
IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 5, May 2020 
ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

 www.ijiset.com  

136 
 

Control of Membrane Desalination Plant 
Z. E .HamadP

1
P, G.A.GasmelseedP

1
P, I.S.Almutaz P

2 

1* Department of Chemical Engineering, Faculty of Engineering, University of Science and Technology. 2*College 
of Engineering, King Saud University. 

Telephone: +966591042555, +249919634134, +966505420278 

ABSTRACT: It is known that the water desalination industry was started early in the 20th century, true expansion and spread of 
this industry have occurred since the 1960s. The multi-stage flash (MSF) unit and reverse osmosis (RO) process are the most 
popular desalination systems for the industrial standard. In recent years, the market share of RO desalination has widely 
expanded due to significant improvements and advantages in membrane technology. To obtain feasible operating conditions of 
the RO desalination system, an efficient and accurate process model is necessary. The control of the reverse osmosis desalination 
plant of brackish water by membranes techniques in Mowah water treatment plant in Saudi Arabia was investigated. The 
objective of this work is to select the suitable controllers and the appropriate tuning methods. The control loops are designed for 
controllability and performance. These loops are:  (a) control of pressure through speed of the pump motor, cascaded with flow of 
feed control, and (b) control of gas dosing in produced water. The mathematical model for each loop was determined using 
MATLAB toolbox system. Having identified the transfer functions, each loop was closed and the characteristic equation was 
obtained from the overall transfer function. Using Zeigler- Nichol’s (Z-N) tuning method, adjustable parameters were obtained. 
These were used to investigate the stability and system response upon a unit step change in the set point using proportional  (P), 
proportional integral (PI) and proportional integral derivative controller (PID).The controller that gave the minimum overshoot is 
selected (for loop 1: 30.9% and loop 2: 65.6%) ,these are found to be a proportional controller (P) for each loop. 
 

I. NTRODUCTION 
 

A. Reverse Osmosis Desalination 

Water shortages in many areas of the world have increased the need for smarter and more efficient methods for production of 
drinking water, production of water for agricultural uses, as well as wastewater reuse. Reverse osmosis (RO) membrane 
desalination has emerged as one of the leading methods for water desalination due to the low cost and energy efficiency of the 
process [1]. Lack of fresh water sources has necessitated further development of these desalination plants, especially in areas with 
dry climates. Reverse osmosis is one of the primary means of desalination along with multi-stage flash (MSF), multiple effect 
distillation (MED), and others. Out of these technologies, reverse osmosis has been proven to be, in most cases, more 
environment-friendly, energy efficient, and cost effective[2].Brackish water contains a level of salinity between fresh and sea 
water. While undiluted seawater contains approximately 35,000 mg/L of total dissolved solids (TDS), brackish water contains 
approximately 1,000 to 15,000 mg/L TDS[3]. 

B. Process Control 
Process control has become increasingly important in the process industries as a consequence of global competition, rapidly 
changing economic conditions, and more stringent environmental and safety regulations. Process control is also a critical concern 
in the development of more flexible and more complex processes for manufacturing high value added products. One of the 
complex and difficult in process control is control tuning. Process tuning is a key role in ensuring that the plant performance 
satisfies the operating objectives. In control tuning, feedback control was used. Feedback control is that the controlled variables 
are measured and the measurement is used to adjust the manipulated variables and the disturbance variable is not measured 
[4].This controller is used to make tuning in process control. The selection made on the basis of the general characteristics of the 
different feedback controllers are the most practical. There are three major type of feedback controller, proportional controller 
(P), proportional-integral controller, (PI) and proportional-integral-derivative controller, (PID)[4].There are three parameters 
must be tune to achieve optimum value (Proportional gain, kc, integral time, τI and derivative time, τD .Between the measuring 
device and final control element comes the controller; it is considered as the brain of the control loop. The controller performs the 
decision operation in the control system. Its function is to receive the measured output signal ym(t) and after comparing it with 
the set point ysp to produce the actuating signal p(t) in such a way as to return the output to the desired value ysp. Therefore, the 
input to the controller is the error  ϵ(t) = ysp- ym(t) , while its output is p(t). [5].The block diagram for the feedback controller is 
shown in figure 1. 
Set point, ysp 
 
 
Input signal, ym                                                     Output signal p 
(From transmitter)                                              (To final control element) 

 
Figure 1: Block diagram for the feedback controller 

Controller s.p + 
- 
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In a cascade control configuration there is one manipulated variable and more than one measurement. The simplest cascade 
control scheme involves two control loops that use two measurement signals to control one primary variable. In such a control 
system, the output of the primary controller determines the set point for the secondary controller. The output of the secondary 
controller is used to adjust the control variable. Generally, the secondary controller changes quickly while the primary controller 
changes slowly. Once cascade control is implemented, disturbances from rapid changes of the secondary controller will not affect 
the primary controller. [6]. 
 

II. MATERIALS AND METHODS 
• Case study Mowah water desalination plant 

Overall system response is determined, mathematical model is used to investigate how the behavior of a chemical process 
changes with time under the influence of changes in the external disturbances and manipulated variables.  

1-  Flow Diagram of the Mowah Plant 

Stage 1

Stage 1

Stage 2
V-17

E-3E-4

Concentrate 
Valve 

Concentrate

HPP

Cartridge 
Filter

Sand FilterFeed Pump
Permeate

Raw Water
Tank

P-98

P-99Well Water

Pre-chlorination

Anti-scalant

SMBS

Blending

Post-chlorination

CO2 - Degasing

NOH

Product  Water
Tank

Pumping station

Reference flow sheet of Brackish Water Desalination plant 

Fig 2: Flow sheet of brackish water desalination plant (Mowah plant) 
The raw water is conveyed by frequency controlled pumps to the high capacity filters where all suspended particles or flocs are 
retained. After the sand filters the water is going through a fine filtration system (Polisher) of five micron followed by the booster 
pumps to the reverse osmosis unit’s Partial stream of the pre-treated water is delivered to the treated water tank as blending 
water. Chlorine concentration of the water is measured after the sand filter group to supervise the process. Before the reverse 
osmosis desalination plant the water is de chlorinated by dosing of Sodium-Bisulphite. The dosing is adjusted proportional to 
flow and chlorine concentration.  An ORP (Oxidation Reduction Potential) device as well as a Chlorine control is installed after 
the HPP to supervise the rest of Chlorine.  The pH of the water is controlled and adjusted by dosing of acid if necessary.  An anti 
scaling dosing is also provided to prevent any precipitation inside the reverse osmosis. The dosing is proportional to flow. The 
recovery (production percentage)of the reverse osmosis will be approximately 75 %. After the reverse osmosis desalination plant 
the permeate is de-aerated, chlorinated and conveyed to the blended treated storage tank which also provides the required 
chlorine contact time. The pH of the water is controlled and adjusted by dosing of caustic soda. The Chlorine dosing point is 
located in the pipe going into the storage water tank. 
Table 1: Raw water characteristics. 

Parameters Unit Results 
1.PHYSICAL ANALYSIS 

CONDUCTIVITY µS/cm 3780 
TOTAL DISSOLVED SOLIDS PPM 3024 

pH @ 25 ° C  6.91 
TURBIDITY NTU 0.33 

U2.CHEMICAL ANALYSIS 
UCATIONS 

CALCIUM Ppm 568 
IRON Ppm 0.03 

MAGNESIUM Ppm 111.9 
UANIONS 

BICARBONATE (CAL) Ppm 200 
NITRATE Ppm 22.10 

CHLORIDE Ppm 443.10 
SILICA Ppm 22 

SULFATE Ppm 1300 
OTHERS 

TOTAL HARDNESS as CaCOR3 Ppm 1880 
METHYL-ALKALINITY as (CaCO3) Ppm 164 
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• Cascade Control 
Based on operation conditions of the reverse osmosis desalination Mowah plant of brackish water by membranes techniques 
shown in table (2), control strategy was developed as shown in figure (4). The block diagrams were constructed, the transfer 
functions of loop1 (high pressure motor pump and flow meter) and loop 2 (chlorine gas dosing) were identified, and the 
characteristic equations were calculated. Stability analysis, tuning and simulation responses were obtained. Also to ensure the 
water quality is under control ,samples of  water are collected from different samples points ,like raw water before sand filter , 
raw water after sand filter , raw water after cartridge filter before RO , second stage , permeate water , product water ,and reject 
water and analyzed in the laboratory  ,the result as shown in table (3) 
Table 2: Operating conditions of Reverse Osmosis Desalination Plant by Membranes.(Mowah plant) 

Parameters Units Values 
Feed Flow (m³/h) 500 

Permeate Flow (m³/h) 375 
Concentrate flow (Reject) (m³/h) 125 

Recovery rate (%) 75 
High pressure (Bar) 12 

2 P

nd
P stage pressure (Bar) 11 

Concentrate pressure (Reject) (Bar) 8 
Number of stages - 2 

Number of pressure vessels - 63 
Number of membrane /vessel - 6 

 
Table 3: Physical and chemical analysis of Raw Water and Produced Water  

PARAMETERS Unit 

Samples points 
Raw 

Water 
Before 
Sand 
Filter 

Filtered 
Water 
Before 

Cartridge 
Filter 

Filtered 
Water After 

Cartridge 
Filter 

2nd Stage 
Water 

Permeate 
water 

Product 
water 

Reject 
water 

1.PHYSICAL ANALYSIS 
CONDUCTIVITY µS/cm 3780 3790 3760 7990 176.6 566 12400 

TOTAL DISSOLVED SOLIDS Ppm 3024 3032 3008 7191 65.342 328.28 11160 
pH @ 25 ° C  6.91 6.91 6.97 7.04 5.86 7.31 7.25 
TURBIDITY NTU 0.33 0.31 0.23 0.48 0.43 0.22 0.73 

U2.CHEMICAL ANALYSIS 

UCATIONS 
CALCIUM Ppm 568 576 560 1280 5.2 52 1108 

IRON Ppm 0.03 0.01 0.01 0.02 0.01 0.01 0.02 
MAGNESIUM Ppm 111.9 107 109 267.6 1.94 9.73 224.6 

UANIONS 
BICARBONATE (CAL) Ppm 200 205 109.5 434.3 20.1 50 749.1 

NITRATE Ppm 22.10 16.5 13.8 72.7 8.1 13 45.3 
CHLORIDE Ppm 443.10 521 514 1051 30.1 60.3 1891 

SILICA Ppm 22.00 22.3 23.7 48.6 3 3.4 80.6 
SULFATE Ppm 1300.00 1300 1300 3050 10 120 5077 

OTHERS 
TOTAL HARDNESS as CaCOR3 Ppm 1880 1880 1850 4300 21 170 3692 

M-ALKALINITY as (CaCO3) Ppm 164 168 159 356 16.5 41 614 
 
According to the above results shown in table 3 the treaded final product water from reverse osmosis plant via membranes 
technique is within the range compared with the Gulf standard and world health organization standard specifications. Gulf 
standards shown on table 4. 
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Table 4: Gulf Standard Specifications for Un bottled Drinking Water  

 
•  Developed Control Strategy  

 
Figure 3:Developed Control Strategy for Brackish Water Reverse Osmosis Desalination Plant by Membranes 

Techniques 
A. Control of Pressure through Speed of the Pump Motor, Cascaded with Flow of Feed Control   
Loop 1: 

 
Figure 4: High pressure motor pump and flow meter section (Loop 1) 
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Primary and Secondary Loop:-  
4.1.2.1.1 Transfer Functions Identification:  
GR (c2)R =Kc……………………………………...……..................…..…………………………………………….……….….(1) 
GR (v)R = 1

0.1𝑠+1
 

…………………………………….....…….................................................................……..…..…..….………...…...(2) 
GR (p2)R = 
1

5𝑠+1
…………………………....…......…….........................................………………………….………....……….……...(3) 

GR (m2)R = 1
02𝑠+1

…………………………….….…….....................................................……………………………….............…….(4) 
GR (p1)R = 
1

02𝑠+1
…………………………….….…….....................................................………………………………………..…….(5) 

GR (m1)R = 
0…………………………….….…………....................................................………………………………………….….(6) 
 

Gc1 Gc2 Gp Gp1

Gm2

Gm1
P-1

SP

SP

 
Figure 5: Block diagram of loop (1) 

 
Analysis of Stability and Tuning of Loop 1(Secondary) 

A. RouthHurwtz Analysis: 
 Calculation of the characteristic equation: 
OLTF = 𝐾𝑐2

(0.1𝑠+1)(5𝑠+1)(0.2𝑠+1)
………...………………..….…………… ...……....................................................................…..(7) 

The characteristic equation: 
KC2 + ((0.1𝑠 + 1)(5𝑠 + 1)(0.2𝑠 + 1) = 0……………...………….............................……………………………………….(8) 
• Application of Routh array  
• Number of rows = n+1  
• Number of rows = 3+1=4 

⎣
⎢
⎢
⎢
⎢
⎡

0.1                               5.3

1.52                    1 + 𝐾𝐶2

𝑏1                                    0  
𝐶1                                    0  ⎦

⎥
⎥
⎥
⎥
⎤

 

The ultimate gain ku = 79.6 
B.  Direct Substitution: 

Determination of the ultimate period by direct substitution method (ωco):  
The characteristic equation: 
0.1𝑆3 + 1.52𝑆2 + 5.3𝑆 + (1 + 𝐾𝐶2) = 0…………………………...……..........................……………………………………(9) 
The ultimate period        Pu= 0.863 sec 

C.  Root Locus Method:  
The OLTF of loop 1: 
OLTF = 𝐾𝑐2

(0.1𝑠+1)(5𝑠+1)(0.2𝑠+1)
……………………………..................……………………………………………………….….(10) 

GV + 

- 
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Figure 6: Root Locus plot of loop1 

The ultimate gain ku = 78.5 
The ultimate period        Pu = 0.867 sec 

D.  Bode Plot Method: 
The OLTF of loop 1:  
OLTF = K𝑐2

(0.1𝑠+1)(5𝑠+1)(0.2𝑠+1)
................................................... ...……..................................................................................(11) 

 
Figure 7: Bode plot of loop1 

• At -180 ωco= 7.41 (rad/sec)  
Ku = 78.1 

• The Average of Ultimate Gains and Ultimate Periods: 
KU (average) = 𝐾𝑈(𝑅) + 𝐾𝑈(𝑅−𝐿) +  𝐾𝑈(𝐵)   

3
 …….…………………………..........................................……................…….(12) 

KU (average) = 79.6+78.5+78.1   
3

   = 78.7 

PU (average) = ��(�)  +      ��(�−�)  +      ��(�)   
3

……………………......................................................................………..(13) 

PU (average) = 0.863+0.867+0.847   
3

   = 0.859 sec 
Table 5: (Ziegler-Nichols) Tuning parameters by using Ku and Pu. 

Type of Controller Kc ��,� ��,� 

P 39.370 - - 
PI 35.433 0.718 - 

PID 47.244 0.431 0.1078 
For Reduction: 
Overall T.F [G(s)] = ��

1±��
……………………………….………………...……………….…...(27) 

Π F = Kc2. 1
01�+1

 . 1
5�+1

 

G(s) = 3.94�3+59.05�2+208.7�+39.37

0.05�5+1.26�4+10.4�3+9.34�2
−190.4 �−38.37

 

Primary Loop:  
4.1.2.2.1 Transfer Functions Identification:  
G (c1) =Kc ……………….......................................…….........................................................................................…....(14) 
G (p1) = 0.8

(4�+1)(�+1)……………...……......................................................................................................................................…(15) 
G (m1) = 0.5 
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Gc G(s) Gp1

Gm1
P-75

+

Reduction diagram

P-76

P-77

-

Figure 8: Block diagram for reduction of loop (1) 
Analysis of Stability and Tuning of Loop 1(Primary) 

A.  Root Locus Method:  
The OLTF of loop 1: 

OLTF = ��1(1.97�3+29.53�2+104.35�+19.69)
(0.01�6+0.302�5+3.34�4+12.3�3+28.7�2  +198.07�+38.37

   .……… ...……..............……………………………………..…….(16) 

 
Figure 9: Root Locus plot of loop1 

The ultimate gain ku = 6.16 
The ultimate period  Pu = 0.8702 sec 

B. Bode Plot Method: 
The OLTF of loop 1:  
OLTF =��1∗�∗0.5

0.2�+1
.............................................................................................................................................................................(17) 

 
Figure 10: Bode plot of loop1 

• At -180 ωco= 7.23 (rad/sec)  
The ultimate gain ku = 6.061 

• The Average of Ultimate Gains and Ultimate Periods: 
KU (average) = ��(�−�) +  ��(����)   

2
 …………………..….…………………………………………………………………..(18) 

KU (average) = 6.16+6.06   
2

   = 6.11  

PU (average) = ��(�−�)  +      ��(����)   
2

   ………………….………..…………………..………………………………………(19) 

PU (average) = 0.870+0.870   
2

   = 0.87 sec 
Table 6: (Ziegler-Nichols) Tuning parameters by using Ku and Pu. 

Type of Controller Kc �� �� 
P 3.055 - - 
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PI 2.75 0.73 - 
PID 3.67 o.43 0.19 

Root Locus plot, Bode plot, response curves and overall transfer functions were generated by MATLAB software with formats. 
 Simulation of the System for (loop 1): 
System Response for P-controller: 
The overall transfer function: 
Using Ziegler-Nichols (Z-N) table for P-Controller: Kc = 43.515  
The overall transfer function and the system response for P-controller were determined using MATLAB software.  
The overall transfer function:  
 
 
 
 
 
 
 
The system response for P-controller:  

 
Figure 11: System response of loop 1 using P- Controller 

Table 7: Characteristics of closed loop response with P-controller 

ƺ <1  
The system is under damped. 
System Response for PI-Controller: 
The overall transfer function and the system response for PI-controller were determined using MATLAB software.  
 The overall transfer function:  
The system response for PI-controller: 

 
Figure 12: System response of loop 1 using PI-Controller 
The System is unstable 
System Response for PID-Controller: 
Using Ziegler-Nichols (Z-N) table for PI-Controller Kc = 52.218 
The overall transfer function and the system response for PID-controller were determined using MATLAB software.  

Characteristic Value 
Overshoot (%) 30.9 

Peak Amplitude 7.26 
Rise time (sec) 0.35 

Settling time (sec) 2.74 
Steady state(Final value) 5.54 
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- The overall transfer function:  
The system response for PID-controller: 

 
Figure 12: System response of loop 1 using PID-Controller 

Table 8: Characteristics of closed loop response with PID-controller 
Characteristic Value 
Overshoot (%) 80.4 

Peak Amplitude 3.61 
Rise time (sec) 0.142 

Settling time (sec) 6.57 
Steady state 2 

ƺ <1  
The system is under damped overshoots. 
Table 9: Overshoot of Different Types of Controllers: 

Type of controller Overshoot (%) 
P 30.9 
PI System unstable 

PID 80.4 
Due to the minimum overshoot the P-controller is selected. 
B. Control of the Chlorine gas dosing (Loop 2):  

 
Figure 13: Chlorinator section (Loop2) 

 
Loop 2:  
Transfer Functions Identification:  
G(c) =Kc …………..……....…….................................................................................................................................…….…….(20)  
G (v) = 1

0.3𝑆+1
……….....................................................................……………………………………….......................…………(21)  

G (p) =. 1
10𝑆+1

...................................................................................................................................................................................(22)  

G (m) =. 1
0.2�+1

....... ...…….................................................................... ...…….....................................................................…….(23) 
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Figure 14: Block diagram of loop (2) with identified transfer functions 

Analysis of Stability and Tuning of Loop 2:  
A. Routh-Hurwtz Analysis:  

 Calculation of the characteristic equation:  
OLTF = ��

(0.3�+1)(10�+1)(0.2�+1)
………...……...................................................…………………………………..........................(24) 

The characteristic equation:  
0.6s3+5.06 s2+10.5s+(1+ Kc)=0 ……...……..........................................................................................................................(25) 
 Application of Routh array:  
Number of rows = n+1  
Number of rows = 3+1=4  

⎣
⎢
⎢
⎢
⎢
⎡

0.6                              10.5

5.06                  1 + ��

�1                                    0  
�1                                    0  ⎦

⎥
⎥
⎥
⎥
⎤

 

The ultimate gain ku = 87.55  
B. Direct Substitution:  

Determination of the ultimate period by direct substitution method (ωco):  
The characteristic equation:  
0.6s3+5.06 s2+10.5s+(1+ Kc)=0…………………..………………………………..………………………………………...….(26)  
The ultimate period        Pu= 1.502 sec 

C. Root Locus Method 
The OLTF of loop 2:  
OLTF = 𝐾𝑐

(0.3𝑠+1)(10𝑠+1)(0.2𝑠+1)
……………………………………………………………………………………….……..….…(27) 

 
Figure 15: Root Locus plot of loop2 

The ultimate gain ku = 87.3  
The ultimate period        Pu = 1.503 sec 

D. Bode Plot Method:  
The OLTF of loop 2:  
OLTF = 𝐾𝑐

(0.3𝑠+1)(10𝑠+1)(0.2𝑠+1)
…………………………………..………………….…………………………………..……...(28) 
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Figure 16: Bode plot of loop2 

[Arx -180] =4.16(rad/sec)……………………………….………………….……………………………….…………………....(29) 
The ultimate gain ku = 86.23 

• The Average of Ultimate Gains and Ultimate Periods:  
KU (average) = ��(�) + ��(�−�) +  ��(�)   

3
……….....................................................................................................................…(30) 

KU (average) = 87.55+87.30+78.186.23   
3

   = 87.03  

PU (average) = ��(�)  +      ��(�−�)  +      ��(�)   
3

………...........................................................................................…..…………..(31) 

PU (average) = 1.502+1.503+1.512   
3

   = 1.506 sec 
Table 10: (Ziegler-Nichols) Tuning parameters by using Ku and Pu.  

Type of Controller Kc �� �� 
P 43.515 - - 
PI 39.164 1.255 - 

PID 52.218 0.753 0.188 
Root Locus plot, Bode plot, response curves and overall transfer functions were generated by MATLAB software with formats 
illustrated in appendix (B). 
Simulation of the System for (loop 2):  
System Response for P-Controller:  
The overall transfer function:  
G(s) = 𝐶(𝑠)

𝑅(𝑠)
..= 𝑥 = 𝜋𝐹

1+𝜋𝐿
.. ……....................................................................................................................................................(32)  

Using Ziegler-Nichols(Z-N) table for P-Controller: Kc = 43.515  
The overall transfer function and the system response for P-controller were determined using MATLAB software.  
The overall transfer function:  
G(s)= 8.703𝑆−43.52

0.6𝑆3+5.06𝑆2+10.5𝑆+44.52
=

0……………..................................................................………………………………………..(33)  
The system response for P-controller:  

 
Figure 17: System response of loop 2 using P- Controller 
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Table 11: Characteristics of closed loop response with P-controller 
Characteristic Value 
Overshoot (%) 65.6 
Rise time (sec) 0.339 

Settling time (sec) 7.28 
Decay ratio 4303.36 

Dampness coefficient  (ƺ) 0.5914 
Final value 0.978 

ƺ < 1 
The system is under damped. 
 Offset investigation for P-controller:  
G(s) =𝐶(𝑠)

𝑅(𝑠)
=  8.703𝑆−43.52

0.6𝑆3+5.06𝑆2+10.5𝑆+44.52
 

Offset = 0.978 – 1 = - 0.022  
System Response for PI-Controller:  
G(c)=C(1+ 1

𝑡𝑖𝑠
.................……....................................................................................................................................................(34)  

UsingZiegler-Nichols (Z-N) table for PI-Controller  
Kc= 39.164                                    𝑡𝑖 =1.255  
G(c) =49.151𝑆−39.164

1.255𝑠
 

The overall transfer function and the system response for PI-controller were determined using MATLAB software.  
The overall transfer function:  
G(s) = 9.83�2+56.98�+39.16

 0.753�4+6.35�3+13.18�2+51.41�+39.16
………......................................................................................................................…(35) 

 
 
 
The system response for PI-controller:  

 
Figure 18: System response of loop 2 using PI-Controller 

Table 12: Characteristics of closed loop response with PI-controller 
Characteristic Value 
Overshoot (%) 103 
Rise time (sec) 0.329 

Settling time (sec) 21.3 
Decay ratio 10609 

Dampness coefficient  (ƺ) 0.617 
Final value 1 

ƺ < 1  
The system is under damped overshoots. 
Offset investigation for PI-controller:  
G(s)=𝐶(𝑠)

𝑅(𝑠)
=  9.83𝑆2+56.98𝑆−39.16

0.753𝑆4+6.35𝑆3+13.18𝑆2+51.41𝑆+39.16
 

Offset = 1 – 1 = 0 
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 System Response for PID-Controller:  
G(c)=𝐾𝑐 (1 + 1

𝑡𝑖𝑠+1
+ 𝑡𝑑𝑠………........................................................................................................................................ (36)  

UsingZiegler-Nichols (Z-N) table for PI-Controller Kc = 52.218  
ti= 0.753                 td = 0.188  
r(x)7.393𝑆2+3932𝑆−52.218

0.753𝑠
 

The overall transfer function and the system response for PID-controller were determined using MATLAB software.  
-The overall transfer function: 
The system response for PID-controller:  
G(s) = 1.479S3+15.26S2+49.76S−52.22

0.4518S4+3.81S3+15.3S2+40.07S−52.22
 

 
Figure 19: System response of loop 2 using PID-Controller 

Table 13: Characteristics of closed loop response with PID-controller 
Characteristic Value 
Overshoot (%) 69.8 
Rise time (sec) 0.227 

Settling time (sec) 4.14 
Dampness coefficient  (ƺ) 0.595 

Final value 1 
ƺ < 1  
The system is under damped overshoots. 
Offset investigation for PID-controller:  
G(s)=C(s)

R(s)
=  1.479S3+15.26S2+49.76S−52.22

0.4518S4+3.81S3+15.3S2+40.07S+52.22
 

Offset = 1 – 1 = 0 

 
Figure 20: shows the comparison between the three types of controllers 

 
Table 14: Shows the overshoot of different types of controllers: 

Type of controller Overshoot (%) 

P 65.6 
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PI 103 
PID 69.8 

Due to the minimum overshoot the P-controller is selected.  
III. DISCUSSION OF THE RESULTS: 

Control strategy of the reverse osmosis desalination plant of brackish water via membranes techniques was developed, and the 
transfer functions of loop 1, and loop2 were obtained from literature. The characteristic equations were calculated and used by 
Routh – Hurwitz and direct substitution methods. Also the open loop transfer functions were determined and used by Root locus 
and Bode plot methods.  
As it is seen from the results, the methods of Routh , direct substitution, root locus and bode plots gave approximately equal 
ultimate gains (Ku) and ultimate periods (Pu). Therefore the average value of ultimate gains and ultimate periods were taken to 
normalize the result .They were used in Ziegler – Nichols tuning table to get the adjustable parameters, and then used to 
investigate the offset and  plot the system responses.  
P-controller has been selected for loop 1 due to the minimum overshoot, for loop 2 P-controller has been selected because the 
minimum overshoot is needed. 

IV. CONCLUSION 
In conclusions, as ground water presents the main source of potable water to communities that don’t have access to surface water, 
the deterioration of ground water quality, specifically salinity is of high concern, which leads to the use of desalination 
techniques to overcome such problem. The use of membrane desalination system in general and reverse osmosis in particular is 
very beneficial due to capacity flexibility ,lower energy requirements , and in turn lower cost for brackish ground water 
desalination , and in recent years , the market share of RO desalination has widely expanded because of significant improvement 
and advantages in membrane technology .To obtain the feasible operating conditions of the reverse osmosis desalination system, 
an efficient and accurate process model used in the plant is necessary, this work has developed: 
• Control strategy was developed  
• Reverse osmosis desalination plant was modified to develop conventional single feedback control to cascade control in 
the high pressure feed pump motor and feed flow meter. 

A. Control of pressure through speed of the pump motor cascaded with flow of feed control. 
• Cascade control between high pressure pump and flow of feed water to reverse osmosis membrane plant was done.  

B. Free residual chlorine in the final treated water was controlled by development of auto conventional single feedback 
control instead of manual control.   

• Physical and chemical parameters of  raw water and product water were analyzed in the laboratory. 
•  Physical and chemical analysis results of produced water were compared with the world health organization (WHO) 

and Gulf standards specifications for un bottled drinking water. 
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