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B Dow’s Business is about Addressing World Challenges
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I |[hdustrial Wastewater Treatment Costs
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B |ndustrial Wastewater Treatment Top Needs
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s DOW FILMTEC™ FORTILIFE™ and UHPRO (Ultra-High Pressure) RO

Elements
Designed for a Challenge.

challenging waters and applicatiaiéing:

* Reliablperformance

 Reducevater costs

» Achievableustainability goals

« Minimabiofouling problems

* Minimaliquid Discharge (NMLD
FORTILIFE™ CR100
FORTILIFE™ XC70
FORTILIFE™ XC80
FORTILIFE™ XC-N

DOW FILMTECE FORTI LI FEE RQCQ
seasoned Dow experts help industrial end users tackle the
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Salinities in mg/l NaCl

FO: forward osmosis
EDR: Electro Dialysis Reverse
MVR: Mechanical Recompression
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mm \Wastewater Treatment Design Recommendations

Primary Wastewater Reuse

o- High biofouling potential

FORTILIFE™
DS CR100

Range
0- 15,000
ppm

Minimal Liquid Discharge

- High biofouling potential

- High recovery
- Low energy

TDS
Range
0- 15,000

ppm

DS
Range
15,000-

70,000+ ppm

\
FORTILIFE™
CR100

J

FORTI LI FBEH

XC70 (1%t stage)

FORTI LI FE
XC80 (2n Stage)

J

: - Brine recovery
- Minimize waste salts

- High biofouling potential
- Max recovery

) N
FORTILIFE™ FORTILIFE™
CR100 CR100
TDS
Range 0- ) J
15,000 ppm
) )

<

FORTILIFE™ XC70
(1t stage)
FORTILIFE™ XC80
(2nd stage)

FORTILIFE™ XC70
(1%t stage)
TDS range FORTILIFE™ XC80

<

15,000 —  [NEiEEED)
80,000 ppm
J
J ~
Dow UHP RO
(Ultra High
Chwe¢lL]J TOS ran Pressure )
ge
TDSrange [YEN 100,000 — J

60,000 —
100,000 ppm

00,000 ppm

i
%
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B Dow Solutions for Industrial Water Reuse I Minimal Liquid Discharge

Precipitation Processes Filtration Processes  Dow Ultrafiltration Dow lon Exchange
(e.g. Lime and/or Iron, optiona(k.g. Sand, GAC, optional) (Particle removal) (Scaling prevention)

N

> 1-8% TDS
To discharge, post treatment or further use

|—> 10 — 20% TDS

D> %
> Dow FORTILIFE 6;32% DS\I/tv SpchLa:;t)y Membrgré)es
RO 1 XC70/XC80 ra High Pressure
DOW FORT'L”:E “"7."""""""5 - -

CR100 —— iy, Purified brine

for further use

lon selective membrane 4 - 6% TDS
v v Dow FORTILIFE v
Water reuse Water reuse XC N Water reuse
<100 mg/L TDS <400 mg/L TDS <1000 mg/L TDS
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mmm Municipal Wastewater: FORTI LI FE™ CR100

Evaluation o f t wo banks of 6 x 47 el ements I n series

RO Feed: TDS = 1700 mg/L; TOC = 5.9 mg/L; ATP = 46 ng/L; Nitrate = 24.9 mg/L; Phosphate = 0.4 mg/L

Pressure Drop

2 - «ElementA « FORTILIFE™ CR100
2 CIP1 CIP2 CIP3 CIP4  CIP5
gl 1 7] L e I i
5 D S / : _J . + ™ /e —-’l/
© s St et o ..-nﬂ"“ ' :uﬁﬂ,' ‘ : — 4"‘:

0 — * f — — I . — I

0 1 2 3 - 5 6
Months

A 29% reduction in CIP frequency
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= Industrial Wastewater: FORTI LI FEE XC70 Brine Concent

To improve system reliability Competitor SWRO elements in RO3 were replacedwith FORTI1 L1 FE q XC7

RO3 Feed: . . . ]
Feed TDS: ~31,000 ppm CIP practice with SWRO installed:

Feed COD: 800 ppm » DailyCaustic Cleaning at the end of th
Total Hardness: 800 ppm day. (15 mins)
pH: 7.1  Short CIRvith Caustic followed by Acid

after every 3 days (60 mins)

e Long CImwvith EDTA + STPP+ Caustic
followed by acid after every 10 days.
(120-:150 ming.

RO3

2ate <300 ppm

TEXTILE Plant in Egypt 13



B \nhdustrial Wastewater: FORTILIFEE XC70 Br

first 100 days of operation providing improved system reliability

Feed Pressure (bar)
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» one CIP after 90 days of operation

CIP practice with FORTILIFE™ XC70:
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B \ndustrial Wastewater: FORTILIFE XC70 Separation Perfor ma

Feed TDS (ppm) Permeate TDS (ppm)
45000 1200
40000 o _°® 1000
35000 hfwmwws
30000 ® 800
25000
20000 ouo
15000 400 —
10000 NN ittty oS ™
5000 200
0 ° ° ° ° 0 ° ° o °
0 20 40 60 80 100 0 20 40 60 80 100
Days of Operation Days of Operation

XC70 provides excellent stable permeate quality
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mmm Guodian Hanchuan Power Plant in Asia
Salt Separation and Brine Concentration followed by ZLD

A This power plant is in one of the five largest national power groups in Asia.

A Itis chosen as the pioneer power end user to establish Fuel Gas Desulfurization (FGD)
wastewater Zero Liquid Discharge (ZLD) technology.

A Six months of close cooperation between DOW and a local Original Equipment
Manufacturer (OEM) — NJ Lucency succeeded in piloting a new process while validating
the performance of the FORTILIFE XCN and XC80 products.

Process and photo by courtesy of EPC (Endgineeuiregnent =
Construction) contractor: BeijicgnciEnvironmental Tech Co, &
Nanjing Branch :
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mmm Guodian Hanchuan Power Plantin Asia

Salt Separation and Brine Concentration followed by ZLD

r .
FGD Tubular lon Brine : High
scrubber Membrane Separation Concentration Pressure
Filter (TMF) |
l.

MVR NaCl

—

1) High salinity wastewater;
2) High suspended solids; I e -

3) High fluoride & hardness, low alkalinity Reuse |

water |

: |

I

. Elements Amount Process and photo by courtesy of EPC (Engineering
Unit Product Type (pcs) Procuremefonstruction) contractor: Beijicency
. Environmental Tech Co, Nanjing Branch
[ lon Separation FORTILIFEM XGN 80 | g

I Brine concentration FORTILIFEM XC80 78 I
I
! BWRO BW30-400 36 |
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B Guodian Hanchuan Power Plantin Asia
Salt Separation and Brine Concentration followed by ZLD

Raw FGD wastewater composition Piloting time and cleaning
Item Value Unit Item  Value Unit Piloting time / .
System Cleaning

TDS 25000  mg/L NH;-N  56.18  mg/L days
Conductivity 28050 uS/em K+ 124.2 mag/L TMF 100 1 Recovered after cleaning
pH 6.5 - Na* 10687 ma/L NF 60 0 No normalized flow & dP change
Turbidity 60.8 NTU Mg2+ 7586 mg/L RO 60 0 No normalized flow & dP change
ss 80 mg/L Ca2* 2893 mg/L DTRO 30 0 No normalized flow & dP change
CoD 140 mg/L F 65 mg/L
TOC 9.6 mg/L Cl- 7000 mg/L
Akalinty 12 D95 sop 535 mglL Low fouling, reliable performance

Wastewater challenges:
1) High salinity wastewater;
2) High suspended solids;
3) High fluoride & hardness, low alkalinity;

Cited from Sunup presentation, Tsingdao CDA conference, 2016
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B (NH ,),S0O, Recovery from Industrial WW: D O WESpecialty Membranes ultra
high pressure RO

Feed 2:
TDS: 40,000 mg/L(NH,),SO, ( )
20ms3/h
| -
(FORTI LI FE™ .v S
FORTILIFE™
Feed 2: XC70 XG0 E
TDS: 4,500 mg/L(NH,),SO, » 8% » » @) —
140 m3/h 75% 0 % b
UHPRO Reject: S
- TDS: 140,000 mg/L| @
13m3/h
\ Crystalline (NH,),SO,

|

G as fertilizer
ROOP |j‘> Second pass permeate
90% <10uS/cm

19



I Key Takeaways

A DOW FI LMTEE®RT I L | fenElyMare designed with

the

challenges of MLD in mind to provide the best membrane options

for achieving reliable high water recovery at low energy.

A DOW FILMTEC™ FORTI L | ERE0O® offers 30-50%

cleanings

A This is observed in three waters and fouling resistant elements

less

THE NEXT BIG THING IN
REVERSE OSMOSIS...

Reduce “Clean-in-place”
Frequency by 30% ~ 50%

Increase Water Recovery

For Improved Water Availability
Reliable Operations
Low Cost Water

20
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DOW FI LMTECE FORTI LI FEE odu
Me mbranes to stand u to to d61y<5§‘.gji:&2??> C

DOW FILMTE¥Fouling Resistant Membranes
a Track Record of Leading Innovation to Tackle Challenging Water e

Chwe¢L[LCO

Chwe¢L[LCO
[

Chwe¢ L[ ENCO

,

Genl
BW30FR

209>

BW30

Membrane chemistry
Innovations

Module design
Innovations
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B Partnering to Address Waste Water Challenges

Bringing it all together takes partnership
* Innovation: Global and Regional
« External Partnerships: Global and Regional

0)
0)
)
0)

Chemistry/Science/Components Engineering

Systemdngineering

End users : wide range of applications from Industrial, Institutional to Municipal
Regional Water Knowledge and Engagement

28



mm DOW™ UHPRO (Ultra-High Pressure) reducing total treatment

DOW™ Specialty Membranes ultra-high pressure RO (XUS1808-series)

max operation pressure: 120 bar / 1740 psi
(@ max 30°C); 83 bar

Me mbr ane (8"):

PO

ar ea

34 mil feed spacer

Distinctive element construction including polysulfone permeate water tube
@Hi4PK pressure DOW FILMTEC™ SW30 f |
8 AvailgbRe fn B04d, 40207afti2540 design

Fits into standard size pressure vessels with 120 bar specification

Total Treatment Cost

Dow UHPRO reducing
total treatment cost

4

()

FO: forward osmosis

FORTILIFET™
FORTILIFE™
CR100 XC70/XC80
|
40,000 80,000 115,000

Salinities in mg/l NaCl

at

EDR: Electro Dialysis Reverse
MVR: Mechanical Recompression

shee
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mmm Challenging water recovery: general schematic

Pretreatment

Vs

: - MAXIMIZE = {
Approximate

TDS range: Water for recycle

¥

0.05-1% Chwe¢L[LCO

2V ChweL[LCOun

6-8% Chwe¢L[ INCO MAXIMIZE >
SF;rjn;\leal
10-20%

Pure Brine for raise

I
MINIMIZE Waste Solids

Ll
oo B
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