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1. Introduction 
 
Historically, MSF desalination started with the once through mode and switched almost 
entirely to brine recycle about 30 years ago. There were serious reasons for this 
decision: the available antiscaling additives, polyphosphate and acid, were expensive 
and very corrosive in the case of acid if not properly dosed. Carbon steel as shell 
material requires very low concentrations of CO2 and O2 in the brine and, as a 
consequence, a separate very efficient deaerator/decarbonator for seawater make up. 
 
During the past two decades, very large MSF complexes have been installed along the 
shores of the Arabian peninsula. With very few exceptions, these plant are characterized 
by 
 
• Brine recycle operation; 
• Cross flow design; 
• Gain Output Ratio (GOR) of about 6-8 at a top brine temperature of = 110°C; 
• Number of stages around 21; 
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• Double tier design; 
• Carbon steel shell, cladded and/or painted; 
• Copper nickel tubes and tube sheets. 
 
Some of these plants have been in operation for more than 20 years and, due to careful 
maintenance, are still in good condition. This being the state of the art, one can certainly 
argue that new units should be built accordingly, and be larger in size. Such a decision 
would, however, only partially utilize the results of the world-wide intensive research in 
desalination, especially on materials and antiscaling additives. 
 
Today, the situation has totally changed. Corrosion resistant materials are available at 
reasonable costs as well as high temperature, cost effective antiscalants. Neither with 
respect to corrosion nor with respect to costs is the recycle mode advantageous any 
more. On the contrary: 
 
1. The recycle mode must be considered disadvantageous since it involves 

significantly more major pumps and valves; 
2. The most essential design features of conventional cross tube brine recirculation 

plants will be discussed and compared to an advanced long tube once through 
process. 

 
2. Key Data of Recommended Future MSF plants 
 
The following description of the optimal future MSF plant is valid especially for large 
MSF plants for municipal use and based on experience and investigations on different 
existing plant designs along the Arabian Peninsula and the Mediterranean Sea. Figure 1 
shows the principal flowsheet of the unit. Table 1 presents the main characteristics. 

 

 
 

Figure 1. Future MSF - plant flowsheet. 
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Plant design aspects 
• Once through mode instead of brine recycle, no seawater recirculation, N > 40 

stages; 
• Long tube instead of cross tube; 
• Single tier instead of double tier; 
• No blow down pump by elevation of chamber approx. 11 m above sea level; 
• Hydrostatic protection against boiling in brine heater instead of 
• Throttle valve by placement of heater on ground floor; 
• Improved interstage orifice devices, specific weir loads up to 2000 t h-1 m-1; 
• Improved condenser design without stagnant areas. 
Operational aspects 
• TBT > 110°C for all loads; 
• Reduced partial load (max. 80-120 per cent); 
• Water treatment; 
• No separate deaerator, but deaeration in the first stage to atmosphere; 
• No oxygen scavenger dosing; 
• HT antiscalants with continous ball cleaning. 
Auxiliaries 
• No stand-by equipment for main pumps and valves; 
• Speed control pumps eliminating control valves; 
• Vent and ejector condensers as spray condensers. 
Materials 
• Stainless steel for evaporator shell; 
• Stainless steel or titanium for tubes and tube support plates. 

 
Table 1. Characteristics for future MSF-plants. 

 
The key data of the MSF plant at Sirte, Lybia, are a good example of most of the 
features proposed, and are summarized in Table 2. 
 

Capacity 10 000 t d-1 - 2.2 MGD at 118°C TBT 
GOR 10 
Long-tube design 
Once through design 
39 through design 
 
Shell Solid stainless steel  1.4575 (stage 1-3) 

   1.4439 (stage 4-39) 
   wall 5/6.5 mm 

Tubes Titanium Tipa16×0.5 mm 
Seawater pump Steam turbine, variable speed 
No separate deaerator/decarbonator  
Belgard EV antiscale treatment + sponge ball cleaning 

 
Table 2. Key data of Sirte/Libya MSF plant. 
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3. Plant Design Aspects 
 
3.1. Comparison of Brine Recycle and Once Through Mode 
 
Comparing brine recycle and once through type plants there are several principal 
advantages of the once through mode which should be remembered: 
 
1. Reduced thermodynamic losses due to lower boiling point elevation. Boiling point 

elevation (BPE) increases with salt concentration and temperature. Brine recycle 
plants operate at higher concentrations and thus higher BPE in all stages. The 
specific steam consumption for a typical brine recycle plant at low concentration 
factors (i.e high makeup ratios) is about 3 per cent higher than for a once through 
plant. 

2. Reduced risk of calcium sulfate scaling since once through plants operate at lower 
concentration levels. For a top temperature of 115°C the safety margin of MSF-OT 
is at least three times higher compared to MSF brine recycle (see Figure 2). 

3. Reduced equipment. Figure 3 shows the flow diagram of brine recycle mode for 
comparison with the once through mode (Figure 1). 

 

 
 

Figure 2. Operation range of once through and recycle mode with respect to calcium 
sulfate solubility (OSW Report 1967). 

 
Whereas the brine recycle mode is equipped with five major pumps (brine recycle, 
seawater recirculation, feed, blow down and distillate), the once through mode needs 
only three (feed, blow down and distillate). The brine recycle pump is the largest pump 
operating under the most severe conditions: 
 
• High discharge head with suction side brine close to saturation, the risk of cavitation 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

THERMAL DESALINATION PROCESSES – Vol. II – Suggestions for Future MSF-Plant Design - R. Rautenbach and S. Schafer 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

and the expensive need to install the pump below ground level; 
• Concentrated brine at temperatures above seawater temperature with the highest risk 

of corrosion for all pumps. Costs are about 1 per cent of total investment (including 
control valve but without standby). 

 
The often-heard argument of high chemical consumption and thus significantly higher 
costs is incorrect as both additive prices and required dosing rates for chemicals have 
decreased. The long time operation of the Sirte plant could prove that once through 
operation requires a lower dosing rate thus compensating the water recovery rates of 
MSF OT. 
 

 
 

Figure 3. Conventional brine recycle MSF plant. 
 
- 
- 
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