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A World Leader in Innovation — 100+ Years

1903 — Kruger Systems starts up in Denmark
1989 — I. Kruger Inc. opens in Chicago

1991 — Krluger acquires Air Products WW
patents, moves to Cary, NC

1996 — Vivendi/OTV acquires Kruger

2002 — Vivendi changes name to Veolia
2005 — Veolia $38B in 2006

2007 — Acquired Anox/Kaldness

2009 — Veolia Acquired ZDD, inc technology

KRUGER



L eaders in Innovation

100+ years experience e Al g LIRS

19 years in US

> 120 employees

500+ installations in the U.S.

Integrated >20 solutions in US municipal market

KRUGER



e Clarification

e ACTIFLO®/ Turbo
e MULTIFLO®

» Biological
e Oxidation Ditch
* BIOSTYR® BAF
e AnoxKaldnes™
* Oases
* NEOSEP MBR

 Filtration

* Hydrotech Discfilter
« KCM
* Norit X-Flow Membrane

* Biosolids
e BioCon®
e Solia™
e BioPasteur

Kruger: Aavanced lechnologies

Kruger’s Solutions For Your Plant’s

Wastewater Treatment Needs

*ACTIFLO® Classic |
MULTIFLO®

Tertiary
Filtration

Biological

R
e

Hydrotech Discfilter

NGK Ceramic
Membranes

“Norit Ultrafiltration

AnoxKaldnes HYBAS™

BIOSTYR® Blological
Aerated Filter

*NEQSEP® MBR
Oxidation Ditch

C50/550 *< 5800/ 5 TS5 INH N/ ITNO3TP/0.1NTU

¥ ko to 0% T5S and BOD Bernowval
ACTIELO® Classic —

*Bio-ACTIFLO ol

Hydrotech Discfilter

Biosolids

* (lass A Biosolids g

“BioCon® Dryer $0% Dy Solids
SOLIA™ Solar Dryer

e Instrumentation & Controls KRUGER


Presenter
Presentation Notes
VIVENDI WATER (cf slide :)

Gestion déléguée pour le compte de collectivités locales et d'industriels

Systèmes d'équipement et traitement de l'eau

Eau en bouteille et produits ménagers de filtration



Dalkia : 

Gestion thermique

Services industriels

Facilities management



Connex :

Transport de passagers

Bus, trains et divers



Onyx :

Collecte de déchets et services (nettoyage)

Traitement et élimination des déchets solides, liquides et spéciaux



FCC / Proactiva

Métiers de l'environnement en Espagne (FCC)

Joint-venture Vivendi / FCC en Amérique Latine (Proactiva)






Membrane Benefits

» Absolute barrier for removal of suspended solids

» Smaller footprint compared to conventional granular
media filters

» Consistent filtered water quality < 0.1 ntu

» Fully automated system & remote access

» BAT to meet LT2 SWTR

» Certified for use in potable water, wastewater, reuse,
and advanced purification

» Removal of micro-organisms:
®* Dacterial
® viruses

KRUGER



Membrane Rejection
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Process Parameters

Yield per square foot of membrane
Flux [EeESEReIdels surface area

TMP: Trans membrane Pressure

psi Feed Pressure (P;) — Permeate

Pressure (P,)
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TMP (psi)

Daily TMP graph
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Process Parameters

: _ Flux divided by TMP;
Perm eab”ty gfa/psi ability of membrane to

allow the passage of a
substance

* Represents the amount of water that can be pushed per psi
of pressure

» Used for comparison between membrane materials

KRUGER
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Ceramic Microfiltration
System Overview
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Ceramic Membrane Experience

As of March 2009,
there are currently 70 ceramic membrane systems installed world-wide

with an additional 12 under construction,
including 45 mggin final design.



Ceramic Membrane - Element

Nominal Pore Size: 0.1 uym (MF)

Dimension : 7’ (180 mm) D X 59" (1500 mm) L
Membrane Surface Area: 269 ft? (25 m?)
Channel Size: 0.1” (25 mm) d

Number of Channels: 2000/Element

Material: Ceramic

KRUGER



Ceramic Membrane — Module
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Ceramic Membrane — Element
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Pore size distribution [%6]

Ceramic Membrane - Element
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Ceramic Membrane System

4 B
(Ra 4 Mix \ | Membranefiltration
D Dead-end filtration
Automatic dosing Air compr essor
Flocculation (To enhance Chlorine
removal rateof SS, color, etc.) — | {
>
Coagulant T -~~~ —~~—=——~— I |
I : -—
Raw water y g Backwash tank Treated water
r eservoir
— Feed pump
. Membrane module CEB Chemical )
Coagulation/Flocculation
\ Basin y

Backwash wastewater
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Modes of Operation - Filtration

Filtration process

Raw water 1s fed into the channels of
ceramic membrane by feed pump.
Whole water is recovered asfiltrate.

(Dead-end filtration)

Backwashing process (exfoliation)
Backwashing process (discharge)

ok

Filtrate

444414

VVVVVY

YRYY
Raw water

Dead-end filtration
(Duration 1-2 hr)

KRUGER



Modes of Operation — Backwash (Exfoliation)

Filtration process

Backwashing process (exfoliation) c P <
T » < §

Cake layer, formed on the membrane, is = S

- ’ 2 & <

exfoliated from the surface by high = | @-
pressure backwashing. g . dI ¢ 3
_ gl i

Backwashing process (discharge) . Ui < ®

A A A
Wastewater

Applied pressure: max. 72.5ps
(Duration 20 sec)

KRUGER



Modes of Operation - Backwashing (Air Scour)

Compressed air

PR TN

&7\)@

Backwashing process (exfoliation) S=o=Sea

) vy

g 8

Backwashing process (discharge) 2 %
Cake, exfoliated from the surface of g a3
membrane, is discharged completely by —é S
air blow. s )

T~
Wastewater

Applied pressure : max. 29psi
(Duration 3 sec)

KRUGER



Backwashing Example

I Filtration Pregess
2 hours q'[ﬂ”.

Pressurized
Water Flush:

6 seconds

Pressurized Air
Flush:

7 seconds




Modes of Operation — Chemical Cleaning

Chemically Enhanced Backwash (CEB)
= Sulfuric Acid to pH 2 (~ 500 mg/L)
" Sodium Hypochlorite (50-100 mg/L Free CI)

Clean In Place (CIP)

" Sodium Hypochlorite (Dosage 3,000 mg/L Free Cl)
= Citric Acid (1.0%)

No heating of chemicals
required

However, if needed, CAN
HEAT chemicals

KRUGER



Skid Layout
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KRUGER

Ceramic Microfiltration
The Engineering Marvel
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Presenter
Presentation Notes
What has ceramic membrane technology done better?  They’ve optimized the 2 most important things about membrane filtration.


®)
Optimize Operation of Membrane

Keeping the membrane clean
= Ability to build a significant filter cake

= Ability to withstand more effective hydraulic
backwashes

Make a stronger
element; make a
ceramic element

Extend Cleaning Frequencies
« Extend filtration cycle
» Extend CEB cleaning frequency

» Extend CIP cleaning frequency

Increases overall filtrate recovery

KRUGER


Presenter
Presentation Notes
What is critical to membrane performance?  Cleaning the membrane when you have to.  How do you optimize this?  You need an element that has the ability to build a significant filter cake.  You need an element to withstand more effective backwashes so when you do clean the membrane you are ensured of the best recovery you can get.  


®)
Optimize Maintenance of Membrane

What Is largest maintenance issue of
membranes?

" Membrane failure
" Membrane identification and pinning

Make a stronger
- element; make a
ceramic element

Guarantee reduction of fiber breakages
o 20 year warranty
e 10 year 100% warranty «
 NO PINNING involved; eliminates
identification time

Superior product reliability

KRUGER


Presenter
Presentation Notes
My intent to show you on these slides is what the ceramic membrane has done to produce a more reliable system but it should not be confused with equating it to a polymeric membrane system if they had a stronger element.  You can’t just change the tires on your old truck to the ones on a hummer and call it a hummer.  


KRUGER

Ceramic Microfiltration
Water Treatment
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U pland y CA (January 2006 to February 2006)

Conditions

3 Flux - 100 gfd

: Backwash Interval - 120 min

- Coagulant / Dose - PACI / 40 mg/L

i Inline Coagulation

I CEB Interval = Every 6 days — 30 min soak with Sulfuric Acid at a pH of 2

Parameter Unit Raw Water Filtrate
Turbidity NTU 4 (5-3) <0.1 (<0.1)
TOC mg/L 2.4 (2.4) 1.22 (1.22)
pH - 7.4 (7.4)
Alkalinity mg/L as CaCO, 75
Temp °C 10.2 (11.5-10.2)

Average (max—min)  Average (max—min)

KRUGER



Upland, CA

TMP(actual)
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Siler City, NC

= Study conducted by Kruger and NGK

= First type of study to be conducted in the US treating
Surface Waters with High Organic Content

= Optimization of Operating Parameters

Mixing tank

Raw water (left)  Filtrate (right)

KRUGER



Siler City, NC
February 2007 to Present

Condition 1
> Flux - 100 gfd
> Backwash Interval = 60 min

> Coagulant / Dose - PACI/ 100 mg/L
> CEB Interval = 2 days - 30 min soak with Sulfuric Acid (H,SO,) at a pH of 2

Condition 2

> Flux > 75 gfd

> Backwash Interval 2 120 min

> Coagulant / Dose - PACI/ 100 mg/L

> CEB Interval = 4+ days - 30 min soak with Sulfuric Acid (H,SO,) at a pH of 2

Parameter Unit /5 gfd 100gfd
Raw Water Filtrate Raw Water Filtrate
Turbidity NTU 20 <0.1 41 <0.1
TOC mg/L N/A N/A 10.1 4.2
Color PCU 360 <3 280 <3
Manganese mg/L 0.647 0.006 0.743 0.027
pH -- 6.9 6.9
Alkalinity mg/L (CaCo3) 23 24
Temp oC 13 11

KRUGER



Siler City, NC
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Stable Operation

300 ‘ 1200

250 |

|
[
o

.
)
m =
N~ ~—

T 200 I~
~ ] >
I~ = =
T 9 ©
- — o]
o 0 >0 = -
< Q =
- [ ______ > . ® -
2 100 = S
S @
= =
=
T
o

Sep. 11
/ ﬁ TMP increased during filtration period; however

A
3 psi

TMP was recovered by backwashing only.

KRUGER



KRUGER

Ceramic Microfiltration
Filter Backwash Treatment
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Filter Backwash Study (June — December 2007)

FBW + FBW +
FBW FBW w/ coag Thickener Thickener
solids solids + CL
Variable Run 6 Run 7 Run 13 Run 14
Flux (gfd) 100 100 50 50
Turbidity (NTU) 86.4/0.1 718/0.1
TOC/DOC (mg/L) 9.35/1.5 95/1.95
True Color (PCU) 1.5/0.4 2.3/1.4
Fe (mg/L) 1.32/0.01 18.6/0.01
Mn (mg/L) 0.233/0.005 1.6/0.005
Al (mg/L) 5.6/0.06 68/0.03
Filtration Interval (hrs) 2-3 05-1
CEB Interval (day) -- -- -- --
CIP Interval (month) 4 4 2 3
Run 6: Filter Backwash (sand filter)
Run 7: Filter Backwash (sand filter) with 1 mg/L coagulant (as PACL)
Run 13: FBW + Solids Return from Thickener
Run 14: FBW + Solids Return from Thickener with 2 — 5 mg/L of Hypochlorite (as Cl,)

KRUGER



Filter Backwash Study (June — December 2007)

Wastewater
Turbidity (mg/L)-

at25°C

Transmembrane Pressure
(psi)

Operation: 100 gfd; 120 min to 180 min filtration cycles

100

L
L =

=

145
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8.7

5.8
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FBW + 1 mg/L PACL
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Run 6 | W M
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Filter Backwash Study (June — December 2007)

FBW + FBW +
Thickener Thickener
solids solids + CL

Transmembrane Pressure

22.8 1200
Chemical £
S sl
'y 145 — 800 E
; =~
— o
2 4 n =
-
=
l =

0 (
1/1

/BH{} 8,30 9/19 10/9 10/29  11/18

Turbidity, ntu
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Ceramic Microfiltration
Benefits
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Ceramic versus Polymeric

Variable Ceramic Polymeric
Flux (gfd) 100 - 220 30 -85
Turbidity (NTU) < 1,500 <100
TSS (mg/L) < 3,000 < 200
TOC/DOC (mg/L) <100 <30
Coagulant (mg/L) < 200 < 30 (need sedimentation)
Recovery (%) > 08 96
Filtration Interval (hrs) 1-2 0.25 - 0.67
CEB Interval (day) 2-4 1
CIP Interval (month) 6 1

KRUGER



Ceramic Membrane Benefits

» Reliability with 11 years of installed
experience, with no breakages (>17,000
elements)

* No pinning required
» Twenty-year warranty
» Consistent operation on “flashy” water
» Backwash Interval 1-2hrs, CEB 1/day, CIP
4/yr
®* Recovery >98%
» Low TMP (5-15psi) at high flux (175gfd)
» Operational Flexibility
® PAC or Ozone directly onto membrane
® Membranes can be stored dry

KRUGER
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For questions please contact:

Rowena Patawaran PE
Regional Membrane Product Manager

303-513-1378
rowena.patawaran@veoliawater.com
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Solutions & Technelogies
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