:00

Time (16 Jan 2026)

L 1
00:00 03:00 06:00

Uncertainty prediction helps in delivering optimal output
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Permeate Flow (mslh)

Reduction in SPC while processing the
required volume of permeate

1000 —

©

-

S
1

©
-
=3
d

©
2
S
<

920 —

=6~ Actual Permeate
0= Optimized Permeate|

2 4 6 8 10 12 14 16 18 20 22
Time (Hours)

38
37
36—

5

83

£ 34
3
@
§ 37

o
324
31

30

29

=8 Actual Pressure
The inhouse developed
optimizer delivers minimum SPC

for the production target

2 4 [ 8 10 12 14 16 18 20 22
Time (Hours)



Moving Away from EoP Solution to Optimal We

Effluent Treatment Train (ETP) - From Pretreatment to Zero Liquid Discharge (ZLD)

IR Online
Sensor Bypass
I Valve

Process Plant Screen  DAF Biological process RO ZLD

ISBL EoP Solution

Recycle

U The above has been a traditional approach in industries for ages. Is this the
most optimal solution?

U The EoP solution assumes water requirement for every process as an
independent demand which violates the optimality

Newer approaches are emerging to optimize the overall water

EPC PROJECTS | HI-TECH MANUFACTURING | serGIQREPETLNt
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Water Minimization through Mathematical Pro

, . . te = Cubic
A contrived example representing an EoP solution 2 ke/hr Meter

. Max Inlet Max Outlet 20 te/hr 100 ppm
Contaminant . .
Process contaminant |contaminant 5 ke/hr

load (e.gq. ]
g level - Cin - conc. Cout . Freshwater 50 te/hr 100 ppm
COoD) , kg/hr
PpPm PpPm 112.5 te/hr 30 ke/hr 112.5 te/hr

37.5te/h 800 ppm

4 kg/hr

Process 4
5 te/hr 800 ppm

112.5 te/hr goes for the ETP for tre

Wastewater

2kg/hr 30kg/hr
o The MP assumes a ' = @#ﬁ e e
Superstructure lProcessl Process3J
( GAMS ) w w : tefe 90te/hr D
. . . =D,fpm i 0, ppm 455.56, ppm
o It i1dentifies
' Skg/hr dkgfhr
optimal path under ,
. { Process 2 [~ A Process4J 50te/hr 50te/hr 50 te/hr
cons t rain t S t 0] T i - Process 2 I - Process 4 p—
' Only 90 te/hr needs to be d
eliver best Y

Digital technologies like MP are able to minimize the total water

EPC PROJECTS | HI-TECH MANUFACTURING | setv@QE-Print

&) LARSEN & TOUBRO



The Future of Industrial Water Plant is Circular,

Intﬁé‘ %plpggtzlrl}&y ?ng g:é'ntw_a;'.fe?]rga_ngggr;eptoégm a treatment function into a
— - ‘ -

) ) 4 2\
CIRCULAR INTELLIGENT ADAPTABILITY
Reduce - Reuse - Sense - Predict - Secure water - Stable
Recycle - Recover Optimise - Verify quality - Reliable
production
- J - J - J

The goal is not the most advanced technology.
It is the most efficient water system that meets quality,

reliability and lifecycle-cost requirements.

Thank you
&) Larsen & ousro



