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O Industrial Process Water
O Process Water Usage in Raw Rubber Processing and Glove Manufacturing
O Wastewater Treatment Systems

O Membrane Separation Technology for Treated Wastewater Recycling

O Global Wastewater Recycling Scenario

O Rainwater Harvesting and Purification & Required Criteria for Green

Technology
\

O MRC Green Technology Fund for Water Purification & Scoring Guide
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Industrial Process Water
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It is a common name for water which cannot be
classified as drinking water.

It is basically used in relation to industrial plants,
industrial processes and production facilities.

Process water has undergone extensive treatments,
e.g., softening and demineralization. Treated to suit
the designated industry.

Depending on the process, however, the quality of
the water may vary significantly.

In order to use water of the required quality, itis
essential to measure and monitor all the chemical,
physical, microbiological and organoleptic
parameters that affect the operation of a plant and
the quality standards of the final product.
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Process Water Requirement for Raw Rubber Processing

Latex
processing

Systematic
coagulation
in the factory
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Water usage : 10 5kg /kg

DRC Surgical &
meke) Gloves
. Tires &
| Serum from coagulated high end
rubber contain high BOD
and excess formic acid rubber
Water usage :10.5 kg /kg products
DRC
Water usage : 19.5 kg/kg Tires and
| DRC rubber
High BOD content products
(4000 mgfkg)
Woater usage
7-8/kg/kg DRC
High BOD content

5000mg/kg




Glove Manufacturing Line & Process Water Usage

Public Utility
Board Water

Supply

Wastewater: WW
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market for rubber gloves (300 billion
pieces) and recording 52.7-billion-ringgit
(US$12.7 billion) worth of glove exports in
2020.

Source: ASEAN Briefing (6-9-2021) Dezan Shira &
Associates)
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*Estimated figures based on Malaysian Rubber Statistics 2019 (Malaysian Rubber Board)
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Daily Process Water Requirement & Wastewater Discharge
STREAMS IMPORTANT WATER REQUIREMENT SOURCE *WASTEWATER
ACTIVITY (m3/day) (m3/day)

Mid-Stream Raw Rubber >60,000%* Public 50,000 -55,000
Processing Utility /River

Down Stream Latex Products >150,000* Public Utility 100,000 - 130,000
Manufacturing

Malaysia supplies 65 percent of the world Secondary

Anaerobic/Facultative
Ponding System (raw rubber

processing effluent)




Availability of Freshwater

97% of the water on the Earth is salt water and only three percent is freshwater; slightly over two thirds of this
is frozen in glaciers and polar ice caps.

The remaining unfrozen freshwater is found mainly as groundwater, with only a small fraction present above
ground or in the air.

Fresh water is a renewable resource, yet the world's supply of groundwater is steadily decreasing, with
depletion occurring most prominently in Asia.

25%
FROZEN

The
VWhole
VWorld’s
VVater

Almost all of the remaining fresh water
is locked up in glaciers and ice caps, or
in aquifers deep under the surface

“— ONLY

0.5%
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WATER!
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The available fresh water
e is unevenly distributed
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Vi
The Need for Alternative Process Water Source

J

» There would be acute shortage of water with the rapid increase of population as the surface
water resources would be just enough for potable water and farming.

= More and more rivers and lakes would become intake points for public utility water
supply(PUWS). Industries would face resistance to use rivers as process water source, or to
discharge treated wastewater.

= Industries would be heavily dependent on PUWS and competing with potable water for its
process water needs.

= Continuous increase in public utility water tariff (varies from state to state) would cause
increases in the production cost and could affect sustainability of the industry.

= Qver dependency on public utility water supply during dry spells led to water rationing (2013-
2014), which interrupted the production and resulted in revenue losses

Therefore, an alternative process water source is of utmost importance to be in control of its
supply; to maintain continuous production; possibly cost savings leading to additional revenue..
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J ~ 7 | Available Technologies

d Wastewater Treatment Systems

d Membrane Separation Technology for Purification of
Treated Wastewater

- Rainwater Harvesting and Purification
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| Wastewater Treatment Systems
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Activated Sludge System

N Pre-treatment + Chemical + Primary Clarifier

* Pre-treatment: Equalization Tank

* Chemical: pH Adjustment + Coagulation + Flocculation
* Primary Clarifier

Biological Treatment System

(to reduce BOD, COD, Ammoniacal & Nitrate Nitrogen, and Suspended Solids)
» Activated Sludge System

» Sequential Batch reactor

» UASB + facultative/aerated ponding

Secondary Clarifier & Discharge

solids
grid removal

—

wastewater

pre- sand dis-
treatment aeration zone settler filtration infection
> —>
effluent
sludge
> dg

Gas Holder Gas Use or

. bum off

UASB + Facultative/Aerated Ponding _ °-

L: T |Effuent Wair

Post Treatment
[SBR or detention
pond et

Screens Infusnt |
Wastewater

Grit Chamber
Influarit
) +—®

Sludge Treatrnent

UAZE Effluent . Final Effluent

Flocculent

Coagulant
Acid

Treated
effluent
agricultural
drain

pH adjustment

Y
[ 1]

Tank

Lifting pumps

Sludge Sludge
To Disposal Tank

O

Biological
Sludge

yoludge v

Polymer
addition

S

Filter Press or Alternative

LS

Typical Sequencing Batch Reactor Cycle
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Parameter

Temperature &

pH Value
BOD"at 20°C

Suspended Solids

Mercury
Cadmitim
Chromium,
Hexavalent
Chromium,
Trivalent
Arsenic
Cyanide
Lead

Copper
Manganese
Nickel

Tin

Zinc

Boron

Iron (Fe)
Silver
Aluminium
Selenium
Barium
Fluoride
Formaldehyde
Phenol

Free Chlorine
Sulphide

Oil and Grease
Ammoniacal
Nitrogen
Colour

V.
Unit " Standard

2C

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ADMI*

A

40
6.0-9.0
20

50
0.005
0.01
0.05

0.20

0.05
0.05
0.10
0.20
0.20
0.20
0.20
2.0
1.0
1.0
0.1
10
0.02
1.0
2.0
1.0
0.001
1.0
0.50
1.0
10

100

40
5.5-9.0
50

100
0.05
0.02
0.05

1.0

0.10
0.10
0.5
1.0
1.0
1.0
1.0
2.0
4.0
5.0
1.0
15
0.5
2.0
5.0
2.0
1.0
2.0
0.50
10
20

200

Industrial Effluent Discharge Standard, 2009

determined by DOE.

treatment.

O Treated wastewater is mandatory to comply to either Standard A 0[5,

O To undergo advance tertiary treatment process (ATTP) by membrane
separation processes, TWW ideally has to comply to Standard A and Total
Dissolved Solids < 500ppm. Complying to Standard B, needs additional

ATTP can be incorporated into the existing WWT system to improve
water quality

This tertiary process could enhance treated wastewater recycling

Membrane separation process is an ideal advance tertiary treatment

process

Various membrane separation processes are available (MF, UF, NF and
RO) depending on the usage of the recycled water.

Existing
WWT
System

=

Retrofitting
Membrane
Filtration

e

.

Improved

=

St

Water
Recycling

=
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Membrane Separation Process
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i i ( ¢ L ubular Flow
_) Conventional Flowand Cross flow filtration :12-15ft:sec)
CONVENTIONAL CROSS FLOW oncentrate
FILTRATION FILTRATION
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Perpendicular flow causes a quick Cross flow increases permeate
build up of solids on the membrane passage through the membrane. This

surface, which reduces flux. greatly improves membrane efficiency.
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Membrane Separation Process Classification

©

Rejection illustration

% Suspended
. : . particles
Microfiltration G&s% \
M acro-
. _ Ultrafiltration molecules

Dissociated acids

Divalent salts
Nanofiltration Sugars

.-

Undissociated acids
Reverse Osmosis Monovalent salts

x Water

Retention Pressure
(Bar)
>0.01um 0.5 - 3.0
<5um size particle
0.01 to .001um size | 5.0 - 15
particle
>95% 8 -40
<50% NaCl
solution
>90% NaCl 30 - 60

Solution
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Membrane Modules Configuration for Industrial Application

\\ / t Permeate

Pressurized

Qutlet
Retentate

e — Hollow-fiber

e = == Housing

Hollow Fiber
Membrane Bundie

Inlet Feed Bonded

Section Submerged
1

Product Tube Teate S pi ra l Wo u n d

Submerged Module System

vw 'P~‘ ; JF\- _,l"\ { o T
 — ) 7,500m3/day
: E. % UNS-620A*180Modules

-

Mesh Spacer

= e

==L Membrane
Permeate Carrier
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Membrane Modules Configuration for Industrial Application (Cont.)

The World's Most Compact
Total Package RO And NF Systems

Introducing MegaMagnum?® Water Treatment

Reduced Fo otpnnt Fewer Connections * Skid-Mounted « Ready To Perform
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Retrofitting of Membrane Systems to Existing WWT Plant

N

N’

7,500m3/day
UNS-620A*180Modules

Treated wastewater

From WWTP

Submersed MF
membrane

MF filtered treated
wastewater

Pressurised UF
membrane

MF-UF-Filtered
Treated wastewater

Pump

I

Pump

This water\‘quality must comply to
DOE’s Industrial Effluents
discharge Regulations (2009)
Std. A or B, depending on the

factory’s location.

Pressurised RO
membrane

MF-UF-RO Filtered
Treated wastewater
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Uses of Treated Wastewater after Tertiary Treatment by MF, UF and RO and System Cost

Treated Wastewater TWW+MF TWW+MF+UF TWW+MF+UF+RO

(TWW)

General Washing
Factory floor washing
Flushing toilet

Woashing

compounding
equipment
Woashing dipping

tank.

* Diluting latex

* Former cleaning

* Pre-leaching water

* Boiler water

* Preparing coagulant
and former release
agent.

* Post-leaching water

* Diluting acid, alkali and
preparing general
compounding chemicals.

* As denoised water for
analytical instruments

m3/day MF /UF MF /UF /RO
RM (mil) RM(mil)
2500 3.3-3.5 4.0-4.5
2000 2.8-3.0 3.5-3.8
1500 2.2-2.5 3.0-3.5
1000 1.5-1-8 2.3-2.5
500 0.9-1.2 1.5-1.8

\
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Singapore NEWATER Plant Using Various Types of Membrane Systems

Raw
Water
217,000

m3/day

Equalisation Strainers Pretreatment
Tank Filtrate
Pretreatment Tank RO
Feed Feed

Pump

(Microza UNA-620A)
(3,200 Modules)
191,000m3/day

Pump

g

RO System UV Product NEWater
Water 116,000
Strage m3/day
Tank

Pretreatment
System

g

Strainer

\
SDI<3

Turbidity < 0.2 NTU

MF
RO

Recovery

98 %
90 %
80 %

Industrial Industrial
Water Water
Tank 46,000

m3/day

SS <1 mg/L




Usefulness of Wastewater Recycling

| 4R Strategy to reduce Waste « Clean water would become scarce in the future; reusing treated
- o s wastewater is most ideal option.

MOST FAVORED OPTION

« Estimated discharge of > 100,000 m3/day of treated or partly
R d Lowering the amount treated wastewater into water course can be avoided.
educe prives produced
« With water tariff ever increasing, substantial savings could be
L made using recycled water.
m Using materials repeatedly « Estimated reduction in water utilization cost by 25-30% and 50%

reduction by 2020 (MRB’s study, 2018).
L. Recycle
L RECUUEW Recovering energy
from waste

Safe disposal of
~ waste to landfill

LEAST FAVORED OPTION

Using materials to | « Reduce domestic water consumption, which preserves water
make new products . resource and maintains environmental sustainability.

« Attain self-sufficiency and in control of factory’s process water
requirement

Adopting sustainable water use practices could strengthen their
brand reputation and gives green image.

» The factory could qualify for MIDA's Tax Incentives for Green
Industry



Global Scenario of Wastewater Recycling

Wastewater Reuse in the world

1 42? ?«l:\r 19 Jandy
; . 200 reuse plants
1831 reuse plants pie
: -~ ‘*‘— , L - .' . - - 2 $
- & 6 \

1218 kmdiyr | &

SHE N, 72 reuse plants :
A | 7.1 km3lyr (0.18% of water demand) |
' =
N >2000 reuse plant
‘ ;%mmNT 0 ;' ‘ e 4" e o
s South Africa | o 1000 |
\ I 0288 ke \ I 17004000 ¢
E 20 reuse plants B 4000-10,000 -
®  Agricultural imigation o R B 10,000 0 gfg‘mgm
P Urban uses & goif courses || inustrial uses Ha - 435 reuse plants

Treated Wastewater Use

(million M3/d)

Global Reuse of Treated

Wastewater = 21 million m*/d
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Malaysian Rainwater Resources
_ Vi
\‘F-"IWalaysia’s ample rainfall (receiving over 2800mm annually) could be easily collected on roof tops. and

‘abundant runoff water could be collected, pre-treated in-situ and stored in underground storage facility.

by Malaysia is well positioned to harvest rain water for both potable and non-potable uses.

» This water could be subsequently treated to various quality and stored in elevated tanks and used as
process water to supplement PUB water supply.

Break Down of Rainwater Resources
Source: National Hydraulic Research Institute of Malaysia (NAHRIM), 2016

Condensation 7 Advection

Break down billion m?3 ; (P -
) d ‘Condensat
Annual Rainfall 990 suinason | e <
gl i j ~4
Evapotranspiration 360 Sous | it { 1
LACrS “J:m Evapatranspiation
\' Rém
Surface Runoff 566 *'m g l Evaporaon
Vegetauon Streamﬂow
—Steam Z=—""-
Annual recharge 64 Oty > 7 Gremn |
e ( | § Inhllre]mon Ouatand Fo
Surface artificial storage 25 i e AT
Groundwater storage estimate 5,000 \ —— .

» Therefore there is an urgent need to take up rain/roof water harvestlng/conservatlon methods to make ita
S
sustainable process water source. - J )

\
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Rainwater Harvesting
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Collection from Roof of factory

= Costs incurred for purifying the water for potable use

are nominal.

= Harvesting rainwater is not only water conserving, it
IS also energy conserving since the energy input
required to operate a centralized water system
designed to treat and pump water over a vast service

area is by-passed.

Independent and ample supply of water in the
dwelling.

Water received is free of costs.

Use of this water significantly reduces water
bills for purchased water from municipal supply
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Rooftop Rainwater Harvesting & Purification

. Purification by Membrane Process o/
8. Coxretyancon
g Harvested and pre-treated rainwater must undergo
RO OO E Sl it tertiary treatment by MF/UF/RO for high end-uses in
& ) £. Fioating pump iake : :
AR ® R manufacturing line.
bassb ey bl dre

R ASC um mash N
6497 x 45" Shacglans- tocy S Nad weh graniyind

ackvaled caltdn and Kowtis Uegyadaton Fraden Ultrafiltration
(M) A 207 5 4" roplaseatia arrcion Siee Wb 10 jim Microfiltration 0,02 micton
LAVEeaLad O TvA Btk Sl AR 3 Sand Filtration 0,1 mieson }

1) A Q00 eiaesioe Screening 1 myerons

!
L, Corveyance to th buiding \
S Faocet
K. Dvnding fouresia

Ulirafiltered
Water
Virus

Hactena Jrganic salfs >
Red Slood ceis macm-molecules

Microfiltration Nanofiltration
Ultrafiltration | Reverse Osmosis
|

Macromolecules

Colloids

Suspended
Particles




Criteria for Special Fund for Harvesting and Purification of Rainwater
\\/ P J

- = Rainwater is relatively clean if collected directly or from rooftop, if surrounding air is not polluted
and without suspended solids can be used for general cleaning. Does not qualify for the special
fund.

= Surface run-off collected and pre-treated by passing through grid and coarse filtration and used
for general cleaning; don't qualify for special fund.

= Importance will be given to the technology used in purifying the harvested water for high-end use.
= Quantum of rainwater harvested, purified and used in actual manufacturing process is important.

= Hight projected amount of harvested and purified water utilized in manufacturing activities after
implementation of proposed project, will be considered.

= Harvested rainwater without undergoing purifying treatment and used for general cleaning will not
get much consideration although it reduces the consumption of PUWS.
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M\RC’S Green Technology "Fund For Water

/0 In an effort to pramote the use of sustainable water sources as process water in the rubber products

manufacturing industry, the government through MRC initiated the above fund.

O This special fund or matching grant not exceeding RM one million, is a form of financial incentive and assistance

given to qualified applicants intending to fabricate systems, utilizing green technology to obtain water and utilize
it in the manufacturing line as process water.

Evaluation of the Fund will Focus on the following Criteria

The amount of water utilized in the manufacturing line using the proposed system must ideally bring about as
much reduction as possible in the utilization of Public Utility Water supply(PUWS). Higher weightage for highet”
reduction in the usage of PUWS.

The system proposed will have a high weightage for the grant if it is able to purify the treated or harvested water

to the highest water quality possible which can be utilised in manufacturing process line. \
A
More Green Technology weightage will be given for Wastewater Recycling and Ramwater Harvesting & |

Purification. J

Location of factory within Skm radius of river upstream (up\r‘|</er - closer to water catchment poi
more weightage and reduces as\'_cﬁstance gets further to down st ownriver).
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Green Technology Scoring Guide for Water

Quality of
Response

Percent
score

Mixture Amount of
Treated Water to PUWS

d
35%

N
Quality of Treated Water
- Total Dissolved Solids

15%

Source of Water Supply

5%

Location of Water Intake Point
PUWS

Treated wastewater discharge point
is located at upstream of Water

Excellent -1 9 i
xcellen 90-100 More than 50% Less than 101 ppm Woastewater recycling only Intake Point of PUWS, within 5km
distance (conform to standard A)
Combination of wastewater LrT:JSiXZitj:;::;iIS:r ?/:'/i?:om’r
d - Bet 1-509 - i i
Goo 80-89 etween 31-50% Between 101-200ppm recycllr;lgqlirzﬁr:qu’rer Intake Point of PUWS, beyond 5km
9 distance (conform to standard A)
Treated wastewater discharge point
Moderate | 50-79 Between 15-30% Between 201-500ppm N/A is located at downstream of Water
° i Intake Point of PUWS (conform to
standard B)
Low 0-49 Less than 15% More than 500ppm A /A
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