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BACKGROUND

A Severe environmental problems are being faced by the
Tiruppur, Erode and Karur districts of Tamil Nadu due to
pollution caused mainly by effluents from the textile and dye
Industries.

A In order to control this pollution, (TNPCB) has mandated that
the effluents from these industrial units should be completely
treated and there should be zero discharge of waste from any
unit.

A Many CETPs are sap based on physieohemical and

biological processes, followed by tertiary treatments and
finally Reverse Osmosis (RO) process



Background (Contd..)

A The reject from RO plant cannot be simply let out because it
has a high concentration of Total Dissolved Solids (TDS)

A Usually, the reject from the RO plant is sent through
evaporators to increase the concentration levels of dissolved
salts to such an extent that they can be recovered through
chilling process

A Solar evaporators are found to give inadequate performance
due to various seasons, it has been recommended / directed
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Background (Contd..)

A The general experience of CETPs with the use of mechanical
evaporators has so far been not very positive.

A CETPs have been complaining that it is very costly to run the
mechanical evaporatord O lakhtons of wood is utilized every
year to evaporate RO rejects from textile industry to recover
salt in mechanical evaporatgrs

A The cost of operation ispproximately Rs. 1.0 to 3.0 per one
litre of waterevaporated.

A As a result, industries are facing difficulty in operating the
mechanical evaporators effectively, which is leading to
frequent closure of the industrial units due to noompliance
with discharge standards.
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A Dr.Kumaravelyuthen full time member of the State Planning
Commission, Government of Tamil Nadu, had two meetings

with the faculty members of IIT Madras to explore the ]
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mechanical evaporators for salt recovery.

A He has also informed them about the attempts made by Mr.
Kalidas an enterprising entrepreneur, to demonstrate the
effectiveness of natural evaporators for evaporating water
from the RO reject iTiruppurindustrial area.

A It was mentioned that a natural evaporator with a surface

area of 200 mwas able to evaporate 20,008res of water
per day. Also, the cost of evaporation is almost one tenth of

that achieved by a mechanical evaporator.



Graduation Tower

A Gradierwerk (Graduation Tower) is a type of outdoor
iInhalatorium found in certain spas.

A It consists of a wooden structure with thick layers of
brushwood.

A The local mineral water, rich in sodium chloride, is pumped tc
the top of the wooden structure from where it gradually drips
through the brushwood.

A Natural wind blows across this structure, resulting in
evaporation of water dripping through the porous medium.

A The graduation towers are traditionally used in Poland for sal
production (vordsdomination.com/gradierwerk.htrml



Graduation Tower (Contd..)

A It may be noted that the water reaching the
bottom of graduation tower will have a higher
salt concentration than the inflow water at the
top.

A Thus this type of a structure can be used for
Increasing the salt concentration in the RO
reject by repeatedly cycling the water through
the tower several times.



Present Effluent Treatment Methodology

A Decolouration

A Maintain BOD and COD
A Reverse Osmosis

A Mechanical Evaporation
A Crystallization of salt.
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Alternativec Natural Evaporator

Gradierwerkin Germany
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Advantages of Natural Evaporator

Enriches soil moisture helps agriculture

Savings in Firewood and powehelps arrest deforestation
Carbon Emission Freeeligible for carbon credit
Environmental friendly

Operational Friendly

Affordable

Quick installation and commissioning
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Pilot Plant

A Installed a pilot plant of Dimension 2.3m x 1m x 2 m Height
A Results were very encouraging
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Design and Construction of the
Eco Green Evaporator ( EGIE) Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower

NIFFTEA GTM S

GREEN TEXTILE MOVEMENT



Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Construction of EGIE Tower
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Video Of EGIE

Installed at Freelook FashiecriRerundurai
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Selection of Tower
Packing material (FILL)

A Fill: The fill used in the EGIE tower is twigs of babul tree,
A Botanical nameProsopis Juliflora

It tolerates extremes of temperature and maistite for planting
on marginal lands and can survive both drought and flooded conditions.

A Availability in Tamil Nagline species grows widely in the districts of Salem, Erode, Dharmapul
Coimbatore. plantations under social forestry programmes, (. (source : Internet
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Field Visit

Field visit to Confident Process, Tiruppur on October 6, 2010 by IITM faculty
(From left: Dr. A. Kannan , Dr. K. Srinivasa Reddy, Mr. A. C. Kalidas, Dr. Ligy
Philip, Dr. B. S. Murty, Mr. K. Sudhakaran)



Pictures

Picture of a Gradierwerk
(http://commons.wikimedia.orqg/wiki/File:Gr
adierwerk Bad Salzuflen.jpg



http://commons.wikimedia.org/wiki/File:Gradierwerk_Bad_Salzuflen.jpg
http://commons.wikimedia.org/wiki/File:Gradierwerk_Bad_Salzuflen.jpg

Evaluation of the system on request of

TNPCB

Observations and Suggestions:

A

Our studies on the performance of the natural evaporator system installed in the
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alternative to the mechanical evaporators for treating the RO reject from the
textile industry.

The cost of recovering the salt from the R.O rejects is much less in Natural
Evaporators compared to the presently used Mechanical Evaporators. Hence, the
acceptance, adoption and chances of properly operating a natural evaporator is
much higher than that of a mechanical evaporator.

The huge quantities of fuel, especially used at present in the form of wood fuel in
the Mechanical Evaporator can be totally eliminated through the use of Natural
Evaporators, thus not only contributing to economy, but also to the Environment
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Drift control measures taken by the industry is working satisfactorily.



Observations and Suggestions
(Contd..)

There is a concern about the reject management during rainy / cloudy days using natural
evaporator. The industry should provide details of alternative arrangements for the
treatment of RO reject during the rainy days, and when the humidity is high. Enforcing
agency should ensure that alternative arrangements are in place.

Detailed monitoring of air quality around the natural evaporator was carried out by IIT
Madras during July 2011 to 8 July 2011. PM, PM, and VOC concentrations around the
natural evaporators were well within the ambient air quality norms.

As and when the natural evaporators are allowed to be operated by the industry, enforcing
agency (TNPCB) should closely monitor the working of natural evaporator, and make sure
that there is a mass balance of salt in the system. Industry should maintain a proper log bool
indicating the total salt used in the industry as raw material, and the salt recovered.

The salt recovered should be either reused or stored properly.

As and when the natural evaporators are adopted by the industry, random monitoring of air
quality (PM,, PM, 5 VOC andationand anion concentrations) should be carried out to
ensure adherence to the stipulated standards.

The stipulatedERO DISCHARG@Effluents conditions can be effectively achieved by using
this type of NATURAL EVAPORATOR SYSTEM studied by us



OBJECTIVE

Objective of this study Is to optimize the
design of a natural evaporator in order to
make it a viable alternative to conventional
evaporators for further concentrating RO
rejects from the dyeing and textile industry.



Scope

A Experimental studies on model evaporators to optimize the
design for the following;
I Thickness (Depth) of the evaporators (in the wind direction);
I Type of packing media (brushwood / synthetic material);
I Packing density;
I Flow rate of effluent ;
i Distribution system at the top of the evaporator

A Modeling of evaporation process in a natural evaporator to
help scaling of the results from model to field scale natural
evaporators;

A Design a solar heat exchanger for preheating the RO reject ta
Increase the effectiveness of natural evaporator
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METHODOLOGY

Experimental Setup:
The natural evaporator has the following components:

1. A structure made of steel pipes give the structural stability to hold
the packing media.

2. The water distribution system at the top is made up of two PVC
pipelines with evenly distributed 24 holes of 3mm to drip the water
on to the structure uniformly.

3. A collection tank at the bottom for collecting water dripping from
the evaporator.

4. A recirculation tank for collecting concentrated water from the
evaporator, preheat and pump the water to the distribution system.

5. A solar collector field for utilizing solar energy for pre heating the
water.

6. 2HP Pumps, appropriate controls and measuring instruments like
rotameter, control valve.



™ 3 mm holes
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Effect of Various Parameters on Evaporation

1. Wind velocity
2. Relative humidity in the ambient air
3. Temperature of water in the recirculation tank for different design

parameters.

Different wind velocities are obtained in the model by adjusting
the blower speed Evaporationlosswas measuredin terms of

IncreasedT DS/volumereduction in the collectiontank.



Wind Velocity/ Relative Humidity

Thewind velocity was maintained constant by usingan industrial

fan, but the constantwind was affected by ambient air flow.

Thiswas prevented by usinga wind shield made of tarpaulin with
bamboo stick supports Wind velocity was measuredby usingan
anemometer

Relative humidity in the ambient air was measuredusing a
humidity meter and the valuesare crosscheckedwith dry

bulb and wet bulb thermometers.



Experiment with a cage loaded with dense spiral

ring synthetic packing media

This synthetic packing media due to
its high packing density and highly
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pass through the media.

It acted as a barrier against wind.

Hence, this packing media was not

The rate of evaporation was very low.

selected
Technical data for spiral ring packing media

S.no Size Surface Void ratio | Packing Weight Material
area Factor

1. 26mm 500 87% 210 sft/cft | 140gm/l PVC
Sqg.m/cu.m

2. 55mm 350 92% 83sft/cft 110gm/l PVC
sg.m/cu.m

3. Permissible temperature 775 &

Pl



A new less dense pall ring tower packing media
was loaded in the cage




Physical & chemical properties of plastic tower packing

Performgnce / PE PP RPP PVC CPVC PVDF
Material
Density (g/cm3) [0.94-0.96 0.89-0.91 |0.93-0.94| 1.32-1.44 | 1.50-1.54 | 1.75-1.78
ing T
Operazfg °MP - 90 >100 >120 >60 >90 >150
Chemical
corrosion Good Good Good Good Good Good
resistance
Compression
>6.0 >6.5 >7.0 >6.0 >8.0 >10.0
Strength (Mpa)
Sizes Surface Free Vol. Number Weight
mm m2/m 3 % per m3 kg/ m 3
16*16*1 260 91 230000 141
25*25*1.2 210 90 53500 82
38*38*1.4 140 89 13500 54
50*50*1.5 100 90 6500 51
76*76*2.6 73 92 1930 58




Experiments

A Type of packing media (pall ring / thorny sticks).

A Type of packing (random / structured).

A Number of panels (one / two)

A Arrangement of panels (side by side / back to back)
A Thickness of panel (50 cm / 25 cm)

A Water flow rate (200 LPH / 400 LPH / 600 LPH / 800
LPH).

A Variation occurred only in terms of air (ambient)
temperature, water temperature, and relative
humidity.

A Wind velocity is mostly kept constant at 15 km/h,
except in few cases



Experiment with a cage loaded with pall ring packing
media (randomly) with 400 LPH and 10 Km/h wind

Steel cage with pall ring packing media



Experimental setup with a cage loaded with pall ring plastic packing
media
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Various Configurations




