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THE EXPONENTIAL GROWTH OF HUMANITY

Current World Population

TODAY THIS YEAR
Births today Births this year
245,477 104,037,814
Deaths today Deaths this year
101,675 43,091,663
Population Growth today Population Growth this year
143,802 60,946,152

Data on: 26 Sept 2018

1930 “2.1% growth
rate yearly”

http://ourworldindata.org

1BILLION

Source: http://theday.co.uk
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WATER FOOTPRINT

e T ES WATER USAGE IN EUROPE
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AMOUNT OF WATER

IN HUMAN ADULT

EUROPARL EUROPAEU

2.4 BILLION
Sources. Wtedoolprntong, FAD, UNESCO, UNFPA

PEOPLE WITH NO ACCESS TO CLEAN WATER
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Climate Change

Water shortage s one of hlghest
global risks!”

WEF Global Risk Report, 2014



Food-Energy-Water Nexus

138 fossil fuel extraction,
40r0 energy crops and carbon
0*0 sequestration impact

4'&% on food supply

food production,

processing and
transport need M
energy

ENERGY

entry point:

entry point:

ENERGY demand, supply FOOD
SECURITY, | ° hdbc et - | SECURITY,
governance and | , 2 policy and
investment " o PEOPLE, * \_investment
. LANDSCAPES .
5 AND ECOSYSTEMS 5
. demand, .
dean water : Supp[y : water inf‘rastructure
andassets - Bt S
L . o supply and land use

demand, supply
and assets

energy production & o <N food production
(including sequestration) sllsru” ‘ p\,k“" needs clean water,

needs water, and impacts ABLE PROSPERITY and impacts on water

on water quality and quality and availability

availability entry point:

WATER
SECURITY,

management
and investment

http://www.iwa-network.org

UT,,GM www.utm.my innovative @ entrepreneurial @ global

8



Water pollution

Groundwater
. A
. Overextraction 5
DESALINATION Upstream river
Reduce water Stormwater
demands

Harder to treat
Expensive treatment

Reduce @

fres hwater | Water Treatment
requirement ", o S Our
el We need
Systems
Reduce o m f[) re?
wastewater — . N waler :
gen erated — \ e
T alternative water
Public ] supplies?

acceptance? ﬁ

oSe Water Demand ¢

y 4
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What Can We Do?

innovative @ entrepreneurial @ global 10



é/f\
Unreliable s e

Higher water

tariff SN e
» PROCESS 1 > CONTAMINATED i
( STORMWATER
RAW RAW WATER | FRESH WASTEWATER
> » PROCESS 2 > >
WATER | TREATMENT | WATER
» PROCESS3 >
Steam
v BFW _,_; » STEAM | Condensate Loss _
TREATMENT SYSTEM
l Boiler Blowdown Capital
lon Exchange Regeneration > nvestment
_ Stringent
Evaporative -
L0Sses Regulations
v > Cooling Tower Blowdown y | WASTEWATER Dischargz

»

TREATMENT
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B User Take Charge

Industry*;
Public & Commercial Facilities:
Domestic & Individuals

Change
Behavior!

*Include agriculture

innovative @ entrepreneurial @ global 12



A machine Is easier to be
controlled than a human...
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B User Take Charge

Industry*;
Public & Commercial Facilities:
Domestic & Individuals

— -
- - _~~~
- ~

e Engineer ~-
/ .
([ Sustainable Water
\ /
.. Systems! e

\~~ ”’
il e

Change
Behavior!

*Include agriculture




Option 1: Minimise water
consumptions in own facility
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il Greener, and holistic ways?

e Look at
Fan! | the bigger
picture!
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Showcase Project
~

NGINEERING

HEMICAL

UTM

UMIVERSITI TEKNOLOG! MALAYSIA

Engineering Practice

Assess Your Plant’s True
Water-Savings Potential

Using the minimum water network
involves detailed analysis
of plant configuration and design,
material and energy balances,

design and thermodynamic constraints

Lerwa| of prior ity

Cost savings

>

MWN TARGET

1

I

1

I

F

) $15,307/month

I (Step change in potential

| savings through MWN)

1

4

X 4 $880 /month

E‘ (savings achieved through
conventional water-saving
methods)

June 05 Xx 06 Time

UllVl

UNIVERSITI TEKNOLOGI MALAYSIA

A CASE STUDY: SETTING TARGETS FOR MINIMUM WATER NETWORK
IN A SEMICONDUCTOR FABRICATION PLANT

oier is o major ufility for marmy sectors of the chemical

process industries, but for semicondudior monufocturers, it

is also a precious commodity. The exireme water demands
of a semiconductor fabricafion plant — from the uliropure
water raqLu red for chlpm-::king processes fo potable water and,
increaqsi recycled water for plant operofions and maintenance
— prowi -::n ideal II!SE!"ud}-’hrﬂ'IE applicafion of MWHN
benchmarking technicques.

In this case, the focili Sem, a semiconducior fobricofion

plan in Malaysia. ; While the tacility's primary adtivily is research
and ent (R&D), it woes G-in. and 8-in. wafars. Fig-
ures 3 and 4 show the fob's water distribution network. Water
demands indude deionized (D) process woer for sobvent proc-
esses, ocid processes, wet deaning and fools cleaning; the rest is

Jicli operofions such os abatement, scrubber, cooli
bench cooling, and maintenance such as h:HlleInHEushlng

CIH‘iI:E dleaning, wash basin, foilet pipes ond ablufion, as shown
in Figure 5.

Total woler consumpthion varied throwghout ndi
on wafer produdion F-::;nl:l equlpmenrollr;gldmuﬂs I;fungdgfmm
of the benchmarki the fob's esfimoted fotal freshwater
consumplion was 4 .15 ,."h OF this valee, 31.78 m3/h was
used for DI woter production and the rest for plont operofions
and maintenance.

Step 1. "Kema limiting water data

This step imwobred iled process survey and line trocing, estab-
lishing process siream maferial balonces and condudiing water
quality tests. Stream flowrates were exiroded from dofo collected
bry either the plant's distributed confrol system (DCS) or ulirosonic
flowmeters. ing on the sream audited, fests for totol sus-
pended solids (T53), biol ||x|| m:ygen demand [BODY), chemi-
col cuygen demand (C issobved solids (TDS) were
conducted onsite. For prc»nesses that onby used ultrapure water,
T55 levals were negligible. BOD was obsent since no biclegical
rontaminonts wers oresant 0 woe g comoonant oF TS TS

T —

UHrapure walor sysiom

-1

FIGURE 3. Process flow diagram for the
ultrapure water system
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FIGURE 4. Water uses for plant operations and mainte-

nance




GRADUATE

Jiri Jaromir Klemes, Petar Sabev Varbanov, ;
Sharifah Rafidah Wan Alwi, Zainuddin Abdul Manan et Fidve Ch a pter 3 — Water

PROCESS Gl onagement &
INTEGRATION AND o L T
INTENSIFICATION i

| SAVING ENERGY, WATER AND RESOURCES
2ND EDITION HandbOOk Of

Electricity Grid

Renewables Fossil Fuels N“""“'T.‘v ® o
=Ty Process Integration
o =2 T yee Ae  § (Pl)
_ aq{,& 2 2 zm mca Wind Sun  Heat pump = ' .
L ‘] - Minimisation of energy and water use,
e 01/ = oy waste and emissions
- i Ft [T}~ Conmausy
@umfﬁuﬁz & u?:sll} Um:‘ -@-ués +u-§ g:v

N —F""L"j_ Tom | Edited by Jiri ). Kleme$
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A new look at urban
water saving

The Water Management Hierarchy (WMH)

Manan, Wan Alwi & Ujang, p
Water21 Feb 2006 2] _ W
j Composting =

toilet Normal

electrical fan

Dual flush
toilet

Vacuum

toilet

Aerated Flow
Tap {

1 /
1 =
r&! ‘ Z WW Treatment
{ 1 il
Sand filter with ‘ Microfiltration

activated carbon

UTM www.utm.my innovative @ entrepreneurial @ global 19

Increase
priority

Approved by the N.SW. Department of Health

Usest b veat rey-matr, batwater, hand barin
waker and washing maching waler o acceptabie

Regeneration-Reuse




This is so simple, | can just use
common sense

TM www.utm.my innovative @ entrepreneurial @ global 20



. Network of Water Reuse Options

DRINKING

WASHING
WET FOODS

Vegetable
Fish/meat

ABULTION

BATHING

— PRIMER USER

— SEKUNDER USER

— SEKUNDER/TERTIER USER
—_— TERTIER USER

- TERTIER/FORTH USER

WASHING
DISHES
LAUNDRY
WASHING
CAR
WATERING
PLANTS

FLUSHING ) ) )
TOILETS
| | |

Which are the best reuse matches?
How many blending options possible? Water ratios?
How do we ensure contaminants do not affect processes?



WMH

Strategy

Option selected
based on NAS

Option selected
based on MWN
procedure

Elimination

Abatement

. Option 2 (decommisioning)

WB 202 and 203 cooling

Reduction

WB reduction in Fab 1 and 2

Heater reduction

Fab 1 return reduction

SESSNX

SESSNNX

Abatement

. Option 1 (0.5gpm during idle)

. Option 3 (recirculation)

. Option 4 (on demand)

. Option 5 (pH analysis)

Increase RO system recovery/ install 3rd stage

NXIXPN[X

SX XX

EDI return reduction

. Option 1 (decommissioning)

. Option 2 (run intermittent)

Domestic reduction

Cooling tower reduction using N2

MMF reduction by NTU analysis

Reuse

Total reuse

Outsourcing

RW harvesting

Regeneration

Treat all WB water

XIS SN [X

Which water minimisation to choose? What is t

Interactions with other WMH?

v
X
X
v
v
v
v
v
he




Bl Environment vs Economy?

¢

Wl

305063 [RF] @ www.visual

photos.com
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. Engineer sustainable water systems...

Systems Approach
Can help to analyse all the possibilities from all angles
before the actual design or committment. Valuable insights
for top management to make decision.

‘UTM innovative @ entrepreneurial @ global 24



Pinch
Analysis

Approaches

Time, h

Power Composite Curve

/

Electricity, kWh

Sourcd]

Mathematical
Modelling

innovative @ entrepreneurial @ global
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Cost Effective Minimum Water Network (CEMWN)

. technique

, ~ Flowrate vs. Load R

Use the graphical £ Composite Plot |
tools to guide g i
where to é Pinch i i
eliminate, reduce, % \ i
outsource or § - pemand co/1pos {S(;{.me combosite
regenerate O msoun  Cumulative flcl)wrate (t/hr) i

Wan Alwi, S. R. and Manan, Z. A.
(2008). A New Holistic Framework
for Cost Effective Minimum Water
Network in Industrial and Urban
Sector. Journal of Environmental

Management. 88: 219-252. /

Engineering Practice.
Assess Your Plant’s True
WateI-Savlngs Polemlal
Reuse QT e————
mvolvesd alysis o

Source & Deman
Manipulation

WW
Treatment

/ Outsourcing
/ Regeneration-Reuse

=
UTM www.utm.my innovative @ entrepreneurial @ global
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Systematic Hierarchical Approach for Resilient Process
. Screening (SHARPS) technique

IAS Composite Plot

Investment (/), $ (1) Set TPPset
: + Regenerati
Reuse !  +Eliminate | + Reduce + :
Qut: umirlgm5 v
,:/ (2) Generate IAS composite plot
{ TPP before <70
- I ms5 -
,/ :m4'. : P v
VR P ol
ool TERater (3) Draw a straight line connecting the starting point
T T : and the end point of the IAS plot to obtain TPPgg
- 47—
s m2 o= H
m 2 | | | y
Anlnual éavings (AI\S)1 $ (4) Compare TPPgs with TPPgg

Screen the options MR’ ] 1 TPPys > TPy,
based on the budget | RIS BTl SRS SiEEcE

and investment limits

S. R. Wan Alwi and Z. A. Manan. (2005) SHARPS — A New Cost Screening
Technigue to Attain Cost-effective Minimum Water Network. AiChe Journal, Vol
52, No. 11, November, 2006.



Pinch
Analysis

Approaches

Power Composite Curve

/

Electricity, kWh

Sourcd]

Mathematical
Modelling

innovative @ entrepreneurial @ global
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Mathematical Modelling

_____
Demand

! l
1
1
Balance : 1
-== : 1
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F SE
Fresh water Reused/recycled water |
B Regenerated water Outsources

Handani, Z.B., Wan Alwi, S.R., Hashim, H., Manan Z.A., Hollstlc Approach For DeS|gn
Of Minimum Water Networks Using The Mlxed Integer Linear Programming (MILP)
Technique, Industrial and Engineering Chemistry Research, Volume 49, Issue 12, 16
June 2010, Pages 5742-5751.



UNIVERSITI TEKNOLOGI MALAYSIA
FW reduction: 95.3 %

WW reduction: 64.7 %

Net annual savings = USD 5, 400 /year
Payback period = 5 years

SEMI-CONDUCTOR PLANT

FW reduction: 85.1%

WW reduction: 97.7%

Net annual savings = RM 190, 000 /year
Payback period = 4 months

CHLOR ALKALI PLANT
FW reduction: 35.8%
WW reduction: 100%
E— Net annual savings = USD 105, 000 /year
CHEMICAL COMPANY .
OF MALAYSIA Payback period = 1.87 years

PAPER MILL PLANT
FW reduction: 14%
l ' ' WW reduction: 14%
Net annual savings = USD 150, 000 /year
MALAYSIAN NEWSPRINT .
INDUSTRIES Payback perlod = 1.5 years

" UTM www.utm.my innovative @ entrepreneurial @ global 30
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Minimise water consumption
within single plant

* Great to do If possible!
« Shorter pipelines, less energy
* Cheaper If build within own plant

innovative @ entrepreneurial @ global 31



But may not be possible due to certain
reasons....

* No economy-of-scale
* No suitable water streams
* No expertise

innovative @ entrepreneurial @ global 32



Can we centralised the
water reuse system to a
larger network?

innovative @ entrepreneurial @ global 33



Option 2: Centralised water
reuse system

innovative @ entrepreneurial @ global 34



How to make water exchange
across industries a reality?

. o-—
, - - - -

Water

innovative @ entrepreneurial @ global 35



“Waste” from one company becomes a resource for another company

Industrial symbiosis. Supply Side Planning
Demand Side Planning. End-of-Pipe Solutions

“An eco-industrial park (EIP) is an industrial park in which businesses cooperate
with each other and with the local community in an attempt to reduce waste and
pollution, efficiently share resources (such as information, materials, water,
energy, infrastructure, and natural resources), and help achieve sustainable
development, with the intention of increasing economic gains and improving
environmental quality.”

@UTM www.utm.my innovative @ entrepreneurial @ global 36



. Should this be the way?
Interplant Water Integration - Model 1

| PLANT A } | PLANT C }
| | | |
| Process Al I | Process C1 I
| | | |
| | | |
| I C o ANTR. | | I
PLANTD
| | | | | I
| | | | | I
: y Process A2 : : » Process Bl = : Process C2 :
I | | : | I
I i i 1 I
I | | | I
I | | I I
I | | I I
| Process A3 | — Process B2 > | | Process C3 |
I | | I I
| I l_ _ L1 | I
| i | |
| | | |
| | | |
[ » Process A4 i i » Process C4 |
| | | |
| | | |
e e e e e — I b e e e e I
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. Interplant Water Integration - Model 1

Who needs to pay /\

for the cost of
pipeline and

pumping? /_\
Process A2 |—— Process B1 Process C2 CompleXIty Of the

Process Al Process C1

/ pipeline considering
Do they have time the location of unit
for data collection _— N — process
for each plants e rocess rocess
across Total Site?
/l\ What about the
~—>| Process A4 > Process C4 . .
length of pipeline

Does this protects between plants at
the confidentiality Total Site?

of the plants? . . .
But... How practical is this system?

@UTM WWw.utm.my innovative @ entrepreneurial @ global 38



Interplant Water Exchange -
Business model possibilities

Can the water exchange system be
managed by middle man or maybe
park managers?

innovative @ entrepreneurial @ global 39



Industries

Possible business model

Middleman

Sell
I >
®
— ) s
®

Buy

Centralised Water
Reuse Header

Water reuse
tariff

®GUTM T

Piping & Wastewater
pumping Treatment Plant
Quality Assurance
ROVEMENT J\:
y Y s 2
gg@&PAMng )
{ h RA /' ® @

innovative @ entrepreneurial @ global
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N How It works?

SAJ FW non-domestic tariff. RM3.30 per m3
WHL1 tariff (buy): RM2.60 per m3 WHL1 tariff (sell): RM1.30 per m3

FW = 100k m3/y
Water Bill = RM330k/y - WW = 100k m3/y

Conventional

FW = 80k m3ly

Water Bill = RM264k/y ‘ WW = 70k m3/y

WH1 = 20k m3ly

Water Bill = RM52k/y WW = 30k m?fy
N WHJ1 (sell) = RM39k/y
_ ew
New Water Bill = Reduce WWT cost!
RM316k/y Additional income from selling
5% Water Bill Reduction! ww!

innovative @ entrepreneurial @ global 41



. Interplant Water Exchange Concepts - Model 2

Water reuse are collected and tThhifd-P?fty ma?agt?ng
S - e system protecting
distributed b_y using one-way 1cc;mes the confidentiality of
centralised header }9 data between
———— - different companies
= N A e
: ¢ l l l LM Supply to header stream
Plant A Plant B Plant C Plant D Plant E E—— Exlt)r%ti from header stream

A AA A AA A AA A A4 A AA

— > Wastewater stream

Hl o / ”'//} ° Centralised
( // Wastewater
v v vV vV vV vy Treatment
H2 @ > ® Plant
Centralised One-way flow of \( Reduce
pipeline simplify  \water source Maximize water wastewater
the industrial site pased on the exchange between generation
water network  plant sequence plants at an industrial
(Piping and at industrial site  Site through
pumping centralised pipeline

@ G 275
arrangement S D

Ahmad Fadzil, A.F., Wan Alwi, S.R., Manan, Z.A., Klemes, J.J.. (2018). Industrial Site Water Minimisation via One-
Way Centralised Water Reuse Header. Journal of Cleaner Production. 200: 174-187




. Interplant Water Exchange Concepts - Model 3

Freshwater

Water reuse are collected and
distributed by using two-way
centralised header

Supply
Facilities Legends: Suonly to header st
v v v Y v - Ex?r’;:t to header stream
Plant A Plant B Plant C Plant D Plant E - \F,;ZZ?:I;;ZS::?:::n
) ﬂ —7 . - Centralised
Centralised [ A 4 | Wastewater
Utility Hub C / - Treatment
y Y v v Y / A A 4 < 0 Plant 3
o Y y < °
> H1 (outer), H2 (inner)
. Two-way flow of . Reduce
Centralised t Maximize water exchange wastewater
ipe”ne simplify walter source .
pipe NPT (act as a between plants at an generation
the industrial site

water network
(piping and
pumping
arrangement)

industrial site through

reservoir) based : o e i}
) centralised pipeline  PR@SPECT

on the plant
sequence at
industrial site Fadzil et al. (2018)

Ahmad Fadzil, A.F., Wan Alwi, S.R., Manan, Z.A., Klemes, J.J.. (2018). Maximizing Total Site Water Reuse via a

Two-Way Centralized

Water Header. ACS Sustainable Chemistry & Engineering 6 (2), 2563-2573.



. Interplant Water Exchange Concepts - Model 4

All WW send to centralised

Indirect integration via utility hub
centralised utility hub

| Centralised .
"| utility Hub Act as reservolr
(collect wastewater
l\/from each plants)
Wast$water Wast(fwater Wast$water
A A A A A ?
Process 4 Process 8 Process 12
Process 3 Process 7 Process 11
Process 2 Process 6 Process 10
Process 1 Process 5 Process 9
1 ; 1 ; 1 ;
Freshwater Freshwater Freshwater

Chew et al. (2009)

Ref: Chew I.M.L., Foo D.C.Y., 2009, Automated targeting for interplant water integration, Chemical Engineering
Journal, 153(1-3), 23-36.



. Interplant Water Exchange Concepts - Model 5

Maximise water exchange

within plant + Remaining send  Centralised water main is
—used to integrate water

Individual to centralised water mains between blants
water main is v~ P
used to p| Centralised Act )
indirectly Water Main C ”as treset[vowt
integrate water \_/]SCO ec V\;]aslevvta er
within plants rom each plants)
Wastewater Wastewater Wastewater
A A =A A A +
Process 4 Process 8 Process 12
Process 3 Process 7 Process 11
A ! < A
Process 2 Process 6 Process 10
|
Process 1 Process 5 Process 9
1 1 1
Plant C
Plant A Freshwater Freshwater Freshwater Water Main
Water Main
¥ Chen et al. (2010)

Ref: Chen C.L., Hung S.W., Lee J.Y., 2010, Design of interplant water network with central and decentralized
water mains, Computers and Chemical Engineering, 34, 1522-31.



Challenges

« Water tariff too cheap In certain
countries like Malaysia

* Ensuring water quality and continuous
supply(reliability)

« Safety and operability
« How to convince all the stakeholders?

innovative @ entrepreneurial @ global 48



Food for thoughts
Interplant Water Exchange -
Possible government support

_ Can we have similar concept to FIT but for
‘—;-@ water?

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

SELL YOUR EXGESS ELECTRIGITY AT A GUARANTEED HIGHER

PRIGE AND MAKE A PROFIT FROM YOUR POWER COMPANY
N ‘ N

b e Sell High!
FEED-IN TARIFFS!
PRICE-HIKE-PROOF YOUR ELECTRICITY BILLS WITH FEED-IN TARIFFS

UTM www.utm.my innovative @ entrepreneurial @ global 49




. Possible research

Systems 2 Mechanism
1 Engineering Study

Modelling

Total Site Centralised SIS &

Water Integration Policy Study

Supply Side Planning Business model

Demand Side

Planning Social
Acceptance

End-of-pipe Planning Study

Logistic planning E——
andards

Risk Assessment
Stakeholder
Economic Analysis Engagement

3 Tools &

Technology
Development

IT Systems

TSWI Technologies

Management
Systems

4 Capacity
Building

TSWI
Guideline

Training
Module

Train the
trainers

Awareness
programme

innovative @ entrepreneurial @ global
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Key Take Home Messages

(Jd Water shortage — one of the world’s biggest risk
J Engineer water sustainability via Holistic WM
J Water Minimisation - Maximise within
facilities
1 Consider Centralising: Interplant Water

Exchange with Win-win Business Model

innovative @ entrepreneurial @ global 5!
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