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“2.1% growth 

rate yearly”

Source: http://theday.co.uk

http://ourworldindata.org

Data on: 26 Sept 2018
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“Water shortage is one of highest 

global risks!” 
WEF Global Risk Report, 2014

Climate Change
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Food-Energy-Water Nexus

http://www.iwa-network.org



www.utm.my innovative ● entrepreneurial ● global 9

Upstream river

Stormwater

Harder to treat

Expensive treatment

Water pollution
Groundwater

Overextraction

Energy intensive

Toilet to Tap

Public 

acceptance?

Water Supply

Water Demand

We need 

more 

water?

Find more 

alternative water 

supplies?

Reduce water 

demands

Reduce 

freshwater 

requirement

Reduce 

wastewater 

generated
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What Can We Do?



www.utm.my innovative ● entrepreneurial ● global 11

Government take charge

PROCESS 1

PROCESS 2

PROCESS 3

WASTEWATER 

TREATMENT

STEAM 

SYSTEM

BFW 

TREATMENT

RAW WATER 

TREATMENT

RAW 

WATER

FRESH 

WATER

WASTEWATER

Condensate Loss

Boiler Blowdown

Ion Exchange Regeneration

Cooling Tower Blowdown

CONTAMINATED 

STORMWATER

Discharge

Capital 

Investment

Stringent 

Regulations

Unreliable

Higher water 

tariff

Evaporative 

Losses

Steam
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Industry*; 

Public & Commercial Facilities;

Domestic & Individuals 

*Include agriculture

User Take Charge 

Change 

Behavior! 



www.utm.my innovative ● entrepreneurial ● global 13

A machine is easier to be 

controlled than a human…
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Industry*; 

Public & Commercial Facilities;

Domestic & Individuals 

*Include agriculture

User Take Charge 

Change 

Behavior! 

Engineer 

Sustainable Water 

Systems! 
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Option 1: Minimise water 

consumptions in own facility
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Greener, and holistic ways?
Look at 

the bigger 

picture!
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Showcase Project
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Chapter 3 – Water 
Management & 

Minimisation
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Manan, Wan Alwi & Ujang, 

Water21 Feb 2006

Increase 

priority

Reuse

Outsourcing

WW Treatment

Regeneration-Reuse

Source & Demand 

Manipulation

Composting

toilet
Normal 

electrical fan

Dual flush

toilet

Vacuum

toilet

Aerated Flow 

Tap

RW 

Harvesting

MicrofiltrationSand filter with 

activated carbon

The Water Management Hierarchy (WMH)
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This is so simple, I can just use 

common sense

20
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WASHING 
WET FOODS

WASHING 
DISHES

PRIMER USER
SEKUNDER USER
SEKUNDER/TERTIER USER
TERTIER USER
TERTIER/FORTH USER

Vegetable

Fish/meat

DRINKING

WASHING 
CAR

LAUNDRY

ABULTION

FLUSHING 
TOILETS

BATHING

WATERING 
PLANTS

FRESH 
WATER

Network of Water Reuse Options

Which are the best reuse matches?

How many blending options possible? Water ratios?

How do we ensure contaminants do not affect processes? 

???
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WMH Strategy

Option selected 

based on NAS 

Option selected 

based on MWN 

procedure

Elimination

Abatement

: Option 2 (decommisioning) X X

WB 202 and 203 cooling  

Reduction

WB reduction in Fab 1 and 2  

Heater reduction  

Fab 1 return reduction  

Abatement

: Option 1 (0.5gpm during idle) X X

: Option 3 (recirculation)  X

: Option 4 (on demand) X 

: Option 5 (pH analysis) X X

Increase RO system recovery/ install 3rd stage  

EDI return reduction

: Option 1 (decommissioning) X 

: Option 2 (run intermittent)  X

Domestic reduction  X

Cooling tower reduction using N2  

MMF reduction by NTU analysis  

Reuse Total reuse  

Outsourcing RW harvesting  

Regeneration Treat all WB water X 

Which water minimisation to choose? What is the 

interactions with other WMH?
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Environment vs Economy?



www.utm.my innovative ● entrepreneurial ● global 24

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.

IR4.0
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Approaches

Mathematical 

Modelling

Pinch 

Analysis
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Cumulative flowrate (t/hr)
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FFW= 90 t/h

FWW= 80 t/h

Pinch

Use the graphical 
tools to guide 

where to 
eliminate, reduce, 

outsource or 
regenerate

Reuse

Outsourcing

WW 

Treatment

Regeneration-Reuse

Source & Demand 

Manipulation

Flowrate vs. Load 

Composite Plot

Demand composite

Cost Effective Minimum Water Network (CEMWN)

technique

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. 
Chem. Eng. Mag. 

(CEM), Dec 2006

Source composite
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(1) Set TPPset

(2) Generate IAS composite plot

(4) Compare TPPBS with TPPset

(5) Proceed with network 

design

(5) Apply SHARPS strategies

If TPPBS ≤ TPPset If TPPBS > TPPset

(3) Draw a straight line connecting the starting point 

and the end point of the IAS plot to obtain TPPBS

S. R. Wan Alwi and Z. A. Manan. (2005) SHARPS – A New Cost Screening

Technique to Attain Cost-effective Minimum Water Network. AiChe Journal, Vol

52, No. 11, November, 2006.

Systematic Hierarchical Approach for Resilient Process 

Screening (SHARPS) technique

IAS Composite Plot

Screen the options 

based on the budget 

and investment limits
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Approaches

Mathematical 

Modelling

Pinch 

Analysis



www.utm.my innovative ● entrepreneurial ● global 29

Mathematical Modelling

29

Handani, Z.B., Wan Alwi, S.R., Hashim, H., Manan, Z.A., Holistic Approach For Design

Of Minimum Water Networks Using The Mixed Integer Linear Programming (MILP)

Technique, Industrial and Engineering Chemistry Research, Volume 49, Issue 12, 16

June 2010, Pages 5742-5751.

min Z = f (x, y)

s.t. g (x,y) ≤ 0

x      X, y      Y
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SEMI-CONDUCTOR PLANT

FW reduction: 85.1%

WW reduction: 97.7%

Net annual savings = RM 190, 000 /year

Payback period = 4 months

UNIVERSITI TEKNOLOGI MALAYSIA 

FW reduction: 95.3 %

WW reduction: 64.7 %

Net annual savings = USD 5, 400 /year

Payback period = 5 years

CHLOR ALKALI PLANT

FW reduction: 35.8%

WW reduction: 100%

Net annual savings = USD 105, 000 /year

Payback period = 1.87 years

MALAYSIAN NEWSPRINT

INDUSTRIES

PAPER MILL PLANT

FW reduction: 14%

WW reduction: 14%

Net annual savings = USD 150, 000 /year

Payback period = 1.5 years
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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
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But may not be possible due to certain 

reasons....

• No economy-of-scale

• No suitable water streams

• No expertise
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Can we centralised the 

water reuse system to a 

larger network?
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Option 2: Centralised water 

reuse system
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How to make water exchange 

across industries a reality?

Water 
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Industrial symbiosis. Supply Side Planning 

Demand Side Planning. End-of-Pipe Solutions

Eco Industrial Park

“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.”

“Waste” from one company becomes a  resource for another company
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PLANT CPLANT A

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

PLANT B

Process A1

Process A2

Process A3

Process A4

Process B1

Process B2

Process C2

Process C3

Process C1

Process C4

But... How practical is this system?
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Process A1

Process A2

Process A3

Process A4

Process B1

Process B2

Process C2

Process C3

Process C1

Process C4

Interplant Water Integration - Model 1

Who needs to pay 
for the cost of 
pipeline and 

pumping?

Does this protects 
the confidentiality 

of the plants?

Complexity of the 
pipeline considering 
the location of unit 

process

What about the 
length of pipeline 
between plants at 

Total Site?

Do they have time 
for data collection 

for each plants 
across Total Site?

But... How practical is this system?
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Interplant Water Exchange -

Business model possibilities

Can the water exchange system be 

managed by middle man or maybe 

park managers?



www.utm.my innovative ● entrepreneurial ● global 40

Possible business model

Wastewater 

Treatment Plant

C
e
n
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Sell

Buy

Industries

Piping & 

pumping

Water reuse 

tariff

Quality Assurance

Middleman
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How it works?
SAJ FW non-domestic tariff: RM3.30 per m3

FW = 100k m3/y 

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

FW = 80k m3/y 

Water Bill = RM264k/y
WW = 70k m3/y 

WH1 = 20k m3/y 

Water Bill = RM52k/y

WH1 tariff (buy): RM2.60 per m3

New Water Bill = 

RM316k/y
Reduce WWT cost!

Additional income from selling 

WW!

WH1 tariff (sell): RM1.30 per m3

WW = 30k m3/y 

WH1 (sell) = RM39k/y

5% Water Bill Reduction!

Conventional

New



www.utm.my innovative ● entrepreneurial ● global 42
Ahmad Fadzil, A.F., Wan Alwi, S.R., Manan, Z.A., Klemeš, 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 2

Plant A Plant B Plant C Plant D Plant E

Centralised 

Wastewater 

Treatment 

Plant

Freshwater 

Supply 

Facilities

H1

H2

Extract from header stream

Freshwater stream

Wastewater stream

Supply to header stream
Legends:

Reduce 

dependency on 

freshwater

Generate incomes 

from selling of 

water source

Third-party managing 

the system protecting 

the confidentiality of 

data between 

different companies

Reduce 

wastewater 

generation

Maximize water 

exchange between 

plants at an industrial 

site through 

centralised pipeline

One-way flow of 

water source 

based on the 

plant sequence 

at industrial site

Centralised

pipeline simplify 

the industrial site 

water network 

(piping and 

pumping 

arrangement)

Water reuse are collected and 

distributed by using one-way 

centralised header



www.utm.my innovative ● entrepreneurial ● global 43

Centalised 

Wastewater 

Treatment 

Facilitiies

Freshwater 

Supply 

Facilities

H1 (outer), H2 (inner)

Extract to header stream

Freshwater stream

Wastewater stream

Supply to header stream
Legends:

Plant A Plant B Plant C Plant D Plant E
Plant A Plant B Plant C Plant D Plant E

Centralised 

Wastewater 

Treatment 

Plant

Freshwater 

Supply 

Facilities

H1

H2

Extract from header stream

Freshwater stream

Wastewater stream

Supply to header stream
Legends:

Reduce 

wastewater 

generation

Maximize water exchange 

between plants at an 

industrial site through 

centralised pipeline

Centralised

pipeline simplify 

the industrial site 

water network 

(piping and 

pumping 

arrangement)

Two-way flow of 

water source 

(act as a 

reservoir) based 

on the plant 

sequence at 

industrial site Fadzil et al. (2018)

Ahmad Fadzil, A.F., Wan Alwi, S.R., Manan, Z.A., Klemeš, 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 3

Water reuse are collected and 

distributed by using two-way 

centralised header

Centralised

Utility Hub
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Interplant Water Exchange Concepts - Model 4

Chew et al. (2009)

Process 1

Process 3

Process 4

Process 2

Freshwater

Wastewater

Process 5

Process 7

Process 8

Process 6

Freshwater

Wastewater

Process 9

Process 11

Process 12

Process 10

Freshwater

Wastewater

Centralised

Utility Hub

Indirect integration via 

centralised utility hub

Act as reservoir

(collect wastewater 

from each plants)

All WW send to centralised 

utility hub

Ref: Chew I.M.L., Foo D.C.Y., 2009, Automated targeting for interplant water integration, Chemical Engineering 

Journal, 153(1-3), 23–36.
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Interplant Water Exchange Concepts - Model 5

Chen et al. (2010)

Centralised

Water Main Act as reservoir

(collect wastewater 

from each plants)

Centralised water main is 

used to integrate water 

between plants

Plant A 

Water Main

Plant C 

Water Main

Process 1

Process 3

Process 4

Process 2

Freshwater

Wastewater

Process 9

Process 11

Process 12

Process 10

Freshwater

Wastewater

Process 5

Process 7

Process 8

Process 6

Freshwater

Wastewater

Individual 

water main is 

used to 

indirectly 

integrate water 

within plants

Maximise water exchange 

within plant + Remaining send 

to centralised water mains

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.
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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?
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Food for thoughts

Interplant Water Exchange -

Possible government support

Can we have similar concept to FiT but for 

water?



www.utm.my innovative ● entrepreneurial ● global 50

Systems 

Engineering 

Modelling

Mechanism & 

Policy Study

Social 

Acceptance 

Study

Risk Assessment
Stakeholder 

Engagement

Standards

Total Site Centralised 

Water Integration

Supply Side Planning

Demand Side 

Planning

End-of-pipe  Planning

Business model

Logistic planning

Mechanism 

Study

Tools & 

Technology 

Development

Capacity 

Building

IT Systems

Training 

Module

Train the 

trainers

Awareness 

programme

TSWI

Guideline

TSWI Technologies

Management 

Systems

Economic Analysis

1 2 3 4

Possible research
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Key Take Home Messages

 Water shortage – one of the world’s biggest risk

 Engineer water sustainability via Holistic WM

 Water Minimisation - Maximise within 

facilities 

 Consider Centralising: Interplant Water 

Exchange with Win-win Business Model
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A Huge Thank You, and Congratulations to… 
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www.utm.my

Thank You
For more information:

syarifah@utm.my

www.prospect.utm.my

‘Engineering the Future’

mailto:syarifah@cheme.utm.my
http://www.prospect.utm.my/

