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Vision & Mission of “Mega-ton Water System” 3=,
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Vision : Sustainable SWRO Desalination in the 21st Centuries

Mission : “Mega-ton Water System” as Green Desalination
1. Energy saving (20-30%)
a. Low pressure SWRO membrane

b. Low pressure two stage SWRO system with high recovery
. Low environmental impact

a. Less chemical for reliable plant operation

b. Less chemical cleaning

c. Less chemical and diluted brine discharge
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History of anti-biofouling trials

and New System for future SWRO system

Initial stage Conventional SWRO System (1990~)

Continuous Continuous e . . .
Chlorination De-chlorination Sterilization by chlorination was common sense
Pretreatment
el gl
™~ ﬂsﬁm swro | L —> Frequent Bio-fouling!
v o, ter + Brine e
Intermediate Current SWRO System (2004~)
stage Moo | ——— Mild sterilization has been adopted
ntermittent Intermittent
Chlorination De-chlorination
L Preveme | ] % Bio-fouling can not be eliminated
&, 09 Qi
;.im ?.11:3 S‘ig:fm Filtrate \1/
v There was a doubt as to the effect of chlorine sterilization
Ideal stage Future SWRO System (2017~) proposed by “Mega-ton
Water System" project No chlorination, no de-chlorination

No No |
_ Chlorination De-chlorination BIO_fou/Ing can be Controlled

New System Precreament oy .
& ‘ u SWRO |

o Ol st * o, T Optimize pretreatment conditions by monitoring “mBFR”
“"mBFR" Monitor»i_ng:l - : "n\BFR'_Mog\ithing_~2 el |
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Conventional method i  fuorescence 1. Disinfection effect of chlorine
(Plate count method) Microscopic observation . .
B Total cell by conventional method is
B Colony forming cell B Membrane undamaged cell overestimated.
Respiratory active cell
1,000,000 1,000,000 2. Inthe new fluorescence
microscope observation, much
100,000 100,000 - - more marine bacteria survive
3 S after chlorine disinfection.
[O8 =
§ 10,000 %10,000 . - 3. Chlorine sterilization of
§ ;@: seawater is wrong, not onIy
3 Lo = 1000 - o ineffective, but rather
Q .
counterproductive.
100 1o - >> See later slide.
Raw Chlorinated Raw Chlorinated
Seawater  Seawater Seawater Seawater

. . SWF 19 - Page 4
©2019 Toray Industries, Inc. All rights reserved. g



“MmBFR”: Membrane biofilm formation rate

- Biofilm is formed on the carrier while target water being fed inside the column.
- Biofilm is quantified by measuring ATP amount on the carrier (RO membrane).
— Definition: mBFR : AATP(pg/cm?)/ Time (day) (ATP : Adenosine Triphosphate)

Outline of measurement Result example
;E' Y
sotm cecinsy £ mr
t RO membrane d’:j' developed by Toray
é O/ = g as an indicator of
. E> | [:> @ E' . Seawater RO supply
600mm '\ T\ = g water
Column .© o .
\ fLe
RO membrane piece >
v in Separable Column ATP 0 2 4 6 8 10
@ Feed measurement Time (days)
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Initial stage: Continuous chlorination,
Continuous de-chlorination(SBS)

Ideal stage: No chlorination,
No de-chlorination(SBS)

ATP [pg/cm?]

Filled circle and square:
RO differential pressure

Open circle and square:
ATP(biofilm) amount on
RO membrane piece in
Separable column
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Quantitative RO chemical cleaning interval due to biofoglinéﬁf”"f

-

Low Medium High
A
r \
Pretreatment qz; 1{ JPlant1
(No Chlorination, No de-chlorination) SWRO "é"
o —> (=)}
A = A =
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, Filter | 9
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“mBFR” “mBFR"” I_U Plant 3
Monitoring 1 Monitoring 2 é O Plant4,5 an
an
<)) @ 6 >
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O 10 30 100
Monitoring Points of “mBFR” mBFR
[pg/cm?/d]

Relationship between “mBFR” and
Chemical cleaning interval

Low “mBFR” is necessary for reliable operation of SWRO plant with less chemical cleaning.

Chemical Cleaning interval can be predicted with “mBFR” of RO feed water.
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Preliminary Verification Project

/Pilot Plant between SWCC/DTRI and Toray & Hltachl

& Hagl

Duba ®
Al wajl &

Shoalba (&

Jeddah (gy Meces p—

Al-Jubail
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Signing ceremony for 500m3/day pilot plant, Joint Project
with SWCC/DTRI, Toray and Hitachi on Feb. 7th, 2016
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Pilot plant Test : 500 m3/day

( Tank yard )

( SWROunit )

e ae SN T " ey

I. SWCC/DTRI, Toray and Hitachi collaborated to evaluate advanced design system and
technologies developed by “Mega-ton Water System” project. (Dec. 2016 - Jan. 2018).

Il. Al-Jubail is located on the Arabian Gulf, subject to high salinity (4.6%) and large temperature
variations (14 to 372C).

lll. New system as ideal stage (No chlorine, No SBS) for biofouling was verified during one year as
reliable plant operation.

Site : DTRI at Al Jubail |8
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Full Plant Verification Project between SWCC ar;d N‘EDO

‘ b /\
MoU Exchange ((NEDO
1 f{ e J L]
i ‘ ". ““\ H I ,| ‘\ 3 } i < .
i i i ‘y \ ‘ New Energy and Industrial Technology M d f Saline Water Conversion Corporation
| : Development Organization (NEDO) ufg::gnliﬂ:,; (SWCC)
] (MOU) >
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{{NEDO

Entrustment
Implementation

> ' /" Document(ID)

HITACHI TORAY
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Duba® x “ .
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MOU exchange ceremony for 10,000 m3/day
full plant verification project between SWCC

and NEDO on Dec. 11, 2017
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Verification project for energy saving & low environgp_;éﬁtf;’

impact seawater desalination system in Saudi Arabia

I. New Advanced Low pressure SWRO membrane
Advanced Core Technology Il. Low pressure two-stage high recovery SWRO system
lil. Biofouling Monitoring “mBFR” technology

Pretreatment @ @ e —
s 561 e () > ) > ©) e (Y - et 2

| recovery water

9 Conventional " Feeapump I Hgh-pressure K 3 :
S i ~<, == P
c g 7
ie, | S ~ Booster @
o ~ pump h
o' 99.5 -~ ‘ Rear membrane module
(o4 [ High Pressure Low Pressure o (Second stage)
| Seawater Desalination Seawater Desalination
99.0 3 X ; : / Energy \ ﬁ
. recove
7.5 7.0 6.5 6.0 5.5 5.0 4.5 e

Operating pressure for obtaining same flux'? (MPa@1.0m3/mz2/d)

Low pressure, Energy reduction Brine

New advanced low pressure Low pressure two-stage high recovery
SWRO membrane SWRO system
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History of High performance SWRO Membrane ‘5*

and New Innovative SWRO membrane /o

History of Toray “ROMEMBRA” SWRO
Membrane Element Performance

99.9 2011
2010s
2018
99.8 .
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MEGA-TON WATER SYSTEM ‘

| Municipal
? ' Water

. Seawater
7

System Pump -
<Seawater Conc. = 3.5%> Membrane Efficiency SEC Rate (%)

Megaton

Technology New ERD 90%

Megaton (R=60%)

* Benchmark is Conventional Technologies in 2010.

<Note> The figure described above presents an example of FS cost estimation result for a 1,000,000 m3/day
seawater RO desalination project under normal seawater and typical design conditions.
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SWRO with PRO System of "Mega-ton Water Systefi?”"

d
rd

City

Seawater Municipal Water

Desalination Plant | PRO System

PRO: Pressure Retarded Osmosis

| Reclaimed
Brine - - Water
v

Seawater

Target : Energy recovery from the concentrated brine and Discharge of

less chemical and diluted brine for Low environmental impact.
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SWRO with PRO System Flow of “Mega-ton Water S?ft&ém”

Treated
Waste Water

Feed water: 420 m3/d FS Tank
of treated sewage

PRO membrane:10-inch

DS Tank hollow fiber x 8 pcs. /“"
,,,//
S“.,RO —_— - To Effluent Tank
Brine
Draw solution: 460 PRO Unit

m?3/d of SWRO brine
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SEC Rate (%) comparison of 1) Conventional SWRQ,#- &

2) Mega-ton SWRO and 3) Mega-ton SWRO Wlth’PRd

MEGA-TON WATER SYSTEM
‘ ‘ | ‘ Municipal ‘
Seawater . . | ——
h- hNnol ogy Lmﬂg” ~U _. PRO . Seawater

Process 5 Pump
~=Seawater Comc. =3:5%> Membrane ERB """"""" Efficiency

Mega-ton (R=60%) | ow-Pressure |
Mega-ton (R=60%) SWRO L= £ 90%
with PRO Membrane -

Conventional (R=45%)

* Benchmark is Conventional Technologies in 2010.

<Note> The figure described above presents an example of FS cost estimation result for a 1,000,000 m3/day
seawater RO desalination project under normal seawater and typical design conditions.
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Conclusion

“Mega-ton Water System” for Green Desalination afford the following conclusion

1.

©2019 Toray Industries, Inc. All rights reserved.

Chemical Addition of chlorine and SBS dosing triggers biofouling, thus no chlorine and no SBS
dosing SWRO system is proposed as new system for ideal stage.

Biofouling monitoring technology “mBFR” is good indicator for reliable seawater desalination
system design and operation.

“mBFR” technology was verified in pilot test, located Al-Jubail, SWCC/DTRT in Saudi Arabia

Full plant verification project between SWCC and NEDO started at Ummluji , Saudi Arabia to
confirm followings.

(1) New advanced low pressure SWRO membrane

(2) Low pressure two-stage high recovery SWRO system

(3) Biofouling monitoring “mBFR” technology

As a next step, by incorporating PRO of "Mega-ton Water System", it can contribute to reducing
environmental impact as it can achieve energy saving of 30% and dilution of high concentration

discharge at the same time as compared with the conventional system it can.
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Time schedule of “Mega-ton Water System” project

| FinancialYear | 20102013 | 2014 | 2015 | 2016 | 2017 | 20182022

“Mega-ton Water
System” Project

FIRST Program:
\ NEDO-SWCC \ Funding Program for World-Leading

,:::s: :::'g::::'er \ (2318 | Demonstration Project\ Innovative R&D on Science and Technology
& g '” 500 m*/d Full Plant NEDO:
System” project 10,000 m*/d —_— .
Post Megaton New Energy and Industrial Technology
Development Organization

"‘ National project - Private company project
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