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Thus the heat is “recycled” within the system. Energy efficiency is a
function of the number of effects.
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MED desalination plant

Typical stage arrangement of a large MED plant
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Scale inhibitors used for scale control
Dual purpose plant
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MED cross flow plant internal layout
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MED arrangements
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Desalination projects: MED layout

Courtesy of Corrado Sommariva. Used with permission.

Courtesy of Corrado Sommariva. Used with permission.
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Multiple effect desalination

Evolved from small installation

Courtesy of Corrado Sommariva. Used with permission.

to relatively large unit size

With thermo compression

i

Courtesy of Corrado Sommariva. Used with permission.
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The concept of thermo compression

If reduced pressure causes evaporation at a lower temperature, then
compression should force condensation at a higher temperature.

The combination of these phenomena can yield useful (and efficient)
desalination process.
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Flow sheets: Once through
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Simple ejector-compressor
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Courtesy of Corrado Sommariva. Used with permission.

through the restriction and in accordance with Bernoulli’'s equation
creates vacuum in the restriction.

A side port at the restriction allows the vacuum to draw a second fluid
(the “ejected”) into the motive fluid through the port.

Turbulence downstream of the port entrains and mixes the ejected
into the motive fluid.
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Figure by MIT OpenCourseWare. Adapted from Fig. 1 in El-Dessouky, H. T.,
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Chapter 5 in Fundamentals of Salt Water Desalination. New York, NY: Elsevier, 2002.
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MSF desalination plant

Typical stage arrangement of a large MSF plant
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Stage modeling thermodynamic ideal case
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Process description: How did it begin?

It had long been known that water could be heated above its nor-
mal boiling point in a pressurized system.

If the pressure was released, a portion of the water would boil off
or “flash”. The remaining liquid water would be cooled as the is-
suing vapor took with it its heat of vaporization.

Since evaporation occurred from the bulk fluid rather than at a_hot
heat exchange surface, opportunities for scaling would be reduced.

What flashing looks like

Hot brine from the previous stage
enters through slot at lower tem-
perature and pressure stage

It senses the new lower pressure
environment, and

Flashes!

Courtesy of Corrado Sommariva. Used with permission.
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MSF desalination plant
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Energy effect

In fact, as it can be seen from the energy flow diagram below, the
great part of the heat input to the MSF system is returned back to the
sea with the seawater drain stream.
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condensste back
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Courtesy of Corrado Sommariva. Used with permission.
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Multi stage flash — dominant technology world-wide

Courtesy of Corrado Sommariva. Used with permission.
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Courtesy of Corrado Sommariva. Used with permission.
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Multi stage flash
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Courtesy of Corrado Sommariva. Used with permission.
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Courtesy of Corrado Sommariva. Used with permission.

Long tube distillers:
we need to distinguish between the stages and the passes
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Courtesy of Corrado Sommariva. Used with permission.



MSF long flow plant internal layout
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Interfaces with the rest of the plant

Typical layout

Seawater
intake

Power.yél_'_d:

o . .' ; _ . N ’ ~ s e
Discharge ; D 4 “ _

Py “ Pumping L .

“storage
R - 3 3 o ’*:'._
statlor_l% e,

outfall

Courtesy of Corrado Sommariva. Used with permission.
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Typical layout
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MSF cross flow plant internal layout
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How it really looks like - low side flash chamber

Courtesy of Corrado Sommariva. Used with permission.
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How it really looks like - upper side

Tube bundle tube supports roof plates and incondensable extraction pipes

Details of tube bundle and tube support

Courtesy of Corrado Sommariva. Used with permission.

Courtesy of Corrado Sommariva. Used with permission.
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MSF long flow plant internal layout:
how it really looks like

Courtesy of Corrado Sommariva. Used with permission.
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warm seawater and blowdown from
distillation or power plants reduces heavy
density plume of RO outfall.

Blend of RO permeate reduces temperature
of distillate.

A common, smaller seawater intake &
outfall.

Courtesy of Leon Awerbuch. Used with permission.
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Higher Flash Range Increases Production
Reduced MSF Capital Costs

Reduced MSF Operating Costs

Courtesy of Leon Awerbuch. Used with permission.
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Reverse Osmosis:
with energy recovery n/a 3.5-5.5
without energy recovery n/a 8.5

Courtesy of Leon Awerbuch. Used with permission.
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Typical Power to Water Ratios for.
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Gas Turbine GT - HRSG - MEL A 5.0
Gas Turbine GT - HRSF - MSF PWR = 8.0
Combined Cycle BTG - MED PWR =10.0
Combined Cycle BTG - MSF PWR = 16.0
Combined Cycle EST - MED PWR =12.0
Combined Cycle EST - MSF PWR =19.0
Reverse Osmosis RO PWR =0.8-1.5

Courtesy of Leon Awerbuch. Used with permission.
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