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Intelligent Knowledge...
-.Vitalize Resources

We believe that with the help of beneficent God and utilization of
exclusive knowledge and the creation of High Technology, in this
knowledge-based company, we can establish a prodigious develop-
ment in the management of the use of water energy resources and
the construction of industrial processes in the world.
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The company, with the slogan “Intelligent Knowledge, Vitalize Re-
sources”, aims at protecting the environment and water and energy
resources and utilizing Iranian pure knowledge, provides valuable
solutions. In this way, there are many difficulties that need to be over-
come with the determination of the descendants of Iran, and with end-
less effort to move toward success.
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Moein Zist Arya Company, since 2012 based in Isfahan
Science & Technology Town, employing managers and ex-
perienced experts and the graduates of the country's top
universities in various industries, including oil, petrochem-
icals, and steel, has been able to take an important step in
research, design and construction of industrial processes.
This company has started its activities in the field of uncon-
ventional water desalination, saving water consumption
and optimal use of water and energy resources. According
to the company’s policy, thinking based on existing resourc-
es and talent and production of products in accordance
with national and international standards is a priority, and
a “Self-Boiling Water Desalination System”, as well as a
“Closed Cooling Tower”, has been made.
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ZLD is a water desalination method in which all solids are sep-
arated from water and the system output is only distilled wa-
ter and dry salt. This technology uses evaporator and crystal-
lizer to separate dissolved solids in water. In the ZLD system,
three technologies are combined. Initially, saline water enters
the evaporator and concentrated up to TDS equals to 300,000
ppm to the TDS. Condensed saline water enters crystallizer
and dissolved solids immerse in the form of crystalline in the
water. The output wastewater from the crystallizer enters the
centrifuge and dry salt with very low moisture content will be
produced.

ZLD

ZERO LIQUID
DISCHARGE
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In low salinities, where saline water has not yet reached the saturated limit, a jl el o gl jy 0 a jgue joi T aS ls )y g ol slag)g—d 5
falling film evaporator is used. The saline water flows from the top of the tubes slodgl gy au YU craw jl jgb Wl .agb 0 oslaiwl alid Eudld oa s usus
in @ way that forms a thin film inside the tubes. The thin film of water begins to SiL adud 2 asue SJL adud SO JuSis adg) gy aS 3gdo Hlg Gom au £l
boil due to heat transfer with steam which flows outside of the tubes and as a re- Odiigs U ggyib Laale) Horw 15 )Lsu L oiyhs Jslus cde ab sg s o )5 LT
sult, some of it evaporates. The remaining saline water, along with the produced Las ol oo 1 8L e T Sash 2 LA T il B0 At 5 8 AaS.
steam are released. The condensed saline water and the steam are separated by i_i o) | .Uq_".mf L’_gl_f_lw - A?_MJL’DJ O .65) 5l Alp o l_fj
the separator in the lower part of the evaporator ol Q)Y 098G0 )2 9 1A U9 9 ORI R ] 03— AL
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It is necessary that the entire inner surface of the tubes, in particular in the lower 3929 S blas nidle0 glasl el ol as s )3 adl o o doye jouh O
areas, be uniformly and sufficiently be wetted with the liquid. Otherwise, there D9-B0 5393 9 Loy JuSds el aS )l
are dry points that cause sedimentation and corrosion. To ensure that the inside

of the tubes at the end of the evaporator is wet, designing a suitable distribution U0l g G=hdo oausysas slgwl ) Le adgl s gago wgbje jl glebl sho
system at the top of the evaporator is important. The wetting rate increases with L gaai wgbye gy ol e 30 Goliwn ool jl cowlio gojgi i
the use of longer tubes or by increasing the brine circulating flow rate. obe il algi yiduw i3-S aluwg au L ) ipghb slaag) 535S

Advantages of using Falling Film Evaporator

«  The ability of concentration to high salinity UL slegyon b bl plKal
+  Condenser and evaporator integration in a heat exchanger GOb2 Jaae S5 )3 001850805 9 jguuslaiS Guels
»  Easy control of process and automation Vorwlogil g a8 Glwl Jyius
« The high efficiency of heat transfer Oylys Jiol UL Losjb
«  Requires small footprint aS (Footprint) slad xuejlo

Functionality in high capacities YL slocwdy b )y 358 culild
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Crystallizer

When the water salinity exceeds a certain amount, solid particles of salt begin
to crystallize and sediment inside the tubes; As a result, the use of the falling
film evaporator is not recommended and crystallizer is used. Saline water circu-
lates through the evaporation chamber by a circulating pump in the crystallizer.
Upon the arrival of warm saline water into the evaporation chamber, the liquid
pressure drops rapidly and leads to vaporization of some liquid through rapid
boiling. The required evaporation energy is taken from the rest of the water and
as a result, remaining saline water cooled and pumped into the heat exchang-
er. Hot steam enters from one side and transmits heat with outlet saline water
from the evaporative chamber in the heat exchanger. Steam is condensed and
converted into distilled water, and saline water is heated and ready to enter the
evaporating chamber. Since the fluid is circulating, the flow rate in the pipes and
the liguid temperature can be controlled according to the product requirement
independently of the predetermined temperature difference.

Advantages of Crystallizer

« The boiling is not carried out inside the heat exchanger which is prevents the
sedimentation inside the pipes.
The velocity of saline water inside heat exchanger tubes is regulated by the
pump and the thermal efficiency of the heat exchanger will be raised.
It is very suitable for separating existing salts in brine with high purity degree.
Possibility of producing high quality distilled water.
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There are three different ways to reduce the energy of
the system in thermal methods.

MED | Multi-Effect Desalination
TVR | Thermal Vapor Recompression
MVR | Mechanical Vapor Recompression

Current desalinating costs are largely depended on the amount of
consumed energy by the system. The energy consumption of the sys-
tem can be reduced by designing an intelligent system according to
customer needs. In a simple thermal desalination system to evaporate
a kilogram of water, the given energy should be as much as the la-
tent heat of evaporation. To condense the produced vapor, the same
amount of energy must be taken from steam. As a result, two pro-
cesses of vaporizing and cooling is required for desalinating the water
which cooling effect is far more difficult if there is no thermal cold
source. There are three different ways to reduce the energy of the
system in thermal methods.
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MED

Multi-Effect
Desalination

As stated, evaporation of one kilogram of water requires the ex-
change of energy as much as the latent heat of evaporation. Now
after evaporation of a kilogram of water, if produced steam is used to
evaporate another one kilogram of water, the produced steam from
the first effect will be condensed and one kilogram of new steam will
be created. As a result, the amount of energy used to produce a kilo-
gram of water is reduced by 50%. This principle is used to reduce the
amount of consumed energy by increasing the evaporation effects.

What causes the generated steam in the first effect to have the abili-
ty to evaporate saline water in the second effect is reduced pressure
of saline water in the second effect; In fact, with lowering pressure,
the water is boiled at a lower temperature, and as a result, this tem-
perature reduction will be the main engine for heat transfer in the
next effect.
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TVR

Thermal Vapor
Recompression

If the steam is recovered in the last effect of the multi-effect desali-
nation, its pressure increases and transferred to the first effect, the
energy efficiency of the system increases; So that it can be imagined
that a step has been added to the multi-effect evaporator. Increasing
the pressure carried out by using the ejector, the high-pressure steam
enters the ejector, the existed steam in the last effect is suctioned, its
pressure increases and will be transferred to the first effect.

The rotary mechanical equipment is not used in this system; however,
the energy efficiency of the ejector is much lower than the compres-
sor. The limitation of the use of the thermal vapor recompression
system is its dependency on having high-pressure steam and other
forms of energy can be used only if they are capable of producing
high-pressure steam.
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Mechanical Vapor
Recompression

Mechanical Vapor Recompression is the most efficient system among
evaporators. In Mechanical Vapor Recompression, one evaporative ef-
fect is.used instead of using several effects. The generated steam
enters into a steam compressor and its pressure increases. The pres-
surized steam has a higher saturation temperature and is condensed
at the higher temperature.

The generated high-pressure steam transfers heat by inlet saline
water and evaporates an amount of water. In this case, the primary
steam is condensed and converted into the liquid. In fact, increasing
the vapor pressure in the compressor will be the water producing
engine. In this system, there is no need for any thermal energy and
the only used energy is electrical energy.
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One of the advantages of Mechanical Vapor Recompression is its abili-
ty to use in various capacities. Different types of compressors are used
for different capacities. In positive-displacement compressors, the
moving parts of the compressor separate the suction chamber from
the high-pressure gas outlet and, by decreasing the volume of the
outlet gas chamber, increases its pressure. When using a reciprocating
compressor, this process is performed by moving the piston into the
cylinder.

In rotary machines, the increase in pressure is achieved through trans-
ferring the dynamic energy to the fluid by high speed rotating blades
of an impeller. The steam is accelerated after impeller and then its
velocity converted to pressure in diffuser. Depending on the direc-
tion in which the vapor moves inside the impeller, the compressor is
classified into three types of Axial-Flow, Mixed Flow or Centrifugal
Compressors. The type of selected compressor should be specified
depending on the working conditions related to its application. The
key parameters of selecting a compressor are the amount of increase
in pressure and volumetric flow rate of the steam which should be
compressed. The following chart defines the selection type range of
Mechanical Vapor Recompression according to the volumetric flow
rate of the compressor and the increase of the saturation tempera-
ture of the steam.
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m3/s

25

GRS (D
Maximum volumetric
flow rate

m3/s

0.05

GRS 2D piaS
Minimum volumetric
flow rate

m3/s

140

GO (D OFiuy
Maximum volumetric
flow rate

m3/s

1

Minimum volumetric
flow rate

Roots
Compressor

Centrifugal fan

JQuuiysaS
UMI9)

m3/s

6

Maximum volumetric
flow rate

m3/s

0.01

GO 2D gpiaS
Minimum volumetric
flow rate

m3/s

22

GRS (2D i
Maximum volumetric
flow rate

m3/s

0.06

Minimum volumetric
flow rate

Reciprocating
Compressor

These types of compressors work like internal
combustion engines. The crankshaft will alter-
nately move the piston inside a cylinder and will
increase the steam pressure. The gas entersinto
the cylinder by use of a pressure sensitive valve.
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Screw
Compressor

The screw compressor is made of two rotating
gears that are in contact with each other which
decrease the limited space between the two
gears and the outer chamber of the compres-
sor with their rotation and increase the steam
pressure.
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m3/s

400

GRS (D il
Maximum volumetric
flow rate

Axial
Compressor

This type of compressor is used for very
large volumetric flow rates. These com-
pressors are made in a multi-stage form
typically and can be accessed at high-pres-
sure ratios. The efficiency of these types of
compressors is even higher than centrifu-

gal compressors. Compared to centrifugal
compressors, in the same conditions, a
smaller compressor can be used.
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> slows sho jgwpaS go ol
25 o=l Vg amo 3g e oalaiwl alyj Hleww
GO 1D p2pilaS Sloylaid o 4 gy —Ulgi g oa b
Minimum volumetric o—i> loyg eSS g9 ol oajlu a s [ YL
flow rate 23wl ;UL joueninlw slaygwyaaS
ol )5 jorenisluw SlaygaS L awnlés
2yl §)18205 sl ()90 HgwppaS ol

Centrifugal compressor

Generally, for mechanical vapor recompression systems, single-stage centrifugal compressors and high-pres-
sure fans are used which its reason is lower costs for manufacturing these compressors. The following is a de-
scription of this model. Centrifugal compressors are increasing pressure machines based on volumetric flow
rates. The volumetric flow rate in this equipment remains roughly constant regardless of suction pressure,
although the mass flow rate changes with the change in suction pressure.

The impellers of single-stage centrifugal compressors are made of various materials and have the ability to in-
crease the water vapor pressure to a pressure ratio of 1.8. Additionally, it is possible to reach a pressure ratio
of 2.5 if materials with more quality and more resistance be used. Therefore, the final pressure is 1.8 times
or at most 2.5 times the initial pressure; if the system operates at atmospheric pressure, this increase will
increase the temperature of the saturated steam by 17 degrees centigrade or up to 27 degrees centigrade.
Centrifugal compressors are divided into three types of centrifugal fans, single-stage centrifugal compres-

sors, and multi-stage centrifugal compressors.
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m3/s

150

GRS (2D UMy
Maximum volumetric
flow rate

m3/s

0.5

Minimum volumetric
flow rate

m3/s

70

GO (2D Uiy
Maximum volumetric
flow rate

m3/s

0.8

Minimum volumetric
flow rate

Single-stage centrifugal

compressor

Multi-stage centrifugal

compressor
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Comparison of mechanical vapor recompression with

reverse osmosis desalination method
In the following table, the mechanical vapor recompression is compared

with the reverse osmosis.

Topic

Pre-treatment cost

Energy consumption

Functionality in
different salinities

inlet water conditions

Maintenance and repair cost
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Mechanical Vapor
Recompression

6 to 8.5 percent of the

production price of the water

10-12 KWH for production
of a cubic meter of water

TDS above 100,000 ppm

Low sensitivity to changing
conditions

10 to 18 percent of the produc-
tion price of the water
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Reverse osmosis

17 to 24 percent of the
production price of the water

3-6 KWH for producing
one cubic meter of water

TDS Up to 100,000 ppm

High sensitivity to changing
conditions

16.5 to 23 percent of the produc-
tion price of the water
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Advantages of using
ZLD technology
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