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» Retrospection of the Photocatalytic Nanofiltration
Technology.

» Aspects of the design and deployment phase.

» The benefits of the technology for the abatement of
organic micropollutants in water.

» Results form the operation phase at the TRLG.
» Technoeconomic analysis
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2010: Clean Water project (FP7). Concept - Can we mtegrate
the two processes synergistically? TR

Photocatalysis Pressure driven membrane
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Requirements

Photocatalytic membrane

Module (reactor) — tangential flow filtration and simultaneous
irradiation of membrane’s surfaces
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Nanofiltration layer: 1.2-1.8 ym

nanoparticles

Sol gel-dip coating, wash
coating and CVD
approaches

| DEMOKRITOS SE GB-L  SEI 25KV X40,000 WD 8.0mm 1005 W

( )LIFEPureAgroHZO Phoenix DEMOKRITOS SE GB-L SEI  25kv  X3500 WD80mm
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Module (reactor)

Membrane with deposited TiO, nanoparticles Membrane with nanocrystalline TiO, films
developed via CVD developed layer by layer via CVD
Retentate , Asymmetric ARetentate
porous support
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Rapid progress 1 EP Patent

(19) PR
_"))) =4 AR OTATEN

o oy EP 2409954 A1 +20 DUblicatiOnS in high

(12) EUROPEAN PATENT APPLICATION
[ ] [ J
(43) Date of publication: (51) IntCl:
25.01.2012 Bulletin 2012/04 CO2F 1/301200621) COZF 1/44 (2006.01)
BO1J 1912200501 BO1J 35/00120%01)
(21) Application number: 10275076.7 BO1J 21/18 .01 B01D 69/04 12205.01)
BO7D 53/002%0521) CO2F 1/72 100601

(22) Date of filng: 20.07.2010 CozF 1321000 Co2F gigg =eeeen

(84) Designated Contracting States: (72) Inventors: . -
AL AT BEBG CH CY CZ DE DK EE ES FIFR GB + Falaras, Polycarpos
GRHRHUIEISIT LILT LU LV MC MK MT NL NO 15351, Pallini Attikis (GR)

PL PT RO SE SI SK SM TR + Romanos, Georgios
Designated Extension States 15562, Cholargos Attikis (GR)
BA ME RS » Aloupogiannis, Panagiotis
14341, Nea Philadephia Attikis (GR) I t t' I P H
(71) Applicarts: nternational rrize
+ National Center for Scientific Research (74) Representative: Holmes, Derek Malcolm

Demokritos Keltie LLP
15310 Athens (GR) Fleet Place House
* Innovative Research & Technology Limited 2 Fleet Place
London London EC4M 7ET (GB)

Hee US, Spanish and Greek scientists win Prince
Sultan water award

(54) Photocatalytic purification device

(57) A photocatalytic reactor (10) for the treatment
of contaminated fluids, such as water, Is described. The
reactor comprises a first flow channel {18) for receiving
fluid from an inlet means, a second flow channel (22) for
delivering fluid to an outlet means, a selectively-perme- \
able filtration membrane (16) intermediate the first and

second flow channels (18, 22), having afirst surface (26)

that receives fluid from the first flow channel (18) and an

opposite second surface (24) defining, at least in part,

the second fluid flow channel (22), and at least one pho-

tocatalyst support (28) disposed in the first flow channel

(1B). The firstand second surfaces (24, 26) of the filtration

membrane (16) and the photocatalyst support (28) each

comprise ani il pheto p

The Prince Sultan bin Abdulaziz International Prizes for Wat'é'll:?or 2014

* The creativity prize (groups from Princenton and Colorado Universities)

* The surface water prize (group from Arizona State University)

* The alternative water resources prize (group from NCSR “Demokritos”)
* The ground water prize (Institute for Environmental Assessment

and Water Research, Spain.

* The water management and protection prize (University of California in Los Angeles)
(‘ LIFE PureAgroH20

Phoenix
000

October 215t 2024 Palacio de Exposiciones y Congresos Cabo de Gata-Ciudad de Almeria



S BENAKI
¥7 ™ PHYTOPATHOLOGICAL
; INSTITUTE

UNIVERSIDAD DE ALMERIA o o P o

With the LIFE project we had the opportunity to validate the
PNFR technology at the TRL6

LifepureagroH,O - Innovative photocatalytic nanofiltration technology for
pollutant removal and water reuse of agro-industrial effluents

Budget for the deployment of a system to treat 20 t/day of wastewater from the
agrifood industry 750K€
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Targets of the design and deployment phase.

Dimension and nhumber of
photocatalytic membranes

* Irradiation system

 Enhance the photocatalytic
surface per reactor volume

 Design the module internals

( ) LIFE PureAgroH20 PhOenix

October 215t 2024 Palacio de Exposiciones y Congresos Cabo de Gata-Ciudad de Almeria



BENAKI ARES | f@ Ql
T W ClEsoL | @ Cddcms

UNIVERSIDAD DE ALMERIA  =owsmess e

Results of the design phase.

Number of modules: 8

Number of p. membranes per
module: 12

Number of immersed UV sources
per module: 7

Length of photocatalytic fibers
per module: 360 m

3 flow channels enclosing a total
photocatalytic surface of 3.6 m?
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Deployment phase-Photocatalytic fibers.

Preparation of the Extrusion of the photocatalytic fibers with Assemble the photocatalytic
PVDFITiO, solution the dry-wet phase inversion process in fibers on glass-tubes
spinneret set up inserted to the reactor
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Deployment phase-Photocatalytic membranes.

Preparation of the Perform the wash coating and Heating to stabilise the
wash-coating TiO, drying process of the monoliths. ., photocatalytuc layers
slurries = iz W | '-
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Side Glowing Optic Fibers coupled
with HP UV LED chip modules
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Overview of the process at Zagorin

Treated water
Sorting/washing | tank
process -

Clean water tank
Cone-shaped Process water

tanks tanks

Stirring tank CF5

Sand filtration fA.
Carbon/UV/H203

Drain/slurry
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Benefits

- Addresses the competitive action of the organic loading which consumes
sorption sites, and oxidising radicals.

- The photocatalytic activity on the photocatalytic fibers and the shell
surface of the membranes concludes to a retentate effluent that is less
concentrated than the feed.

- Addresses the demand for very frequent regeneration replacement of the
membranes since the molecules attached on the membrane surface are
photodegraded.
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Results
-~ FEED
permeability chart ..
Pesticides 20 ppb
--0-- .5 bar
et COD 24 mg/L, TOC 5 mg/L, BOD 10 mg/L, TSS
| ToTMP Lo 15 mg/L, Turbidity 12 FNU,
. —30/04/2024 TMP-T4 bar
. —wospoamveraear o The permeability remains stable for 10 days on
. f p 15/05/2024 TMP 1.4bar Stl' eam
i | . 17/05/2024 TMP-L4bar— U
il - e+ Improvement of all  physicochemical
parameters of water (by 75%) (COD, BOD, TOC,

Turbidity, S.Solids)
« HM are effectively rejected 80-85%.

» Achieves in average 55-60% removal efficiency
of 30 different types of pesticides while for
certain types the removal reaches 100%.
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Technoeconomics

Calculation of the currently
achieved LCOW by the PNFR
technology based on the cost of
electricity in Greece and the data
from the so far industrial scale
operation in the Agrifood sector.
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Power of the Operational
.. - Hrs kWh KWh LCOwW
Electricity equL;:,r\?ent (15 m?) (15 m?) (150 m?) cc;:n(;) %
UV-LEDs 0.8 8 6.4 0.13 3.75
UV lamps 168 8 13.44 0.28 7.88
Pressure pumps 123 8 9.84 0.2 577
Submersible 0.23 8 184 0.038
pumps 1.08
Stirrer 7.5 0.1 0.81 0.017 0.48
Boiler 335 1 33.5 0.069 1.96
Total 0.735 20.9%
Operational
. Kg Kg Kg
Chemicals €/kg (15m?) | (150m%) | (450 m?) ccg:n(EZ)

Al(SOs)s 0.15 0.5 0.005 0.14
NaOH 4 6 0.16 4.55
NaQOCl 1.4 3 0.028 0.80
HNO; 6 6 0.08 2.28

Total 0.273 7.77%
Waste )
Means of Cost of Operational
B waste transport allELal cost (3)
Waste 8 per 15 m3 >
transport €/m (md) €/m
Truck 3.5 0.5 0.117 3.33
Total 0.117 3.33%
Interest
Capital Cost Construction | | icotime | from Capital Cost
Cost water
reuse
€ Yrs % €/m?
289163 25 1 2.39 68
Total 2.39 68%
Levelized cost of water based on CAPEX 3
and OPEX LCOwW €/m 3.515
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Thank you for your attention
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