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ABSTRACT
Membrane bioreactors (MBRs) have been actively employed for municipal and industrial wastewater treatments. So far,
membrane fouling and the high cost of membranes are main obstacles for wider application of MBRs. Over the past few
years, considerable investigations have been performed to understand MBR fouling in detail and to develop high-flux or
low-cost membranes. This paper attempted to address the recent and current developments in MBRs on the basis of
reported literature in order to provide more detailed information about MBRs. In this paper, sustainable development for
ZLD and economic strategies were discussed. Recent developments in membrane materials, membrane modification
were reviewed. There are emerging treatment technologies that have come into practice in recent times in other parts of
the world, but they have not come into practice in India at large scale. Therefore, the following technologies though
these have been randomly tried out so far, need to be investigated and possibly demonstrated/pilot under Indian
conditions to arrive at their techno-economic viability.
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INTRODUCTION
Inadequate treatment of sewage discharge remains a major challenge for the country. The wastewater
treatment infrastructure of India has not undergone modernization and advancement in terms of
wastewater treatment technology to face challenges posed by rapidly growing population. Consequently,
the increasing expenditure on advanced wastewater treatment technologies and equipment in the country is
the major purpose for MBR installation in India. In addition to this, the easiness in operation of MBRs
have led to the decreased cost of maintenance and energy saving, and has alleviated the reliance over
operators and engineers for the purpose of handling the machine. The automation has brought operational
stability to wastewater treatment process, with lesser errors and easy monitoring, demanding much lesser
manual input, as compared to conventional wastewater treatment systems.

Power generation industry is playing a crucial role in the country’s growing energy demand and account
for a sizable portion of water consumption in India. The cooling towers in a thermal power plant require
bulk loads of water supply for the purpose but the frequent occurrence of droughts is causing the plants to
shut down and power outages in the nation. As a result, industrial experts are keen on adopting membrane
bioreactors as a powerful and an effective water reclamation & reuse tool to meet the water demand.
HPCL Mittal Energy Limited and Pragati Power Corporation Limited are currently utilizing MBR
technology at their plants. In addition to power sector, other industries such as oil & gas, chemical,
pharmaceutical and many more are also witnessing installation of MBR in the country.

MARKET ESSENTIALS AND REINFORCEMENT
India is one of the fastest growing economy and is witnessing rapid scale of industrialization and
burgeoning population, which are putting coercing the water availability in the nation. The economic and
population growth in the country are slowing down per capita availability of water and the situation is
expected to worsen in the coming years due to limited availability of fresh water resources. If the water



838 Mr. Hemant G. Yeole, Mr. Shekhar A. Lokhande, Mr. Tejmal B. Mahale

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

utilization is to continue at the same rate, the water demand for domestic, agriculture and manufacturing
sector is expected to outpace the water supply by 2050[13]. Membrane treatment is an advanced treatment
process that has become increasing popular over the past ten years. Membrane processes have been
understood but underutilized since the 1960’s due to high capital costs [3]. Recent developments in membrane
manufacturing have enabled the production of better quality membranes at a reduced price. Compared with
increasing conventional water treatment costs, membrane treatment is now considered economically feasible.

Table 1. Installed MBR Plants in India [13]

MEMBRANE MATERIAL
Membranes are made from either organic polymers or ceramic materials or composite membrane. The
material the membrane is made of has an impact on its fouling propensity in MBRs. Based on the membrane
material, membranes can be classified into: ceramic membranes, polymeric membranes, and composite
membranes. Ceramic membranes exhibit good filtration performance due to their high chemical resistance,
integrity, inert nature and ease of cleaning leading to low operating costs [2, 7, 9]. Ceramic membranes are
also highly hydrophilic [5], which makes them more fouling resistant. However, their high cost of fabrication
and fragile nature [9] make them economically unfeasible for use in MBR applications. Polymeric membranes
are the most common membrane types available. Polymeric membranes have good physical and chemical
resistance but are mostly hydrophobic [5]. Examples of polymeric membrane materials include polyvinylidene
fluoride (PVDF), polyethersulfone(PES), polyacrylonitrile (PAN), polysulfone (PS), polyethylene (PE),
polyvinyl butyral (PVB), cellulose acetate (CA), polypropylene (PP), polytetrafluoroethylene (PTFE), etc.
Due to their hydrophobic nature, polymeric membranes tend to foul easily, but they tend to be widely used
now due to the ease of fabrication of the pore sizes. Composite membranes are membranes produced from two
or more materials to combine the strengths of the constituent materials in the final product. Typically, one
material constitutes the active surface and another forms the support layer [7]. In composite membrane
applications, hydrophobic membranes are coated with hydrophilic polymer to overcome the fouling
shortcoming.

MEMBRANE CONFIGURATION
Flow within a membrane system can be either cross-flow or dead-end. cross-flow the flow of wastewater is
parallel to the membrane surface and helps to reduce fouling from particulate matter. While a high rate of
aeration can minimize membrane fouling through the scouring action, it also has an impact on biomass
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characteristics. Higher aeration rates also increase the energy consumption leading to an increase in operating
costs [7, 10]. Thus, optimum aeration intensity needs to be found which strikes a balance between these.

MEMBRANE BIO REACTOR (MBR)
This technology combines the aeration and secondary clarifier in one and the same tank by sucking out the
aerated mixed liquor through membranes instead of settling in a separate downstream tank and to that extent,
it does yield a treated sewage with practically no BOD and suspended solids and hence being clear and
virtually transparent besides its claimed ability to hold and sustain mixed liquor suspended solids (MLSS) of
three to four times than what is possible in the conventional aeration tanks which in turn offers minimization
of the footprint of the treatment plant[12]. Diffused aeration is of course needed. The membrane is a matter of
proprietorship and the throughput per membrane module offered by various vendors are different and also
each vendor advocates various shapes of the membranes as flat sheet, cross flow, dead end flow etc., which
makes it difficult for common validated standard design criteria.

MARKET CHALLENGES AND DRIVERS
In the period 2014-19 the Indian membrane market is expected to grow at a rate of around 14 percent and the
entire market value is projected to surpass US$ 404 million in 2017[11]. “The availability of affordable and
effective membrane technologies is a core enabler for cross-industry growth.” The leading global membrane
manufacturers mainly dominate the Indian membrane technology market. These global manufacturers are
importing membranes from their own production facilities located outside the country, and with their high
competence and technical knowhow are targeting not only conventional but also other potential applications
of membranes in different commercial and industrial processes [13]. Currently, companies like Influx,
Permionics, Ion Exchange, and Driplex are important players in the Indian market that have established a
significant presence there. The market is being mainly driven by the rising demand and focus on clean
technologies, breakthrough innovations in the design and structure of membranes and the rapid growth of
branches using membrane technology for various industrial processes and applications. Over the past few
decades the membrane technology has not only gained widespread acceptance but also witnessed significant
market transformations and technological changes [11].

Different end-user segments offer varied opportunities for membrane technology providers. Commercial
sectors (e.g. hotels, hospitals, institutions, etc.) with increased market growth are a promising end-user
segment. The growth of small and medium sized industries (food and beverages, sugar, distilleries,
automotive component manufacturing, pharmaceuticals) has supported the high purity process water markets.
A great scope for potable water and solid waste management arises in the municipal segment. Furthermore,
private equity funds are increasingly interested in investing in water and wastewater treatment companies
[11].

TECHNOLOGIES TRENDS, GAPS & PROBABILITY
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[14]. In certain situations, however, in
some cases, 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.

Cost comparison and Land Requirement

As per the Compendium of Sewage Treatment Technologies issued by National River Conservation
Directorate (NRCD), Ministry of Environment & Forests, published in August, 2009, the cost aspects based
on capital cost, O&M cost, reinvestment cost, energy and land cost based on data of STPs in the Ganga river
basin and elsewhere in India indicates that unlined WSP has the lowest treatment cost (Rs 1/kL) but the
highest land requirements (20000 m2/MLD), while SBR/ will have high treatment cost (Rs 5/kL) but low land



840 Mr. Hemant G. Yeole, Mr. Shekhar A. Lokhande, Mr. Tejmal B. Mahale

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

requirement (-600 m2/MLD). The conventional ASP is somewhere in the middle, with moderate treatment
costs (Rs. 3.5/kL) and moderate land requirements (-2000 m2/MLD). Similarly, among treatment options that
produce effluent of recyclable quality (i.e., BOD5 < 5 mg/L, SS < 5 mg/L), the ASP + C-F + RSF/DMF
process has the lowest treatment cost (Rs 6.50/kL) but the highest land requirements (3000 m2/MLD), while
the MBR process will have highest treatment cost (Rs 9/kL) and the lowest land requirements (600 m2/MLD).
The SBR + C-F + RSF/DMF process will have an intermediate treatment cost (7.50/kL) and also an
intermediate treatment area requirement (1200 m2/MLD) [13]. It is however necessary to evaluate these on a
case by case basis depending on the specific situation on hand before arriving at an inference. Inclusion of
biomethanation and energy recovery for use in the STP itself will change the above cost comparisons.

CONCLUSION
In conclusion, the India Membrane Bioreactor (MBR) market is expected to showcase significant growth
during the forecast period owing to the rising shortage of clean water in the country. The technical
upgradations of the existing centralized Sewage Treatment Plants (STPs), Effluent Treatment Plants
(ETPs) and sewerage pipelines is increasing the penetration of advanced wastewater treatment
technologies in India. Additionally, the operational simplicity offered by MBRs is also fostering its
applications in on-site reclamation of municipal sewage coupled with industrial effluent reuse. The
advantageous features such as ease of cleaning coupled with automation & reduction of pumps, controls
and manual labor are offering dual benefit to the municipal and industrial set-ups. Consequently, the India
MBR market would continue to grow at a healthy rate through 2026.
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