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1.Introduction 
Among various technologies available for potable 

water production, the treatment of wastewater is an 

established technology in several countries such as 

the USA, Persian Gulf and European countries [1]. 

On the basis of working energy principle, 

desalination processes are classified into two classes 

namely thermal processes which involves phase 

change due to addition of heat and also membrane 

processes that involve pressure energy. Further 

thermal processes can be classified into multi-effect 

evaporation (MEE), multi stage flash (MSF) and 

vapor-compression (VC) processes. Membrane 

processes can be classified into RO and 

electrodialysis (ED) processes. Among these 

different technologies for wastewater treatment, MSF 

processes has many features such as it is large  scale 

operation and has ability to deliver good quality 

potable water [2]. Water treatment operation was 

started during early part of 20th century. Water 

treatment is a complex process which requires 

efficient and accurate control system in plant to 

maintain operation at optimum condition so that it 

will cause minimum product cost and prevention of 

scale formation.  Control systems are of two types 

one is conventional strategies and other one is 

advanced control.  
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In conventional strategies there are PID, ratio cascade 

and feed forward while in advanced control it 

includes time delay compensation, override 

controller, dead time compensation etc. There are 

some external disturbances in a plant, these 

disturbances are measured by sensors and they are 

temperature, pressure, flow rate, pH and 

concentration. Then a signal is transferred to a 

controller and then it takes correct action of open or 

close of a valve. Then the corrective action should 

bring the system back to the set point. 

 

2.Processes used in wastewater industry 
2.1 Reverse osmosis process 
Reverse Osmosis (RO) is a process which is used for 

production fresh water. Reverse osmosis process is 

capable of producing fresh water by applying high 

pressure into feed side surrounded by a semi-

permeable membrane. The applied pressure has to be 

larger than the osmotic pressure. The fresh water 

production rate is dependent on the concentration salt 

present in in the feed water and on membrane 

properties example selectivity and permeability [3]. 

Figure 1 shows reverse osmosis plant setup for 

wastewater treatment. The reverse osmosis process 

includes feed and product treatment system, 

membrane module, feed pumps and energy recovery 

turbines. RO process can be described as following. 

First of all, feed water is treated chemically and 
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mechanically to reduce deposition of dust, mud and 

compounds such as magnesium and calcium and 

fouling material, non-condensable gases comes out 

and they require desecration. Water pressure is 

maintained using feed pump and then this high 

pressure feed stream enters in the membrane, fresh 

water passes through the membrane while dissolved 

salts are rejected by the membrane. High pressure 

energy of brine is recovered by turbines and product 

water is then treated to maintain its pH to neutrality 

[4]. The energy demand for wastewater treatment 

was found to be higher by 41% for multistage and 

13.3% for single stage treatment. This was achieved 

by continuous research and development of fouling 

resistant membrane and energy efficient electrical 

and flow equipment. Concentration polarisation and 

membrane fouling, both problems encountered in 

reverse osmosis process. These factors reduce 

permeate flux and productivity loss. There is 

requirement of suitable control system so that it is 

operated in cyclic manner and performance is 

maximized [5]. 

 

Figure 1 Reverse osmosis plant setup for wastewater treatment 

 

2.2Control loops in RO process 
Figure 2 shows elements of a control system. 

Following control loops has been designed by 

different researchers for Reverse Osmosis process.  

In control loop of reverse osmosis process the main 

objective is to maintain a constant product rate with 

acceptable purity. Authors  has used on/off system in 

reverse osmosis process and Alatiqi et al., 1999 has 

used first multi loop control loop which has one 

pressure controller and two pH controller. The first 

control loop is for feed pH and controlled by 

measuring pH of the feed while the second loop is for 

feed pressure where the measured pressure of the 

feed stream and permeate flux both adjust the valve. 

In case if there is decrement in permeate flux below 

the desired set point then a signal is send to the valve 

which increases feed pressure and it causes increases 

in driving force for permeation. Ali et al., 2010 has 

used model predictive control algorithm for reverse 

osmosis and they have considered two output 

variables such as permeate flow rate and 

concentration and manipulated variables includes 

feed pressure and brine flow rate. This control 

strategy is more realistic and also closer to the 

industrial practice. This model predictive control 

technique is better as compared to the PI controller 

because of several advantages such as good 

robustness characteristics and the change is adequate 

even if there are considerable changes in parameters 

of system. Dynamic Matrix Control is a predictive 

control technique. It is first developed at the Shell oil 

company [6].The DMC approach has the ability to 

allow plant with operation with various permeate 

flux, without affecting overall operation and also 

product quality. The model controls five system 

parameters such as pH, feed temperature, flux, 

permeate pressure and permeate conductivity [4]. 

However, Abbas, 2006 has used dynamic matrix 

control algorithm for controlling reverse osmosis unit 

on a hollow fiber membrane. Author has considered 

two cases where in first case the permeate flux was 

controlled by manipulation of feed pressure and in 

second case both the permeate flow rate and 

conductivity were controlled by adjusting the feed 

pressure and pH. Similarly Robertson et al., 1996[7] 

has also used the Dynamic Matrix Control algorithm 

for the control of a reverse osmosis (RO)  wastewater 

treatment pilot plant and two output variables were 

selected such as production flow rate and product 

water electrical conductivity. However Bartman et al. 

2009[8] has used model-predictive control algorithm 

to a high capacity reverse-osmosis (RO) process with 

the utilisation feed flow reversal. The authors 

developed a dynamic nonlinear model that was used 



International Journal of Advanced Technology and Engineering Exploration. Vol 3(22) 

147 

 

for simulation and Closed-loop simulations showed 

the ability of nonlinear model-predictive control to 

induce transition from high to low flow steady states 

in an optimal way while subjected to plant–model 

mismatch.  

 

 
Figure 2 Elements of a control system 

 

2.3Simulation techniques used for reverse osmosis 

process 

In Reverse osmosis process, IPSE (integrated process 

simulation environment) software suite is used to 

define simulation equations for different module, and 

further to connect those modules using a graphical 

interface.  This software gives simple and rapid 

simulation. This software is open ended that means 

any equation can be defined by developer. ILF has 

been developed modules appropriate to the 

wastewater treatment processes, including reverse 

osmosis. The purpose behind development of 

wastewater treatment modules in the IPSE software is 

to allow simulation of different components in one 

simulation environment and not having to transfer 

data from one simulation tool to another[9] [10]. 

 

2.4Multi-stage flash distillation (MSF) process 
 Wastewater treatment plays an important role in 

fresh water supply all over the world because of 

scarcity of water.  More than 56% of the total fresh 

water is produced by wastewater treatment 

technologies under MSF process. Large scale plants 

adopt this process.  Thus, the improvement in their 

reliability and efficiency avoiding possible material 

degradation and damages are a very important issue 

to maintain the water costs at an acceptable. 

Nowadays thermal distillation process is very popular 

for production of drinking process, this process 

converts brackish water or wastewater into potable 

water and the steam is provided from the turbine and 

generators. Vapor compression, multi-effect 

distillation and multistage flash distillation are some 

conventional thermal treatment methods in which the 

MSF system is more common than the other systems. 

65% wastewater treatment plant in the world uses 

MSF technique [11]. Figure 3 shows Multi-stage 

flash distillation (msf) plant setup for wastewater 

treatment. The MSF process consists of flashing 

stage, vaccum system, brine heater, control loops and 

pumping units. 

 

2.5Control loops in multi- stage flash distillation 

(MSF) process 

Following control loops has been designed by 

different researchers forMulti- stage flash distillation 

(MSF) process: For development of a successful 

control system there is requirement of a proper 

definition of control system and a dynamic model on 

which we can perform designing, analysis and 

evaluation. For MSF several dynamics model were 

found in the literature. In MSF the preheated brine 

which leaves the last evaporator is heated in the brine 

heater until the saturation temperature is reached but 

also avoids the formation of scale in the heater. The 

control loop of MSF process has single input and 

single output system. Tayyebi et al., 2014[11] has 

proposed a neural network inverse model based 

control strategy for the MSF plant and then 

performance of MSF plant has been demonstrated by 

applying it for multistep set point tracking when the 

disturbance is present and then he has validated the 

model. Kotb et al., 2014 has used MSF model was 

used to design a MSF unit and feasibility of using 

MSF plant was found in proximity of a 650 MW 

power plant. El saie and hafez., 1994 has used 

conventional PID controllers which were tuned to 

their minimum integral absolute error for 

disturbances regulation in the plant. Performance of 

plant was measured by introducing a step change 

inthe set point of controller during load changes. 

Woldai et al., 1996[12] has simulated a plant with 18 

stages. The model used a speed up flow sheet and 

containing 153 variables, six inputs and six outputs 

and it was found that fixed controllers are not suitable 

for this MSF plant thus author has proposed to use 

conventional PID controllers.  
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Figure 3 Multi-stage flash distillation (msf) plant setup for wastewater treatment 

 

2.6Simulation techniques used for multi-stage 

flash distillation (MSF) plant 

Gambier et al., 2004[13] has used SPEEDUP for 

simulation of MSF plant. This is a domain specific 

software package for chemical processing 

engineering. That why this is not available for control 

engineers. Specific software has been developed for 

simulation of MSF plant using programme language. 

Commercial software are used such as MATLAB, 

SIMULINK and MODELICA/DYMOLA. Using 

these software’s models for different plants can be 

constructed by adding, removing, customizing pre 

constructed module and enabling reuse of modelling 

knowledge. To simulate the demisters Eulerian-

Lagrangian model was developed. This model was 

used for flow of water vapour simulation and brine 

droplets in demister. 

 

3.Conclusion 

Following conclusion were carried out from this 

review paper. 

 Current practice adopts use of PID and PI 

controllers in wastewater treatment plants 

 Dynamic matrix control provides better control 

than PI control thus they are suitable to use in 

wastewater treatment plants 

 Reverse osmosis process and multistage flash 

distillation process both are efficient for large 

scale wastewater treatment with high flux and 

rejection over long operational periods. 

 Reverse osmosis process and multistage flash 

distillation processes offers the low water cost 

and they are the best selection for wastewater 

treatment if fuel price are increased. 
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