Technology Fact Sheet _
Wastewater recycle using membrane bioreactor'

1) Introduction

The technologies commonly used for water recycle that are performed at secondary treatment
of municipal wastewater rely on the microorganisms suspended in the wastewater. Although
these technologies work well in many situations, they have several drawbacks, including the
difficulty of growing the right types of microorganisms and the physical requirement of a
large site. The use of microfiltration membrane bioreactors (MBRS), a technology that has
become increasingly used in the past 10 years, overcomes many of the limitations of
conventional systems. These systems have the advantage of combining a suspended growth
biological biomass with solids removal via filtration. The membranes can be designed for and
operated in small spaces and with high removal efficiency of contaminants such as nitrogen,
phosphorus, bacteria, biochemical oxygen demand, and total suspended solids. The
membrane filtration system in effect can replace the secondary clarifier and sand filters in a
typical activated sludge treatment system. Membrane filtration allows a higher biomass
concentration to be maintained, thereby allowing smaller bioreactors to be used.

The advantages of MBR systems over conventional biological systems include better effluent
quality, smaller space requirements, and ease of automation. Specifically, MBRs operate at
higher volumetric loading rates which result in lower hydraulic retention times. The low
retention times mean that less space is required compared to a conventional system. MBRs
have often been operated with longer solids residence times (SRTs), which results in lower
sludge production; but this is not a requirement, and more conventional SRTs have been used
(Crawford et al. 2000). The effluent from MBRs contains low concentrations of bacteria, total
suspended solids (TSS), biochemical oxygen demand (BOD), and phosphorus. This
facilitates high-level disinfec-tion. Effluents are readily discharged to surface streams or can
be sold for reuse, such as irrigation.

The primary disadvantage of MBR systems is the typically higher capital and operating costs
than conventional systems for the same throughput. O&M costs include membrane cleaning
and fouling control, and eventual membrane replacement. Energy costs are also higher
because of the need for air scouring to control bacterial growth on the membranes. In
addition, the waste sludge from such a system might have a low settling rate, resulting in the
need for chemicals to produce biosolids acceptable for disposal (Hermanowicz et al. 2006).
Fleischer et al. 2005 have demonstrated that waste sludges from MBRs can be processed
using standard technologies used for activated sludge processes.

2) Technical requirements

Designers of MBR systems require only basic information about the wastewater
characteristics, (e.g., influent characteristics, effluent requirements, flow data) to design an
MBR system. Depending on effluent requirements, certain supplementary options can be
included with the MBR system. For example, chemical addition (at various places in the
treatment chain, including: before the primary settling tank; before the secondary settling
tank [clarifier]; and before the MBR or final filters) for phosphorus removal can be included
in an MBR system if needed to achieve low phosphorus concentrations in the effluent.



MBR systems historically have been used for small-scale treatment applications when
portions of the treatment system were shut down and the wastewater routed around (or
bypassed) during maintenance periods. However, MBR systems are now often used in full-
treatment applications. MBR systems provide operational flexibility with respect to flow
rates, as well as the ability to readily add or subtract units but that flexibility has limits.
Membranes typically require that the water surface be maintained above a minimum
elevation so that the membranes remain wet during operation. Throughput limitations are
dictated by the physical properties of the membrane, and the result is that peak design flows
should be no more than 1.5 to 2 times the average design flow. If peak flows exceed that
limit, either additional membrane is needed simply to process the peak flow, or equalization
should be included in the overall design. The equalization is done by including a separate
basin (external equalization) or by maintaining water in the aeration and membrane tanks at
depths higher than those required and then removing that water to accommodate higher flows
when necessary (internal equalization).

A) Design Feature

To reduce the chances of membrane damage, wastewater should undergo a high level of
debris removal prior to the MBR. Primary treatment is often provided in larger installations,
although not in most small to medium sized installations, and is not a requirement.

MBR systems are configured with the membranes actually immersed in the biological reactor
or, as an alternative, in a separate vessel through which mixed liquor from the biological
reactor is circulated. The former configuration is shown in Figure 1; the latter, in Figure 2.

Figure 1 Immersed membrane system configuration
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(Source: Image from GE/Zenon)

MBR manufacturers employ membranes in two basic configurations: hollow fiber bundles
and plate membranes. Siemens/U.S.Filter’s Memjet and Memcor systems, GE/Zenon’s
ZeeWeed and ZenoGem systems, and GE/Ionics’ system use hollow-fiber, tubular
membranes configured in bundles. A number of bundles are connected by manifolds into
units that can be readily changed for maintenance or replacement. The other configuration,
such as those provided by Kubota/Enviroquip, employ membranes in a flat-plate



configuration, again with manifolds to al-low a number of membranes to be connected in
readily changed units. Screening requirements for both systems differ: hollow-fiber
membranes typically require 1- to 2-mm screening, while plate membranes require 2- to 3-
mm screening (Wallis-Lage et al. 2006).

Figure 2 External membrane system configuration
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B) System Operation

All MBR systems require some degree of pumping to force the water flowing through the
membrane. While other membrane systems use a pressurized system to push the water
through the membranes, the major systems used in MBRs draw a vacuum through the
membranes so that the water outside is at ambient pressure. The advantage of the vacuum is
that it is gentler to the membranes; the advantage of the pressure is that throughput can be
controlled. All systems also include techniques for continually cleaning the system to
maintain membrane life and keep the system operational for as long as possible. All the
principal membrane systems used in MBRs use an air scour technique to reduce buildup of
material on the membranes. This is done by blowing air around the membranes out of the
manifolds. The GE/Zenon systems use air scour, as well as a back-pulsing technique, in
which permeate is occasionally pumped back into the membranes to keep the pores cleared
out. Back-pulsing is typically done on a timer, with the time of pulsing accounting for 1 to 5
percent of the total operating time.

C) Downstream Treatment

The permeate from an MBR has low levels of suspended solids, meaning the levels of
bacteria, BOD, nitrogen, and phosphorus are also low. Disinfection is easy and might not be
required, depending on permit requirements.



The solids retained by the membrane are recycled to the biological reactor and build up in the
system. As in conventional biological systems, periodic sludge wasting eliminates sludge
buildup and controls the SRT within the MBR system. The waste sludge from MBRs goes
through standard solids-handling technologies for thickening, dewatering, and ultimate
disposal. Hermanowicz et al. (2006) reported a decreased ability to settle in waste MBR
sludges due to increased amounts of colloidal-size particles and filamentous bacteria.
Chemical addition increased the ability of the sludges to settle. As more MBR facilities are
built and operated, a more definitive understanding of the characteristics of the resulting
biosolids will be achieved. However, experience to date indicates that conventional biosolids
processing unit operations are also applicable to the waste sludge from MBRs.

3) Status technology and its future market

The MBR process was introduced by the late 1960s, as soon as commercial scale
ultrafiltration (UF) and microfiltration (MF) membranes were available. The original process
was introduced by Dorr-Olivier Inc. and combined the use of an activated sludge bioreactor
with a crossflow membrane filtration loop. The flat sheet membranes used in this process
were polymeric and featured pore sizes ranging from 0.003 to 0.01 um. Although the idea of
replacing the settling tank of the conventional activated sludge process was attractive, it was
difficult to justify the use of such a process because of the high cost of membranes, low
economic value of the product (tertiary effluent) and the potential rapid loss of performance
due to membrane fouling. As a result, the focus was on the attainment of high fluxes, and it
was therefore necessary to pump the mixed liquor suspended solids (MLSS) at high
crossflow velocity at significant energy penalty (of the order 10 kWh/m3 product) to reduce
fouling. Due to the poor economics of the first generation MBRs, they only found
applications in niche areas with special needs like isolated trailer parks or ski resorts for
example.

The breakthrough for the MBR came in 1989 with the idea of Yamamoto and co-workers to
submerge the membranes in the bioreactor. Until then, MBRs were designed with the
separation device located external to the reactor (sidestream MBR) and relied on high
transmembrane pressure (TMP) to maintain filtration. With the membrane directly immersed
into the bioreactor, submerged MBR systems are usually preferred to sidestream
configuration, especially for domestic wastewater treatment. The submerged configuration
relies on coarse bubble aeration to produce mixing and limit fouling. The energy demand of
the submerged system can be up to 2 orders of magnitude lower than that of the sidestream
systems and submerged systems operate at a lower flux, demanding more membrane area. In
submerged configurations, aeration is considered as one of the major parameter on process
performances both hydraulic and biological. Aeration maintains solids in suspension, scours
the membrane surface and provides oxygen to the biomass, leading to a better
biodegradability and cell synthesis.

4) Contribution of the technology to the protection of environment

The MBR technology can be applied to treat Municipal wastewater, industrial wastewater as
well as for water reclamation (water re use). Simply due to the high number of
microorganism in MBRs, the pollutants uptake rate can be increased. This leads to better
degradation in a given time span or to smaller required reactor volumes. In comparison to the
conventional activated sludge process (ASP) which typically achieves 95%, COD removal
can be increased to 96-99% in MBRs. COD and BODS5 removal are found to increase with



http://en.wikipedia.org/wiki/Ultrafiltration
http://en.wikipedia.org/wiki/Microfiltration
http://en.wikipedia.org/wiki/Activated_sludge
http://en.wikipedia.org/wiki/Activated_sludge
http://en.wikipedia.org/wiki/Activated_sludge

MLSS concentration. Above 15g/L COD removal becomes almost independent of biomass
concentration at >96%. Arbitrary high MLSS concentrations are not employed, however, as
oxygen transfer is impeded due to higher and Non-Newtonian fluid viscosity. Kinetics may
also differ due to easier substrate access. In

ASP, flocs may reach several 100 um in size. This means that the substrate can reach the
active sites only by diffusion which causes an additional resistance and limits the overall
reaction rate (diffusion controlled). Hydrodynamic stress in MBRs reduces floc size (to 3.5
um in sidestream MBRs) and thereby increases the apparent reaction rate. Like in the
conventional ASP, sludge yield is decreased at higher SRT or biomass concentration. Little
or no sludge is produced at sludge loading rates of 0.01 kgCOD/(kgMLSS d). Due to the
biomass concentration limit imposed, such low loading rates would result in enormous tank
sizes or long HRTSs in conventional ASP. Due to the high pollutans removal, the MBR
technology can reduce environmental pollution significantly.

The MBR technology can also remove nutrient from wastewater. Nutrient removal is one of
the main concerns in modern wastewater treatment especially in areas that are sensitive to
eutrophication. Like in the conventional ASP, currently, the most widely applied technology
for N-removal from municipal wastewater is nitrification combined with denitrification.
Besides phosphorus precipitation, enhanced biological phosphorus removal (EBPR) can be
implemented which requires an additional anaerobic process step. Some characteristics of
MBR technology render EBPR in combination with post-denitrification an attractive
alternative that achieves very low nutrient effluent concentrations.!”

Due to the high pollutans removal, the MBR technology can reduce environmental pollution
significantly.

5) Climate

The Membrane Bioreactor technology are suitable for warm climates such as in sub or in
tropical country. For operation in the winter season, the pollutant removal can decrease
severely. The MBR is a combination of pollutants degradation by microbe and filtration using
a membrane. Microbes work is strongly influenced by temperature. In the temperature range
between 30-40 C, microbial will works very effectively. So the MBR technology is suitable
for warm climates.

6) Financial requirements and costs

A) Capital Costs

Capital costs for MBR systems historically have tended to be higher than those for
conventional systems with comparable throughput because of the initial costs of the
membranes. In certain situations, however, including retrofits, MBR systems can have lower
or competitive capital costs compared with alternatives because MBRs have lower land
requirements and use smaller tanks, which can reduce the costs for concrete. U.S.
Filter/Siemen’s Memcor package plants have installed costs of $7-$20/gallon treated.
Fleischer et al. (2005) reported on a cost comparison of technologies for a 12-MGD design in
Loudoun County, Virginia. Because of a chemical oxygen demand limit, activated carbon
adsorption was included with the MBR system. It was found that the capital cost for MBR
plus granular activated carbon at $12/gallon treated was on the same order of magnitude as
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alterna-tive processes, including multiple-point alum addition, high lime treatment, and post-
secondary membrane filtration.

B) Operating cost

Operating costs for MBR systems are typically higher than those for comparable
conventional systems. This is because of the higher energy costs if air scouring is used to
reduce membrane fouling. The amount of air needed for the scouring has been reported to be
twice that needed to maintain aeration in a conventional activated sludge system (Scott Blair,
personal communica-tion, 2006). These higher operating costs are often partially offset by the
lower costs for sludge disposal associated with running at longer sludge residence times and
with membrane thickening/dewatering of wasted sludge.

Fleischer et al. (2005) compared operating costs. They estimated the operating costs of an
MBR system including activated carbon adsorption at $1.77 per 1,000 gallons treated. These
costs were of the same order of magnitude as those of alternative processes, and they
compared favorably to those of processes that are chemical-intensive, such as lime treatment.

' This fact sheet has been extracted from TNA Report - Adaption for Indonesia. You can access
the complete report from the TNA project website http://tech-action.ora/
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