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Chlor-Alkali Industry: Potentials for Energy Conservation
Introduction:
Chlor-Alkali sector is undoubtedly a very dynamic industrial sector where ‘Energy Saving’ has been at core of continual innovative technologies to reduce its consumption being a highly energy intensive industry by focused research efforts in advanced countries.

The key success factor of major chlor alkali units are due to adopting such new technology which is energy efficient as well as eco friendly.
This sector has three technologies to produce chlorine, caustic soda & hydrogen by electrolysis of salt-brine as under:

Mercury Electrolysis Cells -     High Energy (3600~3800 Kwh/M.ton)
Diaphragm Electrolysis Cells- 2700 Kwh/M.ton of Caustic Soda
Membrane Electrolysis Cells – 2000~2400 Kwh /M.ton of Cau.Soda.
India has adopted the latest eco-friendly & energy efficient technology of membrane cells and produces about 71 % of caustic & chlorine using the same Vs Japan where 100 % production of the chlorine is by the same.
USA predominantly uses Diaphragm technology and mercury plants are being phased out due to pollution /health hazards reasons. European Union uses mix of membrane cells and mercury cells and mercury cells are being phased out in a time bound fashion.
Energy Account:
The major equipments consuming energy are listed below in the manufacturing process of chlorine and caustic soda. The range of estimated consumption is indicated which varies with technology and the efficiency of equipments installed.
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(i) Five Major Equipments and Energy Saving Areas:
· Electrolysers:                   75 +/- 5 %

· Concentration units:     13 +/- 3 %

· Compressors           :        6 +/-3 %
-Chlorine

-Refrigeration

-Air
-Hydrogen
· Transformers, Rectifiers:   4 +/- 1%

· Pumps                           :    2 +/- 1%
-Cooling water

-Brine

-Caustic
The above five areas constitute the total consumption of energy-electrical/thermal and being the major consumers require attention of top management to take initiatives to save the energy by deployment of energy efficient technology/equipments.

Elecrolysers: (How to get best of it ?)
From above it is evident that all research experts are trying to reduce energy consumption at Electrolysers as it consumes the major energy (@75 %) by:

· Designing Zero gap Electrolysers causing less voltage drop at electrolysers

· Using high performance membranes

· Reducing the voltage at electrolysers by 30 % reducing power(energy) by same amount in Oxygen Cathode instead of Hydrogen-evolving Cathode
· Regular replacement of membrane at the recommended period will keep the voltage drop optimum for same current density & production of caustic soda.
· Cell parameters like temperature, pressure, concentration of brine, brine and caustic flow to electrolysers etc. needs to be monitored and controlled for optimum performance of membrane cells.
Caustic Concentration Units (CCU):CCU has a potential to save energy by designing hot gas path for heat recovery. This section consumes @ 12~16 % of total energy and proper design can save huge thermal energy.
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The caustic concentration unit uses Natural Gas or other fossil fuels generally.

Low value Hydrogen byproduct of chlor-alkali plant is being used in GACL’s plant to save Natural Gas resource. This amounts to recovering part of the energy used in electrolysis. This initiative is energy and cost saving.
Compressors:
· Chlor-alkali industry uses compressors for Chlorine, Air, Refrigeration applications. The trend of replacing of old reciprocating compressors by energy efficient screw compressors has already commenced.
· Another trend to save energy is by using VFD on such compressors.

Some of the peer group companies have used VFD for Chlorine and Air
Compressors successfully.HaZop study has to be conducted before attempting VFD on critical applications.

Transformers /Rectiformers:
Right sizing and loading of transformers is important to get efficient operation of the same.
Thyristor controlled rectifiers give @ 0.5 to 1 % more efficiency which is substantial as compared to Diode rectiformers.This amounts to large saving in case of large capacity rated equipments.

Pumps in chlor-alkali industry:
Large size pumps are deployed for cooling water circulation, brine to cells, caustic soda to storage tanks, and Hydrochloric acid to storage tanks.

Most of the application use level control system for such “transfers” by throttling of control valve.
It is wiser to eliminate control valve in such application and use VFD instead to control the pumping operation.
VFD also saves cost of Teflon lined control valves on acid applications.

Large cooling water pumps are the potential candidates where VFD can be surely used to save energy.
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(ii) Success Stories:
1. Old Rectiformer’s replacement for improving efficiency
Company had continued to operate membrane plant after change-over from mercury plant in 1989 with the same rectiformer units. The rectiformers were under loaded giving better life but at low efficiency. Top management was convinced for the change with 3 ~4 % energy efficient rectiformers with right capacity replacing 32 years old sets which were risky to operate due to spares problem and having completed the life.

Total Investment: Rs.1200 lacs.
Anticipated savings: Rs.174 lacs/ annum

Payback period:6.8 years

Note: It is a long term measure to avoid risk of failure to give another 30 years of trouble-free, energy efficient service.
2. Remembraning/Recoating of electrolysers:
5 Electrolysers out of 16 were changed with high performance membranes and the anodes, cathodes for the same were also changed.

This reduced the voltage drop across the electrolysers to produce same caustic soda at same current density.
Total Investment: Rs.63.43 lacs

First year saving: Rs.36.51 lacs

Payback period: 1 Year and 9 months
3. Refrigeration System

Replaced existing RECIPROCATING compressor by energy efficient SCREW Compressor.
Total Investment:Rs.162 lacs

First year Energy saving: Rs.37.14 lacs

Payback period: 4.34 years
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This is a long term gain –project having life span of 15 years.

There has been other saving on account of high maintenance cost and refrigerant gas consumption of Rs.10 Lacs in the first year in addition to above savings in new refrigeration system of screw compressors.
4. DCS deployed instead of Panel Instruments

The first plant was instrumented with pneumatic instruments since 1976 which was changed over to electronic panel mounted instruments partly.

During 2006-07, new DCS control system was commissioned.
This system assisted to improve operational efficiency to maintain critical parameters like cell temperature, brine concentration, caustic concentration, and cell pressure etc. more precisely.

This amounted saving of electrolysis power.

Total investment: Rs.167 lacs

First year saving: 53.18 lacs

Payback period: 3.14 years
5. VFD used on Pumps/Compressors
Rectifier cooling water –pit level control valve was replaced by VFD drive of @ 30 KW eliminating the control valve pressure drop and hence energy saving. This is a non critical application hence VFD was attempted with same old motor.
Total investment: Rs. 10 lacs

Savings / year: Rs.5.45 lacs

Payback peiod: 1.83 years

VFD has been also found to be used on Chlorine Compressor in some peer group company which has given payback period of less than a year.
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6. Heat Recovery in CCU (Hydrogen – fuel)
Hydrogen is a low value byproduct generated while manufacturing caustic soda & chlorine.

Company has a caustic concentration unit where Natural Gas had been used. This was the right place to use own generated hydrogen instead of costly Natural Gas.
Total Investment: Rs.18 lacs Savings: Rs.29 lacs/Yr. Payback : 07 months
********************************************************************************************************************************************************************************
(iii) Energy Management Cell (EMC) Details:
                                    Managing Director
                                                   I
                                 Governing Committee
     Sr. Executive Director, Executive Director, Chief G.M., Chief Finance Officer

                                                   I

                                 General Manager ( ENERGY)

                                                   I

DGM (Operation)                                                  Chief Managers
              I                                              Electrical, Mechanical, Instrumentation Engg.
  Energy Manager

(Certified EM 2004 batch)                              
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(iv)  Energy Managers in place

         Name: Mr. M.N. Patel
     (Certified Energy Manager of the year 2004 Batch)
Energy Management Policy:
[image: image1.emf]
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(v) Suggestion for effective implementation of EC Act in Chlor Alkali sector.
1. Time bound mercury plant phase-out should be notified 

2. Mercury Plants may be considered for soft-loan option

3. Technology based consumption norms should be fixed

4. Specific energy consumption for utility equipments should also be fixed like:

· KWH / Ton of Chlorine Compression & liquefaction
· KWH /SM3 of Air at 6 bar

5. Some incentive in tariff may be considered for units achieving better consumption than the fixed norms.

6. User – industry’s representative & major technology supplier’s representative should be included in the apex committee for the norms fixation of consumption.
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