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HepBarlovTIKES TEYVOLOYLIES KOl GUGTNNOTO RERPPOVOV

Environmental
technologies

Water technologies

" Membrane technologies .
~ for water applications

.,

. MBR for WWTPs ) -

Hpepida FOULMEM
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T teprioppaver Eva cvotnua roavriopactipo pe pepPpavec;

X1a ocvotnuote MBR AopBdaver yopo ocuvvepyioTiki) opaocn puog
Broroywkic owepyaciog (EvePyOg 1AMC) Kol HLOS oEpyaciog otmOnong
Yo, TNV emeCepyoocio TOV omofATOV Kou TNV TOPOYOYN OV0
e€ePYoOneEvOV PELUATOV:

1. Eneepyoopéva amopfinta pe apiotn mowotnto

2. LOUTUKVOUEV LADG

IHpotn sumopikn eeappoyn otic oekoerieg 1970-80, kvpimg o€
EQUPNOYES MIKPNS KMUOKOG:

IThola

*Evotaialovra vypd amo XYTA

*Buounyovika axofinto vywniov ¢optiov
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Ileproyn Aertovpyiog pepppavov oe cvotinuoate MBR 1/2

) Macro Micro
. ) Tonsc Range | Molecular Range| yfojecular Range| Particle Range| Macto Particle Range
Si1ze., Microns
0.001 g0 0.1 10 10 100 1000
. (nanometer)
Molecular Weight | 150|  1000| 100,000 500,000
(approx..)
Dissolved Salts Viruses Bacteria
Relative (fons)
] - Algae
Sizes - -
Organics (e.g., Color)
: Cysts Sand
. - -
Clays Silt
—
Asbestos
P i L Y - _EIIEI.S_
Eeverse
Separatinn ' SELa Conventional Filtration
Process ) (granular media)
‘i
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Ileproyn Aertovpyiog pepppavov oe cvotinuoate MBR 2/2

Hpepida FOULMEM Oeocarovikn, lovviog 2015



Tovmkn owataln £vog froavtiopactipa
ne supoamtiCopevn peuppavn

Treated &
disinfected

effluent

: Waste Sludge
(to further treatment)
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Agrtovpyla gvog BroavTiopactipo
ne sppoamtiCopevn pepppavn

Membrane

Hpepida FOULMEM Bzocalrovikn, lovviog 2015



IIieovektuota cvotyuatov MBR 1/2

» Expon dprotng morotnrog

» Mikpn éktoon meoiov

»> Agv anarteiton mpoenelepyaosio-npotofdOua kadilnon-
ogvtepofaduio kaBilnon

» Enelepyoocio amofintov pe vynio goptio-otakvpavon
QopPTIOV

> Xopuni rapayoyn wog (0,8 kg/kg BOD:)

» Evkoln pertatpomy/avapaduien (modular design)
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IIieovektpota cvotyuatov MBR 2/2

AVVaTOTNTO ETAVAYPNCLULOTOONS

» Expon amolvpoacuévn yopig yp1on ynuikov

» [MaBoyova o ehdyotes cvykevrpooels (Poxtipuo,
101)

» Expon pe ouvatotnto GUECS ETUVOYPTCLUOTOINoNG
(xopnAéc cvykevrpmoelg oc SS, BOD, COD, TP/ortho
P, NH;, NO,)

» ATOvGio OGOV

Hpepida FOULMEM Oeocarovikn, lovviog 2015



Yoykpion cvotnuatov MBR ne coppotikd cvetquorta EI 1/3

> L.

Secondary Treatment
 'Biological’ Stage
e e

e

e £ == Treated
Water

Sand Filtration Disinfection

Final Settlement
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Yvykpion cvetnudtov MBR pe cvpfoatikd cvetipata EI 2/3

Membrane
Reactor

==l Permeate

(disinfected)
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Yvykpron cvetnudtov MBR pe coppotikd cvotinate EI 3/3

$LASTONBURY

-—"‘ '.
\-~
————
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Eopappoyés cvetnuatov MBR oty Evponn
Eo@appoyéc cvotnuatov MBR

600

500 M industrial {capacity=20 m*d)

65 new refsiyear

W Municipal (capacity=100 m*d)

400

300

45 new refsiyear
200

Mumber of plants {cum. values

30 new refsiyear

1990- 1998 2000 2001 2002 2003 2004 2005 2008 2007 2008
1908
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ouOnonc — ypovikn e€EMEN
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"Epevva oyetikn pe Proavtiopactnpes pepppavov 1/2

g

H North America

O Europe
H Asia
B Other Areas
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Fundamental Aspects: fouling, operation and design parameters, sludge properties, bactena

charactenistics, cost, modeling)
Others: gas treatment, sludge treatment, pnonty pollutants. etc
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"Epgvva oyetikn pe Broavtiopactnpes pepppovaov 2/2

H 2005-2008
H 2000-2004
[01995-1999
H 1990-1994

|
g
-
]
E
g
-]
x by 0O 4
5
|
2
E
=]
=

Portugal |
Thailand [

IIITITITTT

China

South

Korea

Australia

Talwan

Belgium

Netherlands |

Spain |

*Total of 19 countrnies induding Israel, Brazil, Norway, Poland, Croatia, Switzerland, with less
than 10 publications overall
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Agrtovpyla Broavriopactipov pepppovav-npopinuota

* Awyeipron 1Avog (auodTmon)

s Metagopd oSvydvov (VYN TEPLEKTIKOTTO GE GTEPEQ, 1EMOEC)
» Evepyeloki) katavaimon

s Kodotog Aertovpyiag

“*Evepyog Com pepppavng

*Beltiotomoinon ¢ Asttovpyiag

* ATopdkpoven 0penTIKOV

o ATOpaKpUVeT un ProdmodopGLU®MY 0PYUVIK®OV

' Epopodn pepppovov

Hpepida FOULMEM Oeocarovikn, lovviog 2015



Eu(ppaén uepuppovov og Proavriopactnpes 1/2
Eﬂ(ﬂf&n
H owdkaoio 0wov To 01GPOPa GUGTUTIKGA TS

VYPNS  @aonS TPOKOAOLY  avénoen TG
avTioTaons ™S nepPpaving cvopeovae pe Tovg

TOPOKATO UYOVIGROVS \
&

(1) IIpocpopnon cTnv eXPAVELD TWY TOPWY THS HEUSPAVYS
(mapeumodion-coeToll TOV TOPWY)

(2) IDajpec Kigiotuo twv mopwy

(3) Evamoleon otny emipavelo Kot cYjuoTICHOS GTOLRA0AS

Flitration

Filtration Thin membrane ‘
skin

Filtration
Thin membrane ‘

Thin membrane J
skin

Pore\opanlng / \Pon
Pore opening opening

(1) (2) (3)




"Enepoin peuppovov o froavriopactipes 2/2

Buo@uipn (evepyoc mpookKorin o)

., R e bl i
A
I Flux
: - . | “E
Kmrapa’ (napaurovn Tave otn peuppavn- : Mé Ebbl f_| dl 'd'? %
ToONTIKN TPOSKOAAT ON) + CUDDIE-NAUCED - oM S, colloids %
, , Fluid shear A
Eokvtrapikd mroivpepn (EPS-SMP) el o O Fouling due to,
s - 47+ Planktonic bacteria --
o e W i i i i
AV ONE CUGTUTIKG ﬁﬂwﬁiﬁ & filtration deposit
(ﬁib;.xf{.! &+ biofilm growth,
- 7 ‘ I &
AvOpaxiko acfécTio : :%,{r;l-w VR £
) | . E 'I'I:k‘t,:‘\-:H ;lnu}E %
AmaTiTng 5 ?\mﬁlei | 6
Yrpovfitng | W W | Bofocsoour_ . &
. - { U Al surface @
Apetalké  KoTwbvte mov  dpovy Mg ra|m“ M
véQupec pETaED aVIOVIKAOV PlovMKAOV Kot w, '=
. - . I
TIG UPVNTIKG QOPTICUEVIG EMLPAVELOG TNG | [yl it (o
pepppavng
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Teyvikég Yo Ty avripetomion ¢ épepacng 1/2

1)

ching based biofouling control in MBR up behavior

. ™y
E— 0515
- High energy
- Short life-span Ice
stence
jation
itic production
| N B e r
y/ I TH % High flux
<"« Low energy )
» Long life-span ation
formation
i

Micro-scale Engineering system
er) {mem i [Uproot of Biofouling)

QUPYUL O ll_lTp'll(Tllgl TUPPIS

*LIPUCUI|KI| VALKWY

Buoroywkég
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Hpepida FOULMEM

Teyvikég Yo Ty avripetOmon ™S Epepacng 2/2

IIpocOnKkn morvugpv

*EC000eTEP®ON UPVITIKA POPTIGUEVOV GUGCOUATOUATOV

L ANUOATICNOS NEYUAVTEPMOV GVGOCOUITONRATOV

*ANUI0VPYLA TOPDOOVS CTPOUATOS AAGTNG

1)

mulrtivalent
4 cation *
- +

* + : f “X
TAY L

& ‘E" P 4 C‘,\ _5’ soluble
=

S (@ ¢ ~ EPS
" \—, ' + &+
+ + =

\ r\ ._'_/I
(% sludge
floc

—

2)

charge neutralisation

% 5 +
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IIA0TIKY] £YKOTAGTOGY ETECEPYUGLUS VYPOV OTOPANTOV UE
Proavtiopactipa pepuppaveov 1/3

Agtypo amd €16000 PLC Agtypna amd ££000
""""""""""""" B —
ml
g
PP3 |
g |
PP1 i - - 524
AT : Sewerage
PP4




IIA0TIKY] £YKOTAGTOGY ETECEPYUGLUS VYPOV OTOPANTOV UE
Broavtiopactipo pepuppaveov 2/3
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IIA0TIKY] £YKOTAGTOGY ETECEPYUGLUS VYPOV OTOPANTOV UE
Proavtiopactipa pepuppaveov 3/3

* XupoKTNPLETIKA CUGTUATOG
sKataypapn owapsuppovikig nieone, AO, T, mapoyn
"Avvouikotnta 50 L/d
* XopoKTNPLeTIKA pepfpdvng
»Kubota submerged flat sheet (PE)
=Pore size 0,4 pm
"Em@aveia 0,11 m?
*Flux 20 L/m?/h
» [IpocOkn kpokidmTikov (PACSI) 6c 066215 2, 5, 10 mg/L
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IHopapeTpol TOLOTNTAS OELYRATOV OTOPANTOV

ATO0 €16000 — ££000 GLGTNNOTOC:

A0 (IKTO vYPO deCapnevig aEPLGNOV:

COD
BOD.
NH,-N
Total N
PO,-P

TSS

VSS

g KaOnuepwvn paon

Hpepida FOULMEM
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HapapeTpor yio v alrorAoynon g Aettovpylog tns povasos MBR

Awopgpppaviki wicon (TMP)

A0 (KTO vYPO deCapevic aEPLoNOV:
Agiktng omOnowoétntag thvog (SFI)
Métpnon Tov Khooudtov Tov EPS
(soluble EPS, Loosely Bound EPS, Tightly Bound EPS) o¢ mpog;:
— Xvuykévrpoon [poteivov

— Xuykévipoon YooTavlpakmv

Yg KaOnuepwvn paon
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I1p06o10pLopnog Kpioung pons

5000 | ----m-mmmmmsoeeees e osoroosooesooesooooooon e o TTREEERREEE - 40
' ' ' ' ' ——TMP,Pa15-09-14

: ; : ! : ——TMP, Pa_09-10-14

= (1] R SEAREEREE R e L o v T
: ' : i = Flux, L/m2/h calc from rpm

- 35

3000 - : : A e ETEENIRENRIVE NTEIRERENTR SRR
| | - | - - - 30

2000 - | ; | S SUOSUOUIRVIN. SSIUTNSI SUS——
- 25

1000 - ! ! ! SO | SO
: . : : : : :

- 20

- 15
1000 -

- 10
2000 -

3000 -

2000 : ] ; 1 : : 0
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| 4

r

L4

KNG TiEoNS NE TOV YPOVO KU IUE TNV

Metafoin g owopeuppovi

TPOGONKN KPOKIOMTIKOV

40,00

20,00 ¢

¢ 0mg/L
M2 mg/L
AS5Smg/L

Jequi ‘diAIL

%10 mg/L

-60,00 §

1000,00 1500,00 2000,00 2500,00 3000,00 3500,00

500,00

0,00

-80,00

time, min




XAMNUOTIONOS EMPUVELOKNS 6TOLPAOOS TN nepPpavn
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Kot 7o amwotédeopua; TMP jump

TMP (kPa)

0 100 200 300 4000 500
Time (hrs)

Stage O-eykApatiopdg (Mins-hrs)
Stage 1 Apyn ‘avactpéyiun’ Epepaln (weeks)
Stage 2 TMP jump (hrs-days)
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coD, mg/L

400
350
300
250
200
150
100

50

COD

100
. - 98
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— e = _#_J/‘ -4 ;E-.»
3
- 92 2 —e—CODinflow
o0 §
2mg/L coagulant 2  —@-COD outflow
- L BB [ ]
5 —&—FReduction Rate
- 86 E
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= -— - = —n
I I I I I B‘D
1 2 3 4q 5 7]
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600 100
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200 / ——— T
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=11}
E 300 T——, 0
=) -
8 200 58
5mg/L coagulant 10mg/L coagulant [~ 86
100 ‘ - 84
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|
0 T T T T I a0
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Reduction Rate, %

== COD inflow
== COD outflow
=—d— Reduction Rate
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