Optimization ofOptimized UF Ultrafiltration Backwash with Real-Time Optimization Control of Coagulant Dosing
[bookmark: _GoBack]Over the past two decades, reverse osmosis (RO) has emerged as the leading technology for seawater and brackish water desalination. However, membrane fouling remains a major challenge for robust RO operation. Hence, effective RO feed pre-treatment is vital to long-term operation of an RO desalination system. Among st the existing RO pre-treatment technologies, Uultrafiltration (UF) membrane technology filtration has proven itself to be effective in a consistently producing high quality filtrate for RO feed. One of the major advantages of UF membrane pre-filtration is the ability to reverse flow through an UF module and remove the foulant layer in a process known as UF backwash. After a physical UF backwash, irreversible fouling (i.e., the foulant portion of the foulant layer which is not removed and remains on the membrane surface or pores) surface is irreversible fouling. must eventually be removed Irreversible fouling is typically removed through chemical cleaning. This latter step adds to the cost of water treatment washing which is economically inefficient due to chemical consumption and possible system stoppage. In order to make UF operation more robust (i.e., lengthen operation before chemical cleaning is needed), the efficiency of UF backwash must be improved. In this regard, tThe use of coagulation for pre-treatment has proven to be effectiveimproved both  at improving UF efficiency of UF foulant removal and the quality of UF filtrate quality and improving UF fouling removal. Studies have shown that UF backwash effectiveness improves with increasing as coagulant dose increases up to a certain threshold, beyond which UF backwash effectiveness no longer improves as coagulant dose increases. Excessive coagulant dosing can lead to fouling of the RO membrane (i.e., due to coagulant passage through the RO membrane), suboptimal UF performance and increased the cost of UF treatment. Therefore, it is imperative to utilize the optimal coagulant dose which in turn is dependent on feed water quality that is often temporally variable. Accordingly, in the present work the optimal coagulant dose to use for UF operation is this threshold, where maximum UF backwash effectiveness is achieved while coagulant is being used efficiently. This dose may be difficult to calculate since feed water quality is known to fluctuate both short term as well as seasonally, and having a static coagulant dose can lead to suboptimal UF operation. Therefore, a method which is able a new approach was developed for to adjust the real time optimization of coagulant dose, along with self-adaptive (self-triggering) of UF backwash, making use of the  in real-time is vital for robust, long-term UF operation. A method is proposed where the change in the initial UF filtration resistance is used as a measure of UF backwash effectiveness. A novel controller was is designed where the value of change in initial UF filtration resistance is used to determine whether the coagulant is being underdosed or overdosed, and coagulant dose is changed accordingly. This The controller was implemented on a pilot seawater desalination plant (capable of 18,000 GPD production of fresh water) and deployed in a seawater desalination field study. The controller performance was evaluated with respect to its performance during a storm event (i.e., worsening feed water quality) and its ability to reduce coagulant consumption. Results of the study demonstrated that significant coagulant savings can be achieved through real-time coagulant dose optimization while allowing the UF system to cope even with the most severe episodes of poor water feed quality. UF product water was consistently of high quality and enabled fouling free operation of the RO system over a period of several years without the need for chemical cleaning of the RO elements.
