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Structure of the lecture

« MBR advantages in wastewater treatment.
e The world market for MBR systems.

e Comparison of commercial suppliers &
general MBR characteristics..

« MBR Case Studie

 Research and Development in the UK.
« MBR Costings.

e Conclusions and Questions.
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MBR Advantages

e Capable of simultaneous biological treatment and
disinfection of the effluent — the resulting treateaker

should be of

 Complete se
and suspend

nigh quality;

paration of hydraulic retention tim&{H

ed solids retention time (SRT) provides

optimum control of biological reactions and gre:
reliability and flexibility in use;

 Ability to deal with variations and fluctuations both
the hydraulic (miht) and organic (kg BOD mh?)
loading to the system;
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MBR Advantages

Process intensification through high biomass
concentrations;

Complete control of sludge age is important toll
development of slow-growing micro-organisms such as
nitrifying bacteria;

Reduced sludge production compared to other agrobi
processes;

Ability to treat high strength wastes — new market
potential;
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Membrane Bioreactor Advantages In
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Smaller process footprint due to lack of gravititlsey,
much smaller aeration tank, much reduced terti@atinent.
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MBRSs In the World Market

Report RC-240 Membrane Bioreactors in the Changing World
Water Market — Business Communications Company, Inc,
USA. (www.bccresearch.com).

This sector is growing faster than the larger market for
advanced wastewater treatment equipment, and more rapidly
than the markets for other types of membrane sys

Stricter environmental regulations are driving sales of MBRs to
iIndustry and municipalities, and prompting maritime users to
consider MBR technology — there are now ship-board systems.

During the forecast period, sewage treatment will continue to
be the primary use for MBR systems.
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MBRSs In the World Market

* Valued at an estimated $217 million (US) in 2005, the global
MBR market is rising at an average annual growth rate of
11% and is expected to approach $363 million in 2010.
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Commercial MBR systems

Zenon US Filter Kubota Mitsubishi-

(GE Water) | (Siemens) Rayon
Membrane type Hollow fibre Hollow fibre Flat sheet Hollow fibre
Orientation Vertical Vertical Vertical Horizontal

immersion Immersion immersion | immersion
Pore size (um) 0.04 0.1 0.4 0.1/0.4
Material N/A PVDF Polyethylen | Polyethylen
Module Area (m?) 370 100+ 320 105
Flux stabilisation Back flush & | Back flush & | Flux Flux
method flux relaxation | flux relaxation | relaxation relaxation
Flux recovery Chemical soak| Chemical sogk Chlorine | Chlorine
method back wash | back wash
Recovery frequency | 3 months 2 months 6 months 3 months

W Yanget al (2006), Journal of Membrane ScierZ&), 201-211, with adjustment.

Department of Chemical Engineering

Afilin, UNIVERSITY OF
N
(e

&5 BATH



Commercial MBR systems
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The Zenon
(GE Water)
ZeeWee®

Cassette

htto://www.zenon.com/
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USFilter - Siemens Water Technologies

http://www.usfilter.com/

Xpress™ MBR plant

Module with jet in aperation.

Department of Chemical Engineering



Kubota Flat Sheet Membrane System

http://www.kubota-mbr.com/
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MBR Configurations:
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Flux Recovery Methods:
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Key MBR Process Interactions:
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Example operational MBR plants

Sewage treatment < Milk processing plant

Anaerobic digester « Ship-board treatment

liquors « Grey water recycling
Pharmaceutice —Theme par
effluent .

— Office block

Malting effluent
— Garden centre

Tannery effluent
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Porlock Sewage Treatment Plant, UK

e Site data
— Located in the Exmoor National Park
— Near to a bathing beach
— 3,800 population equivalent (in summer)
— 1,900 m d! flow per day
— Sewage feed started1Bebruary 1993
— The first full-size MBR In Europe
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Porlock Sewage Treatment Plant, UK

Site location
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Porlock Sewage Treatment Plant, UK
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Porlock Treatment Building
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Swanage Sewage Treatment Plant, UK

e Site data
— Dorset coastal resort
— Bathing beaches nearby
— Holiday letting accommodation nearby
— Sailing club nearby

— 28,000 population equivalent (in summer)

— 13,000 md1flow to treatment (147 I'5
with peak flows of 200 |-§
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Swanage STW — June 2000
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Swanage STW — Main Hall

Treatment tank covers
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Swanage STW — Reactor Hall
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Swanage STW — Layout
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South Wraxall, UK

e Site data
— Small community STW
— New green-field site
— 200 population equivalent — 20C ah!
— Compartmentalised steel tanks —6 X 3 x 3 m
—4 membrane units and submerged blowers

Department of Chemical Engineering



South Wraxall — May 2001
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South Wraxall — May 2001

e

Treatment Sludge Generator and
tanks tank compressors

Department of Chemical Engineering



EU PURATREAT Project

e Partners in Europe & the MENA region,
alm to test low energy MBRs in
decentralised MENA countries.

* Pilot testing of 3 different flat-sheet
membrane systems: Kubota, Weise W
Systems, Martin Systems.

e Tests to start in the next month In Sfax.

e Objective to recover water for irrigating
human crops, from municipal waste water.
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Kubota MBR

Membrane /
bioreactor tank

Pilot scale MBF
under testing at Bath.

Pre-sedimentation
tank
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Kubota MBR ~ 1 m3 day!

Location of valves and sensors on the permeate line
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Weise Water Systems

MicroClear
MCO03, 3.5 m2

Department of Chemical Engineering



Weise Water Systems ~ 1 Arday™

Control panel
Membrane tank

Biological tank

Presedimentation
tank
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Permeate AlIr

Martin Systems

R

siClaré®® FM 611, 6.25 m?
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Martin Systems ~ 1 n¥ day!

Pre-
sedimentation
tank

Biological Membrane
tank tank
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Kubota Membrane Bioreactors

 Research & Development 1992 — 2007

1992: 6 litres, food effluent at Bath using ceramic
membranes.

1994. 200 litres, on sewage using HF membranes.

1995: 100 md?, based on flat sheet membranes at
Kingston Seymou

1998:  First full scale plant at Porlock: 1,900 drt.

1999:.  First full scale industrial (dairy) effluentpt:
7,000 — 9,000 rd.

2000: Swanage, larger scale plant: 13,06@In

2007:  Oman, water reused for irrigation: 78,000dm
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Kubota MBR Technology

 Process Economics 1992 — 2007
— Design flux rates have doubled.
— Reduced plant size and power consumption.
— Reduced maintenance and labour.

— Projected membrane life increased from 3 to
10 years giving reduced replacement costs.

— Scale up of manufacture has lead to reduced
membrane fabrication costs.
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Kubota membrane costs down
by a factor of 10 in 13 years:
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Overall MBR costs down by” 10 in 13 years

Kennedy and Churchouse, 2005

Department of Chemical Engineering



Kubota MBR operating costs

Costs down by
~12in13years  Kennedy and Churchouse, 2005
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Membrane Bioreactor Technology

* Future challenges / opportunities:

— Combinations of aerobic, anoxic and anaerobic
biology to optimise the different types of metaboii
In spatially separate but integrated MBR systems.

— Minimisation of energy input and sludge production

— Decentralised water treatment — look out for the EU
PURATREAT projectwww.puratreat.com.

— Increasing applications in industrial effluenttiment.
— Extractive membrane bioreactors.
— Directed evolution and metabolic pathway diagnosis
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Combined Aerobic & Anaerobic MBRS

... or what about

Anaerobic followed Cogjgned I:eat
. ower :
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