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Abstract

The recent advancement in the membrane technology especially in ultrafiltration has given an impetus to development of submerged membrane technology of various wastewater especially for the treatment of refinery wastewater. A submerged membrane process is one of modification to the conventional refinery wastewater process. The submerged membrane process can retain a high concentration of mixed liquor suspended solid (MLSS) from activated sludge in the aeration tank giving numerous benefits over conventional wastewater treatment process. Behaviour of microorganism in the submerged membrane process is needed to be understood so that these types of treatment plants could be designed to meet required effluent standards. This paper discussed several organic (BOD, TOC, Oil and grease, sulfide, and ammonia) and microbial parameter to evaluate the permeate water quality. These components were the major membrane foulants that exists during water filtration processes. The comparison of combined roles of biological treatment and membrane technology is very important in order to choose and optimize the best technique and conditions during refinery produced wastewater treatment. In addition, economical pressure motivates the realization of the effluent standards at lowest possible cost, therefore it becomes interesting to modify the activated sludge process in order to meet the challenges thrown.
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1. INTRODUCTION
For many years, the need for the retention of a high concentration of biomass in biological wastewater treatment systems has attracted the interest of environmental engineers and scientists. The potential benefits that could be obtained from such a high biomass concentration (Mixed Liquor Suspended Solid, MLSS) in  refinery effluent may be listed as activated sludge process that treat organic substrate from a  high MLSS concentration.
Activated sludge process is one of the alternatives for treating industrial wastes. In these systems, the final settling tank is a vital part, which combines two function i.e clarification and thickening. An improper functioning would result in solids being carried over with the final effluent. The conventional activated sludge process commonly employs MLSS concentration of 2000-3500 mg/l, that the maximum concentration can be achieve using gravity for solid/liquid separation in the secondary sedimentation tank. This will not only affect the effluent quality, but can also affect the behaviour of the biological process (Rahman, 2004). 
Membranes are commonly used for the removal of dissolved solids, color, and hardness in drinking water. In wastewater reclamation and reuse, water requirement may call for reduction in suspended solids, total dissolved solids, and selected constituents such as nitrates, chlorides, and natural and synthetic organic compounds. Membrane treatment, applied to the end of conventional wastewater treatment systems, is a viable method of achieving desired effluent quality levels at reasonable costs. Membrane separation technology offers an attractive alternative for solid/liquid separation since it is possible to retain up 100% of the biomass and thus run the aeration tank at a higher level of MLSS. The use of a membrane for solids separation instead of a gravity clarifier many of the solids separation problems associated with conventional activated sludge process, such as low settling rates caused by high MLSS concentration, filamentous growth and floc (Metcalf and Eddy,2001)
Membrane technologies are receiving special recognition as alternatives to conventional water treatment and as a means of polishing treated wastewater effluent for reuse applications. With technical advances and corresponding cost reductions, membrane systems are now capable of decontaminating non saline waters (including treated wastewaters) in the processes at competitive costs. The demand for membranes in the water and wastewater industry is projected to increase at a 9% annual rate by year 2006. About two-thirds of the market will be for water, and one-third for wastewater (Li et al., 2006). Membrane technologies are energy intensive and the new membrane technologies feature the use of low pressure systems that significantly reduce energy use and operation and maintenance costs. 
2. NATURE OF THE REFINERY EFFLUENT

In petroleum industries, a high interest is dedicated to the improvement of wastewater management through optimization of water use and introduction recycling technologies within production units. The traditional treatment of refinery wastewater is based on the physicochemical and mechanical methods and further biological treatment in the integrated activated sludge treatment unit. The refinery wastes contain crude oil and various fractions thereof, dissolved or suspended minerals, organic compounds discharged in liquors, and sludges from the various stages of processing. The oil may appear in wastewaters as free oil, emulsified oil and as a coating or suspended matter. Table 1 shows the typical characteristic of wastewater from the effluents of the petroleum industry that contain a variety of component of varying concentrations (Cheryan and Rajagopalan,1998). For each of parameters involved, a range of values is given, confirming the large variability of the wastewater from petroleum refining process.

Table 1

Characteristic of refinery  effluent (Cheryan and Rajagopalan,1998)
	Pollution
	Approximate Quantities

	Cooling systems
	3.5-5 m3 of wastewater generated per ton of crude

	Polluted wastewater
	BOD                150-250 mg/l

COD                300-600 mg/l

Phenol                20-200 mg/l

Oil                    100-300 mg/l

Oil                     5000     mg/l in tank bottom

Benzene               1-100 mg/l

Heavy metals     0.1-100mg/l

	Solid waste and sludge
	3 to 5 kg per ton of crude (80 % should be considered as hazardous waste because of the heavy metals and toxic organic presence)

	VOC emissions
	0.5 to 6 kg/ton of crude

	Others emissions
	BTX (Benzene, Toluene and Xylene) 0.75 to 6 g/ton of crude

Sulfur oxides 0.2 0.6 kg/ton of crude

Nitrogen oxides 0.006 – 0.5 kg/ton of crude


Fig 1. Schematic of hydrocarbon
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             (a) methane                    (b) propane                         (c) naphthalene

The hydrocarbon rings can become quite complex.  As well, more complex molecules occur when one or more hydrogen atoms are replaced by hydrocarbon groups or by the condensing or "stacking" of one or more rings.  A simple example of this occurs in naphthalene (C10 H8), shown above. 

In general, an aerobic method for biological in refinery wastewater treatment is process that based on the aeration of wastewater with biological growth. Part of this growth is then wasted and the remainder is returned to the system. The natural oils exhibit low flux and foul the membrane more. Feldman et al.,1998 found that increased oil concentration in the feed decreased the final flux, whereas the crossflow rate, transmembrane pressure, and temperature appeared to have relatively little effect on the final flux. The removal efficiency of the oil was found to be 80-82%. Viero et al., 2007 was claimed that membrane retention in a submerged membrane treating oil refinery wastewater seemed a higher COD removal efficiency because of the variation of the organic loading in the feed and also the inorganic and/or toxic compounds content increase with the addition of phenolic in wastewater. The characteristic of the phenolic wastewater affected the biodegradation of the feed. The phenolic wastewater is even more difficult for biodegradation, because its characteristics, and generally causes severe impairment to the activated sludge. 

3. TREATING OF MIXED LIQUOR SUSPENDED SOLIDS (MLSS) PROCESS
The occurance of oil-containing wastewater and the corresponding contamination of water sources by oil began with the production and utilization of petroleum and its products. Before the introduction of the wastewater treatment and reuse, it was a common practice to discharge the wastes into rivers or bare surface. However, the strict regulation, increased hauling costs and environmental concerns made oily wastewater treatment a prominent issue for most industries.

The type and concentration of pollutants in given refinery’s effluent depends on the chemical make up of the crude oil and the processes used to make the final products. Refineries use large amounts of water in the refining process and as a cooling agent. This water picks up waste oil and impurities from the refining process. Some impurities are in the crude oil itself such as heavy metals, sulfides and phenols, while others are created during the refining process such as cyanide, dioxin and furans. All of these chemicals can be toxic to aquatic life at very low concentrations. The major problem of oily wastewater is associated with its suitable disposal. The refinery wastewater has been marked as one of key environmental pollutant with great effect on the biodiversity. The reclamation and reuse of such oily wastewaters is needed especially in the oil producing regions because of water scarcity. Though there are several methods for treating the oily wastewater, but still investigation for improving the plant performance in terms of better effluent, improvement quality, cost of effectiveness and to cope with the current development of technology, the search for alternative treatment methods is required.

Activated sludge processes, which treat both domestic and industrial wastewaters, are currently the most widely used biological wastewater treatment process in the developed world. In this process, large amounts of biosolids are formed and the separation, dewatering, treatment and disposal of this sludge represent major investment and operating costs. Also, as many of the existing treatment plants operating on conventional activated sludge process have exceeded their design capacities. Therefore it becomes interesting to modify the activated sludge process in order to meet the challenges thrown. Activated sludge process is one of the alternatives for treating industrial wastes. In this system the final settling tank is a vital part. An improper functioning would result in solids being carried over with the final effluent. Membrane separation technology is agreed to be an attractive alternative for separation instead of a gravity clarifier eliminates many of the solid separation problems. 

3.1 Conventional activated sludge process 
In general, activated sludge process is a continouos or semicontinous aerobic method for biological wastewater treatment. These processes are based on the aeration of wastewater with flocculating biological growth, followed by separation of treated wastewater from this growth. Part of this growth is then wasted, and the remainder is returned to the system. Usually, the separation of the growth from the treated wastewater is performed by settling (gravity separation) but it also be done by flotation and others methods.

The activated sludge process for treatment of municipal wastewater was developed at the Davyhulme Treatment Works in Manchester, England from 1912 to 1914 by Ardern and Lockett (Ardern and Lockett in Kalyandurg, 2003). By means of discontinous aeration experiments, it was discovered that wastewater cannot be exclusively by aeration from the contained pollutants, but that it must be activated with sludge and/ or living microorganisms contained in it. The activated sludge process presently represents the most widespread technology for wastewater treatment. Wastewater treatment plants equipped with the activated sludge process are able to fulfill the most stringent effluent criteria.
The concentration of activated sludge is indicated by the MLSS. The total weight of MLSS (Wds) is made up of the following constituents (Scholz, 2000),


Wds = Wa+ We+Wi
where Wa = active biomass, We = inactive endogenously produced biomass, and Wi = unassimilated portion, which is due to influent suspended solids that are either absorbed or remain unattached.
For the treatment of municipal wastewater, it is assumed that the biological processes are dominated by the growth of heterophilic bacteria (Metcalf and Eddy, 1991). The product of this biological process is designated as biomass. The average composition of biomass and activated sludge is indicated in Table below.
Table 2. Average composition of biomass and activated sludge
	Constituent
	Symbol
	Biomass*
	Activated Sludge**

	Organic carbon
	C
	50 %
	40-45 %

	Hydrogen
	H
	8 %
	-

	Oxygen
	O
	20 %
	-

	Nitrogen
	N
	14 %
	8-10 %

	Phosporus
	P
	3 %
	2-2.5 %

	Loss in ignition
	-
	80-90%
	62-92 %


*Tellez, 2002
**Stepnowski, 2002
Biological treatment processes are economical and efficient methods that can be used for treating wastewater from oil industry (Jou and Huang, 2003). In many refineries, suspended growth system, such as conventional activated sludge (CAS) process, are applied to treat refinery wastewater (Tellez et al.,2002; Stepnowski et al.,2002). However, CAS process has some operational problems, such as the inability to settle the sludge, formation of excessive scum and foam and sludge bulking and requires operators’ skill and large space (Park et al. 1996; Loukidou and Zouboulis, 2001; Xianling et al. 2005). Therefore, it is important that biological treatment systems can be easy to operate and can treat a large mount of wastewater in a space which is as small as possible. As a consequent, some novel biological treatment methods have been developed during recent years. The conventional biological treatment can not surfive to achieve the increase volumetric biodegradation rate due to higher biomass concentration.
3.2 Membrane filtration process

Membrane separation technology has been around for many years, that utilizes a semipermeable membrane for the separation of suspended and dissolved solids from water. Initially, the use of membranes was isolated to a laboratory scale. However, improvements over the past twenty years have made it possible to use membranes on an industrial level. A membrane is simply a synthetic barrier, which prevents the transport of certain components based on various characteristics. Membranes can be liquid or solid, homogenous or heterogenous and can range in thickness. Membranes have advantage of being simple efficient separating devices to hold back oil, grease, metals, BOD, and COD. They can provide clear permeate which can be sewered and reuse. They can also be manufactured to be electrically neutral, positive, negative or bipolar. These different characteristics enable membranes to perform many different separations from reverse osmosis to micro filtration. There are four main categories of membrane filtration. These are determined by pore size or molecular weight cut off,

Table 3. Categories of membrane filtration
	Filtration type
	Particle size
	Molecular weight

	Reverse osmosis
	< 0.001  um
	<  100 Dalton

	Nanofiltration
	0.001 – 0.01 um
	100 – 1000 Dalton

	Ultrafiltration
	0.01 – 0.1  um
	1000 – 500,000 Dalton

	Microfiltration
	> 0.1  um
	> 500,000 Dalton


Source: New Logic Research, A New Standard in rapid Separation

Microfiltration and ultrafiltration are applied when membrane filtration is used to removal of larger particles. Because of the open character of the membranes the productivity is high while the differences are low. When salts need to be removed from water, nanofiltration and reverse osmosis are applied. Nanofiltration and reverse osmosis membrane do not work according to the principle of pores, separation takes place by diffusion through the membrane. The pressure that required for microfiltration and ultrafiltration, while productivity is much lower. It is clear at the diagram below, that multivalentions could through the microfiltration and ultrafiltration membrane. 
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           Figure 2. Membrane Process Characteristics (Koch Membrane System


The membrane technology process provides benefits over conventional activated sludge systems, including a small footprint, high effluent quality, reduced sludge wasting and production, reduced vulnerability to upsets, and improved biological degradation.
Table 4. Advantages and Disadvantages of Membrane Separation

	Advantages
	Disadvantages

	Reduces the amount of treatment chemicals
	May need pretreatment to prevent fouling; pretreatment facilities increase space needs

	Uses smaller space requirements (footprint) ;membrane equipment requires 90 to 95% less space than conventional plants
	Requires disposal of concentrate



	Eliminates residuals handling and disposal
	Works best on groundwater or low solids surface water

	Removes natural organic matter    

(a disinfection by-product precursor) and inorganic matter
	Flux rate (the rate of feedwater flow through the membrane) gradually declines over time

	New membrane design allows use of lower pressures; system cost may competitive with conventional water treatment processes
	Recovery rates may be less than 100%



	Removes bacteria and viruses; may also remove Crypfosporidium
	Lack of a reliable low-cost method of monitoring the integrity of low pressure membrane processes


Figure 3. Flowcharts for conventional wastewater treatment, conventional treatment 
                  including tertiary membrane filtration, and submerged membrane process 
                  (Cicek, 2002)
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More of all, the membrane filtration has a number of benefits over the existing water purification techniques 
· It is a process that can take place while temperatures are low. This is mainly important because it enables the treatment of heat-sensitive matter. That is why these applications are widely used for food production.

· It is a process with low energy cost. Most of the energy that is required is used to pump liquids through the membrane. The total amount of energy that is used is minor, compared to alternative techniques, such as evaporation.
· The process can easily be expanded.

Table 5.   Summary comparison of submerged membrane used in refinery 
                wastewater  treatment
	Membrane material
	Process Condition
	Remarks

	CA
	Treating surfactants containing oil water emulsion
	High efficiency 94-98% in removing COD and TOC was observed at MLSS concentration of 48 g/l

	PEI
	Activated sludge were sample from municipal treatment from CEDAE Rio de Janeiro.  The wastewater was prepared and diluted an influent with COD in the range of 500-600 mg/l. 
	The permeate flux increased with enhacement of air pressure 

	PES
	It was observed that fouling effects were more severe after 90 h of operation. The TMP was required to keep the permeate constant.
	The permeate fluxes had been produced 5 L m-2 h-1 and permeate TOC values  were always lower than 15 mg L-1

	PE
	In this experiment, biomass concentration increased during the operation time in which initial VSS concentration was around 10,000 mg L-1, reached stable values of approximately 12,000 mg L-1 and after 3 days operation were easily maintained without sludge withdrawals.
	The permeate fluxes had been produced 15 L m-2 h-1

	PVDF
	
	The permeate fluxes had been produced 20 L m-2 h-1. TOC result showed the same trend. It ranged from 181 to 227 mg L-1.


4. Process management of membrane filtration systems

Membrane filtration systems can be managed in either dead-end flow or cross-flow. The purpose of the optimisation of the membrane techniques is the achievement of the highest possible production for a long period of time, with acceptable pollution levels. The configuration of membrane along with activated sludge commonly has known as submerged membrane with external or internal submerged membrane as a compact designs, reliable operation and high-quality effluent. Submerged membrane technologies are able to treat wastewater that cannot be treated using conventional techniques. The main force of membrane technology is the fact that it works without the addition of chemicals, with a relatively low energy use, easy and well-arranged process conductions. Membrane technology is a generic term for a number of different, very characteristic separation processes. There are two factors that determine the affectivity of a membrane filtration process; selectivity and productivity. Selectivity is expressed as a parameter called retention or separation factor (expressed by the unit l/m2·h). Productivity is expressed as a parameter called flux (expressed by the unit l/m2·h). Selectivity and productivity are membrane  dependent.
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Figure 3. Selectivity and Productivity of the membrane
Pressure-driven processes use hydraulic pressure to force water molecules through the membranes. Impurities are retained and concentrate in the feedwater, which becomes the reject water or concentrate stream. The permeate, the water that passes through the membrane, is recovered as product or pure water. In the electrically-driven membrane process, electric current is used to move ions across the membrane, leaving purified water behind. In this process, the ions are collected in the concentrate stream for disposal. The product water is the purified feedwater. 
4.1 Performance of the submerged membrane activated sludge process

A submerged membrane process, in which membranes are directly submerged into an aeration tank, was developed by Yamamoto et.al (1989). Early interest in membrane use for biomass retention in an activated sludge process had started mainly from Japan. Membrane obviate the need for both primary and final sedimentation  tank thereby resulting in a considerable space saving. Additionally, high levels of MLSS were reported to effectively achieve nitrification and denitrification without the need for extended aeration (Ochoa et.al 2003). They described a pilot trial collective night soil biological denitrification using a tubular membrane in an activated sludge process. These authors showed that the investment and operational cost of the membrane process treating 100m3/d collective night soil was less than or equal to a conventional system but required less land, supervision, and energy consumption. 
Submerged membrane system are quite energy intensive and while they favorable for highly concentrated feed such as oily wastewater from refinery industries. For this reason, Chiang et al.(2004) has investigated the use of hollow fiber membrane in an activated sludge process. In this study hollow fiber bundle was immersed in the aeration tank, permeate was withdrawn by application of a vacuum and sludge build up around the fibers was minimized by agitation of the fluid. It was reported up to 90% of nitrogen removal and a mean permeate COD 20.8 mg/l.

The availability of the energy efficient of membrane modules for ultrafiltration would be reasons for many researchers to realize new process engineering in industries or municipal wastewater treatment. They all reported COD and BOD removal efficiencies higher than 95%. Sludge concentrations varied from 15 to 25 g MLSS/l. Wang et al. reviewed the applications of submerged membrane in China from 1991 to 2006 for commercial applications total of 254 plants for municipal and industrial wastewater treatment and other aspects like gas removal and microbial fermentation. These plants with large treatment capacity will be built due to the great need of water reclamation and reuse and have potential area to develop many applications. 
In a feasibility study of applying submerged membrane process to treat surfactants containing oil water emulsion, high efficiency (94-98%) in removing COD and TOC was observed at a MLSS concentration of 48 g/l (Schloz and Fuchs, 2000). In another study, hydrocarbon aggregation on bacterial flocs was observed leading to larger particles, which significantly increased the flux (Jou and Huang,2002).
4.2. General understanding of membrane fouling of submerged membrane process
A number of researchers dedicated their efforts to study of causes and mechanism of membrane fouling from the following aspects such as soluble microbial products (SMPs), extracellular polymeric substance (EPS), bulking sludge, sludge components, sludge cake layer, low temperature operation, influent characteristics, sludge concentration and other perspectives. 
Fouling of membrane occurs with the application of submerged membrane process. Fouling depends on the characteristics of foulant and membrane materials. The major contribution to fouling is the different solute fractions resulting from activated sludge. Suspended solid constituents that contribute to membrane fouling consist mainly of bacterial flocs with a concentration depending upon he sludge age, colloids and dissolved molecules ( Marsueli et al., 2009). Many inorganic elements dissolved in oily wastes can also play a significant role in fouling membranes.

Since the effects of fouling in permeate flux were different among the amounts of accumulated permeation/air backwashing cycle. This cycle was selected because it has better results in long-term runs than short schedule, due to cake compression. 
5. Future Direction of the submerged membrane activated sludge process and market share
From the above literature review, it can be concluded that submerged membrane process are rapidly gaining inroads into refinery wastewater treatment. Hybrid system of submerged membrane technology will be deliver as further research because has numerous benefits over conventional wastewater treatment processes obviously. More research is needed in this area of study. The types of plants as biological treatment could be designed to meet required effluent standards. Submerged membrane separation process will be developed to utilize high biomass. At high biomass concentration, conditions for growth and metabolism are less favorable due to hindered access. The current literature lacks in this regard. It is hoped that the study would bridge this gap and develop hybrid system as a further research for refinery wastewater treatment.
It is necessary for further research to develop more effective and easier methods to control and minimize membrane fouling especially in a large scale applications due to the growing the market development of membrane specially in submerged membrane process, also necessary to lower the cost.
6. Conclusion

In the past, the use of membranes has been limited by two factors such as other technologies were capable of meeting less stringent treatment or disposal requirements, and membrane systems had higher capital and operating costs than other technologies offering similar performance. 

Because of the improvements made in membrane technology and the imposition of new water quality requirements that exceed the capabilities of existing treatment processes, membranes are now cost-competitive alternatives for many treatment applications. With the new low pressure membranes, the energy requirements and operating costs have been significantly reduced. For each individual application where membranes are being considered, the characteristics of the water to be treated and the performance requirements have to be carefully evaluated. The membrane market is entering an era of rapid growth. Many communities that have relied on conventional technologies in the past to solve their water quality problems are now turning to membranes. Membrane applications offer solutions to many difficult water quality applications, now at an affordable cost.
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