I Sula as the partner of the
Cembranésroup

A Silicon CarbideS{G membrane
A Water & wastewater treatment
A 65 countries case studies

A >500 commercial installations




Technology &ow it iIs made

SILICON CARBIDE (SIiC) POWDER SUBSTRATE MEMBRANE LAYER SIC ceramic plate
Mixed into paste & extruded Extrusion fired @ >2200 °C to bond Applied to substrate SiC flat sheet membrane
SiC grains

BIA
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I Why SiliconCarbide(S1Q

High flux rate
Loworganicabsorption
Chemicallynert

BIA
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Ceramianembraneoverview

Bilal et al.
Lowest Highest
permeability permeability
Al,O, TG, ZrQ, SiC
Hydrophilicity + ++ ++++ +++++
Permeability ++ ++ +++ +++++
Foulingpotential +++++ ++++ ++ +
Chemicalesistance +++ +++ ++++ +++++
+++++ Highest
* Lowest Mechanicaktrenght +H++ FH++ FH+++ +H+++
Bilal. Et alCeramic membrane technology for water and wastewater treatment: A critical review of performansealeill Sll \
applications, membrane fouling and prospe&semical engineering Journal. 2021. £
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Lowfouling
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“Test made in surface water”
Source: Comparison of ceramic and polymeric membrone permeability and

fouling using surface water. 201. Hofs et al. Sll \
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Ceramianembranehydrophilicitychart

Measure ohydrophilicityby evaluatingwater contactangle
Hydrophilicity= high flux &essfouling

Very hydrophilic Less hydrophilic

SIC
ALUMINA OXIDE

PES UF

CELLULOSE UF

PCTE MF

POLYARAMIDE UF

PVDF UF

40 60 80 100

Water droplet contact angel ’
Source: 1. Silicon Carbide - an attractive membrane material. 2014. A. Julbe et al. 2. Evaluation of Membrane Characterization Methods. 2012. Webreport 4102.

BILA
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Filtrationspectrum

RAW WATER

Vv l
1000 pm t

Removal of: " l%
A Quspended solids (TSS) 99% S T Sam.f..te, I
A Bacteria >99,99% ”ﬁ]s“?“"“’lm
A As, Fe & Mn 99% b | W I
A Virus 90% s
In combination with absorption techniques s E-':t --"--'- o
A PFAS/PFOS omum -_a-.--if_ -
A Radium T-;; mnoI

A Dissolved organic matter

Y ¥
* PURIFIED WATER +
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New paradigm in Water treatment
Silicon Carbide membrane
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Reference overview ™ — J\g

More than 500 installations

Over 600 MLD treatment capacity

‘<I".
i

E
5

In 65 countries

50% Drinking water

35% Industrial water
A 15% Municipal Wastewater

A Fastest growing MF/UF membrane

technology




Certificate NSF International

789 N. Dixboro Road, Ann Arbor, MI 48105 USA

RECOGNIZES

Cembrane A/S

Denmark

AS COMPLYING WITH NSF/ANSI/CAN 61, NSF/ANSI 419 AND ALL APPLICABLE
REQUIREMENTS.

PRODUCTS APPEARING IN THE NSF OFFICIAL LISTING ARE
AUTHORIZED TO BEAR THE NSF MARK.

ACCREDITED

ANSI National Accreditation Board < S; >

PRODUCT CERTIFICATION SCC Acoredted
BODY -8 w

This certificate is the property of NSF International and must be returned upon request. This certificate remains valid as long as this client has products in
NSF’s Official Listings for the referenced standards. For the most current and complete Listing information, please access NSF’s website (www.nsf.org).

. Bl

April 11, 2024 David Purkiss
Certificate# C0243587 - 03 VP Water
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Technologypenefits

Sand filtration

Polymerianembrane

Cembrane&SiOmembrane

T> T T> T T I

Large poresize
Poorfiltered water quality
Highwater losses

Take up dot of space
Extensivehemicaluse
Longlifetime

A Small poresize
A Limitedlifetime
A Cannothandlechallengingwaters
A Requireextensivepre-treatment

Robust like a sand filter

Small poresize

Longlifetime

Lowwater loss

Requiredittle to no pre-treatment

To o To I I

INNOVATION AND

CREATIVITY



Applications

m PreRO

® Drinking water

m Upgrade of conventiongandfilterplants

m Sandfilterbackwash water recovery

® Tertiary treatment of wastewater

INNOVATION AND CREATIVITY



Currentparadigmin water treatment

Parameter Unit Cembrane Sandfilter PolymericUF
Footprint % 25 100 35
Totalsuspendedsolids mg/I 20.000 20 50
Bacteria removal % >99,99 20-50 >99,99
Specifieenergydemand ' kwh/m? 0,02 0,07-0,18 0,05

Alum coagulant mg/I 1-5 20-40 1-5
Reject water % 0,55 5-15 2-10

INNOVATION AND CREATIVITY



Typical flow sheet

Why is footprint so massive?

X Coagulation Flocculation Sediment &




Current paradigm in UF water treatment

Polymeric MF/UF membrane

Observeds yearpermeabilitylossof polymer MF/UF
membraneplants

A Sensitive & limited lifetime ~
A 2-5x energy consumption e s
A Requires Bx more chemicals for cleaning A
A Extended préreatment requirements: (DAF, Clarifier, il i
Multimedia filter or fine filtration) Fiberbreakage
1 000 42 100 broken fibers/MGD
A Takes up extra space 5 f__i
800
A Declining performance over time En
=@ 600 - -
_ £3 ~Plant C - PVDF
A Not sustainable! 5% 400 - T panta-CTA |
_ Z S o | ! /' |+Pante-Pes |
A However, 10xthousands of references with long track £ [ : p
record 5 0 - p——_____

a 1 2 3 4 o B T a
Years of operation

SourceBrehantS i | f @ HnM8®d2|!¢ L& ¢l 9 w9![-PREB$JREMEMBIEA¢NEIHLQNTh2 b9
Chw 5wLbYLbD 21 ¢9w twh5}/¢LhbK ¢I 9 / t!twL{h hC ¢l w99

A
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Case studies

INNOVATION AND CREATIVITY



Drinking water treatment

Ground water

Location Sweden

Application Drinking water

Year 2016

Water source Sweet Ground water Autopsy test after 4 years

revealed zero degradation to
Capacity 5.18 MLD Membrane hardness
Membrane strength
Flux rate 575 LMH Integrity
Pore size

Recovery rate 99%
Parameter Unit Feed Permeate
Temperature °C 2-9
Turbidity NTU 3,3 <0,1
Iron mg/I 0,48 <0,02 Oxidation w.
Manganese mg/l 0,2 <0,02 Ground | KMnG

| _ water 5 min HRT mixing
Specifieenergy 3
demand kwh/m 0,02 “1\

NNOVATION AND CREATIVITY
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Sandfilerrehabiitaio

——
s -

SiCBlo¥X

GravitySandfilter

Parameter GrawiiySandfilter §SIEBlo¥FXBpgrade

Capacity 1 3-5x
Waste volume 5-30% 1-3%
Filtrate turbidity 0.51 NTU <0.1 NTU




Varying turbidityc No problem

Direct treatment of Sand filter intake water

25 0.5
0.45
20 0.4
=) ° ¢ ¢ 035 5
2 E 15 H 03 E Q
L E 025 Z &
2 10 02 3L
= 0.15 2
5 0.1
g 0.05
0 0
4-Jan-23 14-Jan-23 24-J1an-23 3-Feb-23 13-Feb-23 23-Feb-23 5-Mar-23

® Feed Turbidity (NTU) @ Permeate Turbidity (NTU)

BILA
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Brackish seawater Pi#RO case study

1/2

Location Middle East

Application Drinking water

Year 2017

Water source Sea Water beach well

Capacity 14 MLD

Flux rate 250-350 LMH

Recovery rate 95%

Challenges High algae & bacteria T | sic installed in old
Parameter Unit Feed Permeate Lamella tank
TDS mg/I 2000

Turbidity NTU 36 0,2

TSS mg/I <115 <1 '

Iron mg/l <0,02 W “ o T v

Silt Density Index - <2,0 e

ggﬁgﬂf”ergy kwh/m® 0,043




Continued

2/2

Old design

Aeration Tank Baffle Wall Retention Tank Lamella separator ST Sand filters
H2S removal TOC & NTU coagulation
Well
N d M ToRO &
EW eS |g n Blending
4
Aeration Tank Baffle Wall Retention Tank
H2S removal TOC & NTU coagulation Backwash
Well Water Removal of Fe oxides, TOC,

Discharge NTU, TSS, germs & bacteria

ToRO &
Blending

Feed on SDI paper

Filtrate w. 0.5 SDI

bIA

INNOVATION
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Drinking water, PrdrO

Location Kingdom of Saudi Arabia Deep well
Application Drinking water l
Year 2021
Water source Brackish Ground water Oxidation
Capacity 143 MLD l
Flux rate 600-650 LMH
HMO dosage
Recovery rate 99%
Parameter Unit Feed Permeate
Temperature °C 24-35
Turbidity NTU <0,2
Iron mg/I 0,25 <0,02
Manganese mg/| 0,25 <0,02 Reverse Osmosis
Silt Density Index - <1,0
Specifieenergy 3
demand kwh/m 0,02 “ [\

CREATIVITY



Drinking water, surface water

Location Middle East
Application Drinking water
Year 2018
Water source Surface/river water
Capacity 24 MLD
Net flux rate <459 LMH
Recovery rate 96%
Parameter Unit Feed Permeate
Temperature °C 10-25
Turbidity NTU 20 <0,2
COD mg/I 0,25 <5 pH
BOD mg/| 0,25 <2 Dam water——>  Coagulation — Distribution
TOC . <2,0 Cl
TSS mg/I 120 <1
TDS mg/I 270 270
Specific energy | kwh/m? 0,02 S“ [\

D CREATIVITY



Drinking water, surface water

Sand filter expansion

Location Greece

Application Drinking water

Year 2022

Water source Surface/Dam water

Capacity 21,6 MLD

Net flux rate <300 LMH

Recovery rate 96%

Parameter Unit Feed Permeate
Temperature °C 10-35
Turbidity NTU - 0,1 Clarification
Iron mall 0.1 <0.02 Dam water —  Alum sulfate — l — Distribution
TSS mg/l 3550 <1 coagulation
Total hardness | °DH mg/L  0,587,1 0,587,1

Specific energy | kwh/m?3 0,025
v

D CREATIVITY



Drinking water from surface water

River water, under construction

Location MENA

Application Drinking water

Year 2022

Water source River water

Capacity 15 MLD

Net flux rate 315 LMH

Recovery rate 96%
Parameter Unit Feed Permeate
Temperature °C 24-30
Turbidity NTU 20 <0,2
TSS mg/I 20 <1
TDS mg/| 270 270
Specific energy | kwh/m? 0,015

INNOVATION AND CREATIVITY



Sand filter backwash water

Location Denmark

Sand filter backwash
Application recovery for direct potable

use
Year 2023
Water source Backwash collection tank
Flux rate 150-300 LMH
Recovery rate >99%

: : : G d T
Parameter Unit Inletto SiIC SiC Permeate V\;g:]er; — Sand filtration
Temperature 9 2-9 |
o Backwash waste

Turbidity NTU 499 0,02-0,1
Iron mg/l 150 0,01 -
Manganese mg/I 12 <0,02 Distribution
Specifieenergy kwh/m? 0.03

demand
-



PFAS removal

Removal of PFAS from ground water v8ik& PAC
absorption media

Location Denmark

L PFAS removal witBiC& absorption in one
Application

step
Year 2022
Water source Ground water |
Flux rate 150-300 LMH - ——
Recovery rate 99%
Energy 0,035 kwh/n?

Powdered Activated

Carbon consumption <10 mg/l (If PFAS < 100 ppt)

Site 1 Site 2 Site 3

Hedehusene Greve Privat Tune
Compund Feed water [ppt] Filtrate [ppt] |Feed water [ppt] Filtrate [ppt] |Feed water [ppt] Filtrate [ppt]
PFBS 2,4 N.D 2,5 ND A fine layer of Ultra fine Powdered
PFBA 31 N.D 2,8 ND ) ) )
PFHpA 16 N.D Activated Carbon is deposited on the
PFHxS 0,12 ND 4 ND .
PEHXA 49 N.D 5.1 ND membrane surface, forcing all water
iig’g 15 N.D through this absorption layer
PFOA 2,1 N.D
PFPeA 31 N.D

SUM 20 N.D 0,12 ND 14 ND
A

NOVATION AND CREATIVITY



Drinking water I
High Iron loaded ground water o) ; o TR
s o N ] f iy i 31 7
Location Kazachstan * ]T%%% i
li (o
S Al L)
Application Drinking water 1 § o - 5
L =
Year 2018 i RE T
Water source Ground water I }j 79
0,000 T TS /Euunin 3pai -
Capacity 5.18 MLD 01| o)
Flux rate 575 LMH e —
Recovery rate 99%
Parameter Unit Feed Permeate
Temperature °C 2-9
Turbidity NTU 9,5 <0,1
Iron mg/I 12 <0,1
Manganese mg/I 2,18 0,05
pH - 6,8 7,85
Specific energy Kwh/m® 0,02

AND CREATIVITY



MBR¢ Malt processing PFRRO

Replacement of Hollow Fiber membranes

Location Australia

Application MBR Prdreatment to RO
Year 2023

Water source Wastewater from Malt plant
Capacity 0,751,121 MLD

Flux rate 43-62 LMH

Trains 2

Parameter Unit Feed Permeate
Temperature °C 1525

MLSS mg/l | 7.50012.000 1
COD mg/I 2.676
TN mg/l 48

Turbidity NTU - 0,2




Municipal MBR

Containerized

Location Greece

Application MBR packaged plartdischarge
Year 2022

Water source Sewage

Capacity 0,48 MLD

Flux rate 30-60 LMH

Trains 3

Parameter Unit Feed Permeate
Temperature °C 10-25

MLSS mg/l | 6.00612.000 1

COD mg/I 189 62

BOD mg/I 125 <5
Turbidity NTU - 0,2

TN mg/| 39 29 S“ \



Edible oil treatment plant

MBR PreRO¢ Replacement of Flat plate polymeric UF

Location UAE

Application MBR Prdreatment to RO

Year 2017

Water source Wastewater from Oil plant

Capacity 0,25 MLD

Flux rate 83 LMH

Trains 1

Parameter Unit Feed Permeate
Temperature °C 25-35

MLSS mg/l | 7.00011.000 <5
COD mg/| 4.000 22 >
BOD mg /l 1700 <5 ST EERCTAR SR T mrm-‘tl'ru\vc'S\.-.urBuu,n.m:'.::‘::-llmz R"mmr:‘rw-_r:'::?;:::nm 1SS
TDS mg/I 1.500

Oil & Grease mg/l 80-400 <5

| . BIA




Scrubber water treatment at Coal fired Power plant

Germany, replacing tubular ceramic membranes

Parameter Unit Feed Permeate

Turbidity NTU <0,1

Total suspended solids (TS  mgl/l 50 0,3

H N 5,6 0,5 :

J HO Cross flow ceramic performance
Particle size sy 0,6-25 - Energy: 3 kwh/rﬁ(GOx)
Specifieenergydemand kwh/m? 0,05 Chemical: 120x higher
Chemical consumption (H(Ltr/m%week 0,85

Clean Gas

Lime dosage =2 TMT15

Calcium Sulphate Heavy metal coagulation Feed & Permeate
precipitation Sll \
<



Industrial Wastewater

Applications in MBR & Tertiary treatment
A Food & Beverage

A Scrubber wastewater

A Pharma wastewater

A Metal & Mining

A Oil & Gas

A Electronics & Lithium recovery

A Ultra Pure Water production

Why useSiGn Industrial Wastewater

A Most compact & durable solution

A Fewer unit processes

A High Oil tolerance <400 mg/l
A High solids tolerance <30.000 mg/I
A High temperature tolerance 60°C

A High chemical tolerance  pH %13



Pilot

bIA
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Purification of drinking water

Location ISU Kocaali, Turkey
Application Drinking water
Year 2023

Water source Lake water
Turbidity inlet 14.3 NTU

Turbidity inlet 0.5NTU

Manganese before tes 1113 mg/I

Manganese after test

196 mgl/l

BIA

INNOVATION AND

CREATIVITY



B NN

Municipal wastewater treatment

!

Location ISU,Gebze Turkey

Application Municipal wastewater

Year 2023

Water source Municipal sewage treatment
plant

Turbidity inlet 7.40 NTU

Turbidity outlet 0.41 NTU

teane
-Lk\‘

D CREATIVITY



Industrial sewage treatment

Location Sewer CORLU 1 O®Bycling
project

Application Industrial sewage treatment

Year 2024

Water source industrial water

Turbidity inlet 32.3 NTU

Turbidity outlet 0.63 NTU

TSS inlet 70 mg/l

TSS outlet 10 mg/l

) CREATIVITY
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