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Overview of Submerged, Aerated, Fixed Film Biological Treatment System

Package Waste Water Plants from Microbac

MoD Garelochhead
Training & Transit Camp

2,000 person capacity
high cookhouse grease and variable loading

The National Trust  Wasdale Campsite

WastWater Head
English Lake District National Park

Norwich Airport
with weather proofing jacket

Treats fireground effluent containing
unburnt fuels and fluorinated fire
fighting foams and cleans it
sufficiently for it to be recycled into
the fire fighting water

Small Mobile Unit
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How Microbac Bioreactors Work

Microbac Bioreactors are designed specifically for biological treatment and detoxification of industrial and
municipal wastewater streams. In addition, the units can be used for bioremediation of oil spills, oily sludges
or land polluted with organic residues and for the decontamination of polluted groundwaters.

The Bioreactor unit consists of a coated steel or cast-in-place concrete tank, which contains a rigid, sub-
merged, structured plastic matrix and a membrane air distribution system. It also has provisions for effluent
discharge to maintain a fixed operating liquid level in the tank.

FIGURE 1
Air from Blower

Air Distributors

Effluent

Water Downflow

Biological
Growth on
Rigid Matrix

Water Upflow

Influent

and

Horizontal

Rigid PVC Plastic
Matrix arranged for

Longitudinal

Distribution of Air

Submerged, Aerated Fixed Film
Biological Treatment System

Diffused Aeration-Mixing System

This unique system provides an excellent
growth environment for bacteria. The Biore-
actor tank is full of rigid matrix, with the
exception of the
water freeboard
above the ma-
trix and the
small water
filled space be-
low the matrix.
In the latter
space, several
air distribution
membranes
cross the width
of the tank to
supply air from
blowers via
header pipes.

The matrix is
designed in
such a manner
as to provide a
series of sepa-
rate vertical col-
umns spaced
along the long
axis of the Bio-
reactor unit.
These segments
are the alternat-
ing areas shown
in Figure 1.
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FIGURE 2
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The alternate vertical columns serve as up-flow (those located
over an air distribution membrane) and down-flow (those hav-
ing no air distribution membrane) in these stationary biological
film reactors.

In the vertical columns of the
matrix located over the air distri-
bution membranes, the air and
water flow upwards, driven by
the airlift effect of the bubbles.
In these up-flow columns, oxy-
gen transfer from the air bubbles
to the wastewater occurs very
efficiently. The latter is due to
the shearing and reshearing of air
bubbles rising through the plastic
matrix towards the surface.

Liquid reaching the surface
through the up-flow columns
flows horizontally to the next
vertical column and then flows
downwards through the matrix.
While there is no direct oxygena-
tion of the liquid flowing down-
ward through the matrix, the
dissolved oxygen levels in the
liquid which was previously aer-
ated in the up-flow vertical col-
umns are sufficient to supply the
oxygen requirements of the bac-
teria in the down-flow column.

 Bacteria grow rapidly in the Bio-
reactor units under properly engi-
neered conditions, utilising the
organic substrates present in the
wastewater as food. As the bacte-
ria grow, viscous polysaccha-
rides are secreted by the cells, which enable the organisms to adhere to the surface of the matrix and form a
fixed-film.

In the standard Bioreactor system, the rigid plastic matrix provides 150m2 of surface per m3 of volume on
which the fixed-film can grow. The high surface area to volume ratio of the Bioreactor allows for the accumula-
tion of substantial concentrations of bacteriain a film in a relatively small treatment unit. Furthermore, the accu-
mulated viable bacteria are fixed in the system and do not need to be recycled, as is the case in conventional
biological treatment plants, such as activated sludge systems.

In the Bioreactor system, the water is constantly flowing through the rigid plastic matrix on which the biological
film is attached. As the water flows past the biological film, the bacteria in the film absorb the organic chemi-
cals as well as dissolved oxygen, nitrogen, phosphorous and other trace nutrients required for their growth. The
diffusion process which takes the organics and nutrients to the bacteria is depicted in figure 2.
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As the bacteria grow on the matrix and as more chemicals are added to the Bioreactor unit in the wastewaters,
the stationery biological film will continue to build in thickness (Figure 3).
As the film becomes thicker, the depth of penetration by diffusion of the absorbed materials, such as dis-
solved oxygen or other nutrients, is insufficient to reach the base of the bacterial film. At this point, the inner
layer of the film becomes starved of oxygen and nutrients and the organisms lose their ability to adhere to
the matrix surface. The shear forces of the water and air bubbles flowing through the matrix will ultimately
become great enough to tear this portion of the biological film loose from the matrix. This process is called
sloughing. The solids which slough from the media will flow out of the system with the treated effluent. The
exposed portion of the matrix surface will repeat the process of growth and sloughing, ensuring that a new
and vigorous biomass is maintained to promote optimal biodegradation activity.

In actual operation of the Bioreactor unit, the biological film will be in a state of dynamic, continuous
growth and sloughing, so that at any given time, portions of the matrix are always at some points between
forming a new film and sloughing.

Effluent Quality and the Bioconversion Process

The effluent discharge from the Bioreactor system will contain the sloughed biological solids but will be rela-
tively free of soluble organic chemicals. The quantity of biological solids in the effluent will depend substan-
tially on the quantity of suspended solids entering the Bioreactor system and the concentration of BOD5 and
COD entering the unit.

To determine the efficiency of the biological conversion of chemicals to bacterial mass, it is essential to mon-
itor concentration of chemicals in the influent wastewater and in filtered (0.45µ porosity paper) samples of
the treated effluent. If the discharge requirements for BOD5, COD or TOC are low, then it will be necessary
to provide a means of separating the sloughed biomass from the treated effluent. Usually a simple clarifier
attached to the Bioreactor system will provide the needed solids separation and subsequent reduction in the
effluent BOD5, COD or TOC..

FIGURE 3

The Growth and Sloughing Process



Page 6 of 11

Project Management Services

Microbac offer a variety of project management services to suit client needs including:-

    Plant design

    Analysis of influent wastewaters

    Pre-treatment design

    Post-treatment design

    Plant fabrication

    Plant installation

    On-site commissioning of plants

    Provision of operating and maintenance manuals

    Training of operators and technicians

    Management, operation and maintenance of plants

    Planned and emergency maintenance contracts

    Remote monitoring of plants by telemetry

    Provision of process guarantees on plant performance

    Plant leasing

    Troubleshooting and treatment plant remediation

    Analysis of discharge waters

    Continued involvement with projects after commissioning
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Marine Bioreactors

Microbac design and build Marine Bioreactors for use in all types of shipping and off-shore plat-
forms to treat both black and grey waters and, in some cases, oily wastewaters and produced water.

The Marine Bioreactors are based on Microbac’s submerged, aerated fixed-film Bioreactor plant with
additional features to enable its efficient use in marine environments.

A small footprint and compact design enables the Marine Bioreactors to be fitted into available space
and also makes them suitable for retrofitting on ships and offshore rigs. The high efficiency of the
treatment units produce excellent quality discharges under all normal conditions and they tolerate
shock loadings and recover quickly.

The Bioreactors are constructed in coated steel or stainless steel and are available for Eex applica-
tions if required.

Microbac Marine Bioreactors are IMO and US Coastguard approved and they produce discharges
well inside current limits to ensure compliance with future IMO requirements.

Membrane Bioreactors

The Microbac Membrane Bioreactor combines Microbac’s submerged aerated fixed-film Bioreactor
and hollow fibre filtration membranes to produce a very small footprint treatment unit suitable for
municipal sewage and a wide range of industrial wastewaters.

The Membrane Bioreactor degrades harmful organics and ammonia and removes suspended solids to
produce a discharge better than the most stringent standards, typically less than 5:5:5::BOD:SS: am-
monia. At the same time, the process disinfects the wastewater so that it is available for reuse or
harmless discharge in the most sensitive receiving waters.
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Industrial Bioreactors

The provision of wastewater treatment systems for complex industrial wastewaters is the mainstay of
Microbac’s business. Unlike sewage, industrial wastewaters from many industrial processes contain a
cocktail of recalcitrant organic compounds that require considerably more retention time in the bio-
logical zone of the treatment plant to ensure that they are fully degraded. Data to support the sizing of
a treatment plant for these complex wastewaters can be provided by laboratory and / or pilot Bioreac-
tor trials. The latter can provide valuable assistance in validating the design of the treatment plant by
determining the optimum retention times and degradation rates of the constituent organic molecules.
Microbac’s biological cultures are also used in the trials and, during the course of the work, these for-
mulations may be modified to promote more rapid biodegradation rates and to optimise the overall
performance of the Bioreactor unit

.

Treatment plants can be supplied in carbon steel or stainless steel, or they can be constructed in con-
crete, where appropriate.
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Bioreactor Installation, Courtaulds, China

Introduction

Following a successful on-site trial using a mobile Bioreactor, Microbac has installed a full-scale Mi-
crobac Bioreactor unit in a Courtaulds textile plant in China to reduce the Chemical Oxygen Demand
(COD) and Biochemical Oxygen Demand (BOD5) of the wastewater.

Information obtained from the site trial enabled accurate sizing of the full-scale Bioreactor unit to be
achieved and allowed the client to approach the project in a phased manner and to commit to the final
stage of the project with increased confidence.

Treatment

The major benefits of the Microbac Bioreactor unit for the Chinese site were the low civil engineering
requirements and the ease of installation, coupled with the lack of moving parts in the Bioreactor and
subsequent low maintenance requirements. In addition, as the unit runs on a semi-automatic basis,
little operator input is required on a day to day basis.

In order to fulfill the consent discharge requirements implemented by the Chinese authorities, the Bio-
reactor, in this instance, is located downstream of a Linatex/Crossfields Macrosorb unit which is used
to remove the coloured components from the wastewater generated during the textile dying process.
In removing colour from the wastewater, a proportion of COD is also removed but at this stage, sig-
nificant organics remain in the waste stream to be treated with the Microbac Bioreactor.

Results

Results to date demonstrate that the Microbac Bioreactor unit effectively removes COD and BOD
levels to well below the discharge consents of 180 mg/l and 40 mg/l respectively.
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Offshore Oil Platforms, Russia

Microbac has recently delivered two offshore wastewater treatment plants (WWTP's) for Sakhalin
Energy Investment Corporation (SEIC). The plants, designed to treat grey and black waters from plat-
form personnel, have been installed on the Lunskoye A (LUN-A) and Piltun (PAB) platforms that
operate offshore Sakhalin Island, Far East Russia. Offshore winter temperatures can be as low as -
39C and the area is prone to high seismic activity. The Microbac Bioreactors (MBR's), which have
IMO approval, are designed to meet the extremely strict discharge standards imposed by the Russian
Authorities in terms of organic load, BOD, Suspended Solids, Ammonia and Phosphate. The stringent
discharge requirements have been imposed to reduce any adverse impact on the feeding ground of
the critically endangered Western Grey Whales, that spend four to five months a year feeding off Sa-
khalin’s Piltun Bay and to protect the wild salmon stocks that are of great importance to Sakhalin Is-
land economy.

The plants have been provided to withstand the lowest winter temperatures and to remain structurally
intact under severe seismic accelerations. Prior to building the plants, the design was validated using
Finite Element Analysis.

 The WWTP's comprise a compartmentalised tank to provide equalisation of the influent wastewater,
biological treatment using a fixed film bioreactor, solids settlement and a clean water chamber. The
tank, pipework and associated components are trace heated and insulated to provide frost protection
down to -39C, ambient.

 Both plants are skid mounted and controls for the operation of the ancillary equipment are based on
the use of SMART transmitters to measure process parameters. The subsequent signal outputs, which
are relayed to the Local Control Panel mounted on the skid, provide all indications, alarms and con-
trol functions for the WWTP's.

Wastewater Treatment Plant after Insulation
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British Antarctic Survey Research Station

Position: 67° 34’ S, 68 ° 08’ W, Rothera Point, Adelaide Island.

Microbac designed built and delivered to the British Antarctic Survey a sewage treatment plant. They
then shipped it to their Rothera Research Station, Adelaide Island, 1860km south of the Falkland Is-
lands and 1630km south east of Punta Arenas in Chile.

Microbac commissioned the plant in December (summer) 2014.

From the British Antarctic Survey’s Rothera website

“A sewage treatment plant handles all the human waste and grey water produced on site with only
cleaned water being discharged to sea. Solids from the plant are disposed of through a high efficiency
two stage incinerator with residual ash contained and removed from Antarctica by ship.”

“The station is open throughout the year, in the summer the population will peak at just over 100 peo-
ple. In the winter months, April to mid October, a compliment of around 22 will be continuing the
science work and looking after the station infrastructure.”


