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Abstract  

Nowadays people are moving towards renewable source to ensure the sustainable 

development. Many new green technologies have been  introduce  in order to sustain the 

development had been done by human. There are a few method of desalination that is 

multi stage flash desalination, multiple effect distillation, and reverse osmosis. In this 

paper, we have discussed one of method to produce potable water from sea water, which 

is multistage flash desalination. The main focus in this paper is the modelling of 

multistage flash desalination process. This is because MSF is applied in real world 

compare to other type of desalination. Many papers had been published for MSF in the 

Middles East but none had been done for South East Asia. This paper is focused on 

environment in Malaysia, using the characteristic of the Malaysia seawater at different 

temperature, pressure and salinity. Moving on we have study the market price of water 

in Malaysia and the price for desalination water. After that we had develop the 

simulation of multistage flash desalination using mathematical method with the aid of 

Microsoft Excel, MATLAB. We started the modelling by developing a mathematical 

method. Next we set the parameters and run the modelling. The total distillate yield is 

1653m
3 

/hr that are 16.53% of the initial water intake. In the final part we had discuss the 

thing that can be improve this model.  
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Abbreviation and Nomenclatures 

MSF = Multi Stage Flash Desalination 

M = Seawater flowrate 

T = Seawater temperature 

X = Salinity of seawater 

P= Pressure of system 

Q= Heat  

 

BPE=Boiling Point Elevation 

 

NEA= Non Equilibrium Allowance  

 

S =Salinity 
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CHAPTER 1 

 INTRODUCTION 

1.1 Background 

 

 

 

 

 

 

 

 

Water has always been earth’s most valuable resource. All ecosystems such as 

animals, plants, and humans depend on water for their daily activities such as for food, 

cleaning, process plant and etc. Although the world is covered by 71% of water, the 

access for the fresh water is limited because 97.5% of the global stock of water is saline 

and only 2.5% is fresh water. Furthermore out of 2.5% fresh water that is available, 80% 

of this global freshwater stock is locked up in polar icecaps or combined as soil 

moisture. (See Figure 1) The main sectors that consume water are:  

Figure 1: Global Water Distribution[10] 
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Figure 2 : Pattern of Water Consumption 

 

From figure 2 we can see that agriculture has consumes most of water that is 67 

and industrial has come to second with total 24%. By increasing in the number of 

population and growth of industries this kind of trend was expected to be change. In 

order to show their effort on to conserve the natural resources use a few global 

companies has started to report their total water consumption in their sustainability 

report to show their commitment to ensure the supply of water is can sustain much 

longer. Figure 3 shows PETRONAS domestic operation water consumption as per 

reported in their 2010 Sustainability Report. 

 

 

Figure 3: PETRONAS Water Consumption for 2 Years [9] 
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Human has invented in desalination using a few method s that are: 

1. Multi Stage Flash Desalination 

2. Multiple Effect Distillation 

3. Reverse Osmosis 

 

In this paper we will further discuss on the Multi Stage Flash Desalination 

process. 

1.2 Problem Statement 

The number of populations and industries are increasing from year to year and the 

world will be expecting to face shortage in fresh water supply. Since 1900, more than 

50% of the world’s wetlands have disappeared .By the year 2025, 48 countries will be 

affected by water stress or scarcity, affecting around 35% of the projected global 

population in that year. Only 64 of the world’s 177 large rivers (1,000km and longer) 

remain free-flowing, unimpeded by dams or other barriers [7]. Table 1 show the water 

consumption in Malaysia in m
3
 according to state. 

Table 1 :Malaysia Water Consumption According to State 
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With the 70% of the world is being covered by seawater, studies had been made 

to produce fresh water from sea water. Multi stage flash is one of the desalination 

processes to produced fresh water from seawater. At Malaysia there is still no study had 

been done on MSF. In order to develop the model of MSF first we have to study the 

characteristic of the sea water as it change due to the salinity and the temperature. 

 

1.2 Objective and Scope of Study 

 

The objectives of this study are: 

1. The study on characteristic of seawater and it properties 

 We will study on: 

a. Vapor Saturation Pressure 

b. Boiling Point Elevation 

c. Latent Heat of Evaporation 

d. Specific Enthalpy 

e. Specific Heat at Constant Pressure 

2. To design multistage flash desalination process that focused on the total distillate 

yield, final temperature and salinity of the brine. 

3. To find potential improvement in MSF in term of cost, method, or energy 

efficiencies. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1  Seawater Properties 

To undergo this project first we need to know the properties of the seawater and 

different temperature, pressure and salinity.  

 

Figure 4 : World Sea-Water Temperature Plot 

Figure 4 shows the plot of world sea water temperature. From figure 4 we can 

see that Malaysia is located at the area with temperature >30
0
C.  From that it had been 

agreed to take Malaysia sea water temperature is 32
0
C. 

 

 

Figure 5 : World Sea-Water Salinilty Plot 
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Figure 5 shows the plot of salinity for world sea water. From figure 5 we can see 

that Malaysia is located at the area with salinity between the range (33-35)g/kg. From 

that it had been agreed to take Malaysia salinity is 35g/kg. 

       Table 2: Malaysia Sea Water Properties 

Malaysia Sea-Water Properties 

Temperature 32 
o
C 

Salinity 35 g/kg 

                                              

 For Malaysia area we can see the average temperature and salinity from table 2. 

These mean that every kg of seawater there is 35g of dissolved salt that contributed from 

different elements. Due this dissolved salt the seawater become denser compared to fresh 

water. 

Table 3 : Component and Percentage in Sea Water Salinity 

Component Concentration in ppm % of Total Salinity 

Chloride 19.345 55.03 

Sodium 10.752 30.59 

Sulfate 2.701 7.68 

Magnesium 1.295 3.68 

Calcium 0.416 1.18 

Potassium 0.390 1.11 

Bicarbonate 0.145 0.41 

Bromide 0.066 0.19 

Borate 0.027 0.08 

Strontium 0.013 0.04 

Flouride 0.001 0.003 

Other <0.001 <0.001 

 

 From table 3 we can see the components that contribute to the salinity of 

seawater. We can see that chloride has the highest mass percentage that contributes to 

the salinity of seawater. Besides that another factors that contributes to the salinity of 

seawater is the rate of evaporation or precipitation in an area. If there is more 

evaporation than precipitation then the salinity increase meanwhile if there is more rain 
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in an area the salinity will decreases. So to produce fresh water from seawater we need 

to reduce the salinity to <0.5g/kg as shown in figure 6. 

 

Figure 6 : Water Type According to Salinity 

After we know the temperature and the salinity of the seawater, we need to know 

the physical properties of seawater such as, specific heat, latent heat of vaporization, 

saturated pressure and Boiling Point Elevation. All of these properties were important in 

order to model a MSF. 

 

Figure 7 : Specific Heat at Constant Pressure [8] 
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 Specific heat is the measurable physical quantity that characterizes the amount of 

heat required to change a substance's temperature by a given amount. In SI unit the unit 

of specific heat is J/kg.k. In modeling a MSF plant specific heat was very important in 

order to calculate the heat required to heat up the seawater to top brine temperature. 

Figure 7 show the graph for specific heat at constant pressure against temperature for 

seawater. 

 

 

Figure 8 : Latent Heat of Vaporization [8] 

 

 Latent heat of vaporization is the heat absorbed by a chemical substance or a 

thermodynamic system during a change of state that occurs without a change in 

temperature, meaning a phase transition from liquid to gas. In this modeling the latent 

heat of vaporization was very important in order to determine the mass of flash vapor. 

Figure 8 shows the graph for latent heat of vaporization against temperature for 

seawater. 
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Figure 9 : Vapor (saturation) Pressure [8] 

 

Vapor (saturation) pressure is the pressure of a vapor in thermodynamic 

equilibrium with its condensed phases in a closed system. All liquids have a tendency to 

evaporate, and some solids can sublimate into a gaseous form. Vice versa, all gases have 

a tendency to condense back to their liquid form, or deposit back to solid form, as long 

as the temperature is below their critical temperature or decomposition temperature. In 

plain terms, a liquid will evaporate at all pressures below its vapor pressure while 

remaining stable at pressure above the vapor pressure. Figure 9 is a graph fresh water 

vapor (saturation) pressure against temperature. In order to get sea water vapor 

(saturation) pressure we need to insert the salinity and the vapor (saturation) pressure at 

certain temperature in Equation 2.1. 

 

    

     
             

 

      
      (2.1) 
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 Another importance property is BPE. BPE is a phenomenon where boiling points 

become higher due to appearance of others compound in this case it was salinity. To 

calculate the BPE we can use equation 2.2 

BPE=AX+BX
2
+CX

3
       (2.2) 

Where A = (8.325x10
-2

+1.883x10
-4

T+4.02x10
-5

T
2
) 

 B = (-7.625x10
-4

+9.02x10
-5

T-5.2x10
-7

T
2
) 

 C = (1.522x10-
4
-3x10

-6
T-3x10-8T

2
) 

 

2.2 Overall Process 

 

 

Figure 10 :Overall Flow of Desalination[10] 

  

 Desalination is a process that removes salt from sea water. Water is desalinated 

in order to produce fresh water to suit human consumption. In order to desalinate the 

water energy was required. In MSF fossil fuel is use as source of energy to heat up the 

water to top brine temperature. 
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Figure 11:Flow Diagram of MSF 

 

 Figure 11 sows the process for MSF. The main components of the plant is the 

heat rejection, recovery section, and brine heater. The process starts when the seawater is 

pumped from the source that is sea. After that it will go through along heat exchanger 

that was heated by hot steam of distillate that produces at every stage. After going pass 

through the 1
st
 stage the seawater will be heated until it meet the top brine temperature. 

The water will be flash at every stage due to pressure drop at every stage. The process 

will go through the stage until the last stage [1][2][3][4][5]. Table 4 show the real plant 

condition of an MSF plant. 
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Table 4 : Real Plant Condition 

 

2.3 Cost Estimation 

 

    Figure 12 :Cost Analysis of MSF [10] 

 MSF at early of its innovation the cost per m
3
 is as high as USD 9 but as 

innovation has been done by years to years the cost of fresh water that been  produced 

has reduced to around USD1-2 per m
3
 as per what we can see in figure 12. 
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Table 5 : Economis of Desalination [10] 

 

From Table 5 we can see that the total cost of fresh water from MSF is about 

USD 1.25 and in Malaysian Ringgit it is RM 3.58. In Malaysia the normal water charge 

is between RM 1-2. The water charge is depends to the state companies that give water 

services. Table 6 shows the water charge according to the state in Malaysia. 

Table 6 : Malaysia Water Charge per State 

State Water Charge per m
3
 (RM) 

Johor 2.96 

Kedah 1.80 

Kelantan 1.25 

 Melaka  1.47 

Negeri Sembilan 1.60 

Pahang 0.84 

Penang 1.00 

Perlis 1.30 

Sabah & Labuan 1.20 

Sarawak 1.21 

Selangor 2.28 

Terengganu 1.15 
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CHAPTER 3 

Methodology 

3.1 Project Activities 
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End 

Developing of 

Mathematical Model 

Figure 13 : Project Activities 
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 For this project we have start with studying the background of this project and 

gather all the information needed to run the modelling. After that we continue with the 

study on characteristics of sea water.  We have study the difference properties of 

seawater at difference salinity and temperature that is: 

 Vapor Saturation Pressure 

 Boiling Point Elevation 

 Latent Heat of Evaporation 

 Specific Enthalpy 

 Specific Heat at Constant Pressure 

After that we continue with developing the model. First we understand the 

concept of the mass balance and energy balance. After that we develop a model of single 

stage MSF. We need to understand the relationship between all the data. Moving on we 

start to develop second stage of the MSF. When the 2 stage of MSF have been developed 

we start to develop the mathematical model that will assist us in order to finish the 

modeling of MSF. 

3.1.1 Mass Balance and Energy Balance 

 

Figure 14: Mass Balance for 1 Stage [2] 

In order to develop a model first we need to know the mass and energy balances 

of the process. The process of a stage in a flash desalination is shown in figure14 and the 
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overall mass balance and energy balance was shown in figure 15 [2]. In this part it will 

discuss on the mass transfer and heat transfer in a stage for a flash desalination plant. 

The overall mass balance for a stage is given by  

     ∑   
   
       ∑   

 
              (3.1) 

 

 It should be noted that for the first stage the value      is equal to MR and the 

term ∑   
   
    is equal to zero. Therefore the equation (3.1) can be reduce to following 

MR = D1 + B1                      (3.2) 

 

 And for the salt concentration for each stage is given by 

Xbj-1 Bj-1 = XbjBj               (3.3) 

 It should be noted that Bj-1 is equal to MR and Xbj-1 is equal to XR for the first 

stage. Thus the equation can be reduce to 

XRMR=Xb1B1        (3.4) 

 The energy balance for the flashing brine is given by 

DjλVj=Bj-1Cpb(Tbj-1 –Tbj)              (3.5) 

 It should be noted that for the first stage Bj-1 is equal to MR and Tbj-1 is equal to 

Tb0. Thus the equation can be reduce to 

D1λV1= MR Cpb(Tb0 –Tb1)               (3.6) 

 The temperature for the unevaporated brine flowing to the next stage is related to 

the saturation temperature of the formed vapour, boiling point elevation (BPE) and 

nonequilibrium allowance (NEA). The equation is given by 

Tbj=Tvj +BPEj+ NEAj       (3.7) 
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 NEA is a measure of the thermal efficiency. The equation is given by 

NEA10 = (0.9877)
T0

(15.7378)
H
(1.377)

Wx10-6
    (3.8) 

  

 

Figure 15 : Overall Mass & Energy Balance 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

3.2.2   Mathematical model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 : Mathematical Model for MSF 
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In this mathematical model a few assumption has been made that is: 

 This operation is a steady state operation 

 Heat loss to the surrounding are negligible 

 The heat capacities for feed seawater, brine and distillate product depend on 

temperature and composition. 

 The distillate is product salt free. 

As shown in the figure 14, first we need to define seawater intake (MR), inlet 

seawater temperature (Tfj+1), inlet seawater salinity (Xbj-1), top brine temperature (Tbj-1) 

and top brine pressure (Pbj-1). After that we need to guess the seawater temperature 

through a condenser at stage 1(Tfj) and then we can calculate the heat required by the 

brine heater (QB).  

For every stage we need to calculate the brine temperature (Tbj) using equation 3.7, 

flash vapor temperature (Tvj) , distillate flowrate(Dj) using equation 3.5,NEA using 

equation 3.8 and ∑    + 
    . The modeling will stop if  Dj is less than 1% the inlet water 

flowrate or ∑    + 
    is between 10-20% of the water intake flowrate and the number of 

stage is greater than 10. This is because due to economical restriction. 

For the modeling of MSF there software that will be need to us is: 

1. Microsoft Office Excel 

2. MATLAB 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Result & Discussion 

4.1.1 MSF Design 

 

Operating Variable 

Seawater Flow rate 10000m3/hr 

Seawater Temperature 320C 

Seawater Salinity 35g/kg 

Top Brine Temperature 1200C 

Height 5.8m 

Length 4.86m 

Width 15.4m 

Number of Stage 10 
Table 7 : Operating Variable for MSF 

  

The dimension of the MSF plant is same for every stage. This is because we had 

made the assumption that all stage has the same heat transfer area. We also had stop the 

modeling at stage number 10 because it has reach the %yield between 10-20 that is 16% 

 

 

 

 

 

 

 

 

Figure 17 : 1st stage of MSF 
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Operation Conditions 

 

Stage 

 

1 2 3 4 5 6 7 8 9 10 

Brine Inlet 

Temperature(
O
C) 120 112.3 104.6 96.3 88.5 80.8 72.4 64.7 58.3 50.4 

Brine Outlet 

Temperature(
 O

C) 112.3 104.6 96.3 88.5 80.8 72.4 64.7 58.3 50.4 42.9 

Flash Water 

Temperature(
O
C) 110.3 102.7 94.2 86.6 78.6 70.2 62.3 56.8 48.9 40.4 

Distillate 

Temperature(
O
C) 42.74 41.55 40.37 39.37 38.43 37.65 36.6 35.6 34.3 32.1 

Inlet 

Flowrate (m3
/hr) 10000 9807.1 9623.8 9442.2 9267.8 9096.8 8930.4 8771.6 8647.2 8495.6 

Brine 

Flowrate (m3
/hr) 9807.1 9623.8 9442.2 9267.8 9096.8 8930.4 8771.6 8647.2 8495.6 8346.1 

Distillate 

Flowrate (m3
/hr) 192.9 183.3 180.6 175.3 170.1 165.4 159.8 123.4 151.6 148.5 

Inlet 

Salinity(g/kg) 35.0 35.7 36.4 37.1 37.8 38.5 39.2 39.9 40.5 41.2 

Brine 

Salinity(g/kg) 35.7 36.4 37.1 37.8 38.5 39.2 39.9 40.5 41.2 41.9 

Distillate 

Yield(%) 1.9 1.9 1.9 1.9 1.8 1.8 1.8 1.4 1.8 1.7 

 

Table 8: Operating Conditions of MSF 
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 By using the mathematical model that we have discussed in methodology we 

have finally setup a model as per shown at Table 8. In order to build up the model there 

are a few thing that should be take note that is: 

 The top brine temperature is 120
0
C 

 The inlet water intake is 10000m
3
/hr 

 The inlet water salinity is 35g/kg 

 The heat transfer area for is stage is constant. 

 

After the modeling had been done we can see that: 

 

 The heat needed to heat up the seawater to top brine heater is 3.92X10
9
kJ/hr 

 The average distillate yield at every stage is 1.65% and the total distillate yield is 

16.52% that is 1653m
3
/hr that equivalent to 39672m

3
/day 

 The number of stage is 10 

 The final temperature of the brine blowdown is 42.9
0
C 

 The final salinity of the brine is 41.9g/kg 

 From the result that we have obtained we can see that the brine temperature is 

higher compared to normal sea water that is 35
0
C. Another main concern is the salinity 

of the brine that is 41.9g/kg compared to normal that is 35g/kg.  These two properties 

were very important because by increase the salinity the density of the seawater will 

increase and make it less soluble to carbon dioxide. 

 



23 
 

 

Figure 18: Temperature Plot At Al -Jebel Plant 

4.2 Recommendation 

There are some improvements that still can be done that is 

1. Energy efficiency

 

Figure 19 :Cost Segregation for MSF 

 From figure 19 we can see that almost half of the cost of to produce fresh 

water is from energy consumption that is 41%. So if the cost of production to be 

reduces it must be reduce from the energy use. One of the methods to reduce the 

energy use is by changing to membrane process. It has been prove that by using 

membrane process it can reduce the energy use to 20 %. [10] 
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CHAPTER 5 

CONCLUSION 

 

From the result that we obtain we have studied the characteristic of the sea water 

that varies on different salinities and temperature. The sea water properties that had been 

studies is vapour saturation  pressure, latent heat of vaporization, specific heat at 

constant pressure, boiling point elevation. 

After that a MSF model with 10 stages has been model using all of the properties 

that had been studied before. 1653m
 3

 that is equal to 16.53% of fresh water had been 

yield out of 10000m3
 
of the inlet flowrate. The modeling was done by using the 

Microsoft Excel and MATLAB. 

In the end a few improvement was suggested to improve the efficiency and 

reduce the cost per m3 of produce fresh water that is improvement in energy efficiency 

by suggesting a new method of desalination has been suggested that is membrane 

process that have been proved can reduce the energy consumption 
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APPENDIX A 

Vapor Saturation Pressure  
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APPENDIX B 

Boiling Point Elevation 
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APPENDIX C 

Latent Heat of Vaporization 
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APPENDIX D 

Specific Heat At Constant Pressure 

 

 

 

 

 


