The Major Energy Saving Areas having maximum potential in Chlor-Alkali Sector

There is a huge possibility of saving energy in the Chlor Alkali sector in different units or operations.

The best possible Zones where energy saving could be done in Chlor Alkali Sector are given below.

1) Optimization of Electrolysers for current consumption by monitoring cell voltages and replacing membranes in time.

2) Maximization of utilization of hydrogen generated in the cells (achieving more than 90 % of utilization.

3) Optimum liquefaction of chlorine with respect to usage.

4) Usage of vapors generated in manufacture of caustic flakes in caustic evaporation (48% Lye manufacture).

5) Optimization of steam consumption in concentrating 32 % to 48 % caustic by using multiple effect evaporators.

6) Heat recovery by Provision of Brine and Chlorine recuperator for pre heating the feed brine towards the Cell.

7) Burner design of Caustic concentration unit ( Flakes Production ) to be done at available cell hydrogen pressure.

8) Use of Waste steam in Vapor Absorption Refrigeration Unit to meet Chilled Water requirement in Chlor Alkali Plant.

9) Use of heat recovery system in each section of caustic evaporation unit. The heat from 50% Caustic product is recovered by preheating of 37% and 41% Caustic by Heat exchangers.

10) Introduction of VFDs (Variable Speed Drives) in all the critical pumps in the plant.

11) Use of Hypo jets by Hypo circulation for maintaining vacuum in Hypo unit. 

      Conventionally pumps are used to create and maintain vacuum in the unit.
The Success Story

Energy Saving by design modification at Chlorine Compressor discharge at Chlor Alkali Plant, RIL, Dahej

Introduction: 

Reliance Industries Limited, Dahej Manufacturing Division is a 515TPD Caustic and 440 TPD Chlorine membrane Cell Plant designed by UhDE, GMBH Germany, and UhDE India Limited as a process licensor. The Plant operates at 147.00KA-hr at Full Load with 12 Electrolysers each having 102 elements. So a huge amount of Energy is required for the electrolysis of Chlorine and caustic in this operation. 

In Chlor Alkali Plant, RIL, Dahej, Cl2 is sent in gaseous form towards VCM Plant for manufacture of Ethylene dichloride at about 18 to 18.6 MT/hr with the following specifications 

98.00% Cl2

0.5±0.05% O2

1.0±0.05% O2

0.1% H2

0.5% N2

Moisture = 10ppm

But after Chlorine liquefaction (from 400C to 50C at a pressure of 5.5-6 kg pressure) and removal of non condensable gases (N2, O2, CO2, and H2) from Chlorine in the RIL Dahej Plant the liquid chlorine produced is as following.

99.77% Cl2

0.012% O2

0.22% CO2

0.0005% H2

N2 = Nil

Moisture ≤ 10ppm

The Liquid Chlorine is then gasified by a kettle type evaporator up to 250C and finally superheated to 350C and dispatched to the VCM Plant in gaseous form.

The Produced Cl2 has following characteristics before Chlorine liquefaction

98.77% Cl2

0.92% O2

0.25% CO2

0.0015% H2

0.06% N2

Moisture ≤ 10ppm.

As per the specification above, 0.5±0.05% of O2 in Chlorine and 98% pure Chlorine is allowable in VCM Plant. In membrane cell operation O2 is formed by a side reaction inside the cell itself. For Pure chlorine production this O2 and other non condensable are removed through sniff gas by liquefaction process. But as O2 is required by VCM Plant in their EDC reactor, modification has been done at our dispatch line of Chlorine and one direct line with a control valve is provided from Chlorine Compressor discharge to the main dispatch line with pure Chlorine (after liquefaction) which after mixing will meet the customer specification as well. 

Due to the above said modification, all Chlorine gas produced in the plant does not require liquefaction and so that it saves a huge amount of energy by means of non liquefaction of some portion of Chlorine gas which goes through the direct discharge. An indirect energy savings is also achieved by reducing the steam load by not evaporating the Chlorine which goes through direct discharge. Pure oxygen needs to be dosed to maintain EDC reaction. By maintaining oxygen content of 0.5% this need also is negated.

Objectives:

1) To meet as per customer raw material specification.

2) Saving Energy.

3) Saving Utilities. (O2 in VCM plant, Steam in CA Plant)

With respect to the above objectives, studies have been done to calculate the net energy savings by provision of the direct discharge line after Chlorine Compression. The study does not account upon the utility savings in the plants.

MATERIALS & METHODS

The above modification has been done by extending one 8” SS line from the 8” main line after Chlorine compression. The modified 8” line is provided with a control valve with two isolation valves so that we can control flow through direct discharge as per process parameters and maintaining pressure balance in the system. The control valve also helps to meet the specification of O2 to the customer. The mixed specified Cl2 gas goes towards the VCM Plant. 

The modification scheme is shown below.
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On the other side, the Cl2 gas goes to the liquefier so  the non condensable load within it reduces and then it could meet the customer specification. The liquefying section liquefies the gaseous chlorine from 400C to 50C at a pressure of 5.5-6.0 kg pressure. The liquefier is a shell and tube type heat exchanger (1Shell-2Tube pass) where Cl2 flows in tube side and cools via EG (-110C) in the shell side which is cooled through the NH3 refrigeration (VCR) System. The non condensable gases (O2, H2, N2, moisture) with some Cl2 mix goes out to HCl unit through sniff gases and pure liquid Chlorine goes towards bullet for storage or directly to the Chlorine evaporator via Chlorine receiver which acts as a Chlorine seal. Re evaporation is required as per our customer requirement to supply chlorine in gaseous form. In evaporation Chlorine is evaporated to 250C by a kettle type evaporator and then it is superheated with another evaporator (Shell and tube type) up to 35-400C using hot water at a temperature of 850C. The Hot water is again made hot by using LP Steam. The pure gaseous Chlorine is then dispatched towards VCM.

 ENERGY SAVINGS & PAY BACK PERIOD CALCULATION:

The plant at full load produces as per design basis is

515 TPD of 100% Caustic (NaOH)

457 TPD of Chlorine.

The Liquefier design capacity is 441.6 TPD Cl2 in 95% capacity. (18.6T/hr)

The Chlorine compressor design capacity is 464 TPD Cl2 at 100% Capacity.

As per Design, Chlorine amount that goes through the direct discharge is 

(457-441.6) TPD = 15.4 TPD.

So in hour basis Chlorine goes through the direct discharge is 15.4/24 TPH = 0.6417 TPH = 641.7 kg/hr.

Considering 8500 hrs of Plant operation in a year the Chlorine through the direct discharge is =0.6417*8500 =5454.45 TPA

The heat load which is reduced for non liquefaction of 641.7 kg/hr of Chlorine gas is

= m*Cp*ΔT

=641.7*3.256*(40-5) Kcal/hr + 641.7*21.6 Kcal/hr
=73128.132 Kcal/hr+13860.72Kcal/hr           [Latent Heat of fusion of Cl2=21.6kcal/kg]
=86988.852*4.2 KJ/hr

=365353.18 KJ/hr

=101.486 KW

So for non liquefaction of the part of Chlorine gas, in 1 hr 101.486 KW of energy is saved. If 8500 hrs of plant operating hrs is considered, total annualized energy savings is 101.486*8500 = 862631 KW= 862.361 MW

For non evaporation of the part of Chlorine gas which is directly send,

The heat load on Chlorine for evaporation in two stages, one from 50C to 250C and the 250C to 350C is

= m*Cp*ΔT

=641.7*3.256*(35-5) Kcal/hr+641.7*63.2 Kcal/hr  

                                                                [Latent heat of vaporization of Cl2=63.2 Kcal/hr]
= 62681.256 Kcal/hr + 40555.44 Kcal/hr
= 103236.696*4.2 KJ/hr

= 433594.123 KJ/hr

= 120.44 KW

So for non-evaporation of the part of Chlorine gas, in 1 hr KW of energy is saved. If 8500 hrs of plant operating hrs is considered total annualized energy savings is 120.44*8500 = 1023740 KW. =1023.74 MW

Total Energy savings in 1year for the direct discharge of Chlorine is (862.361+1023.74) MW = 1886.371 MW

The net annual cost savings is 1886.371*2000 (Rs 2/KW-hr of Electricity) = 37.72 Lakhs

Infrastructure Cost:

Pipe Length: 26.697 meter

Total No of Flanges: 6

Total No of isolation Valves: 2

Control valve: 1

Flow Transmitter: 1

Cost of LTCS Pipe Length: Rs 1500/Meter 

Cost of 8” LTCS Flange: Rs 2000/Flange

Cost of 8” Isolation valve: Rs 3,20,000/Isolation valve

Cost of Control valve: Rs 5,00,000

Cost of Flow Transmitter: Rs 50,000

Total Cost of Required Infrastructure: (1500*26.697+6*2000+3,20,000*2+5,00,000+50,000) INR

= 12,42,045.5 INR

=12.42 Lakhs

Pay Back Period: (12.42/37.72) = 0.3292 Years = 3.9504 Months.

Discussion and Conclusion:

It is seen that a huge amount of energy is saved in a year for direct discharge of Chlorine mixing with pure liquefied and re evaporated Chlorine. The scheme does not hamper the customer specification as well and have the potential to save not only the energy but also the utility of the Plant.

Information about Energy Management Cell (EMC)

Yes, we have an Energy Management Cell (EMC) in our complex level. This EMC has separate Cell in different plants in the complex.

The EMC has 3 levels namely 

1. Strategic Level that consists with Site President, Senior Vice President, EMC Assistant Vice President and Energy Managers. Their job is to set targets, Provide direction, benchmarking and external audits, and Review energy consumption trends and Review status of ENCON scheme and CDM.

2. Tactical level that consists with Energy coordinators, Technical Services Engineers and Electrical Engineers. Their job is the evaluation of suggestion scheme, monitoring specific utility consumption, conceive new and implement approved scheme, optimize power utilities operation.

3. Supporting Level that consists with Process Technician and maintenance technician. Their job is identification of scheme, Brainstorming and implementation, suggestion scheme, participation in energy discussion and awareness programs. 

The EMC follows the Deming Cycle Principal of Plan-Do-Check-Act (PDCA cycle) to identify a new scheme and to solve and implement the same.

The Reviews in our system happens in continuous mode. Video conferencing with corporate top management (Monthly) and the Site energy report related to energy conservation and utilization is prepared and discussed (Monthly) . Individual Plant performance and energy conservation is reviewed by senior vice president of Technical Services (Weekly). The plant wise report and monitoring for fuel /utilities usage is monitored by individual Plant heads (Daily) and there is also an online observation system of IP-21 maintained by Aspen Plus software to observe energy /fuel/utilities utilization at any point of time by management.

We have Energy monitoring system that is by online software Aspen Plus using IP-21 Server. It facilitates to view the energy/utilities/fuel consumption in any individual Plant/Services at any point of time to anyone who have the access to IP-21 server. It has the facility to view whether excess amount of energy/fuel/utilities is being utilized by the system so that one can take the action in time.

Energy Policy

Energy Management Policy of 

Reliance Industries Limited

Reliance Industries Limited plays a leading role in the national and global economy by providing quality goods and services in the materials and energy value chain.

Our Mission is:

· To become the lowest specific energy consumer in the industry

· To widen our opinions for energy sources and 

· To minimize the adverse impact of our operations on the environment.

We plant to achieve the above within the framework of sustaining the business by:

· Integrating energy management with the business management and establishing performance driven goals.

· Upgrading hardware, deploying new technologies and improving our practices to increase energy efficiency, reduce greenhouse gas emissions and minimize environmental impacts.

· Supporting scientific research and technological efforts to deliver new sources of energy including renewable and alternate fuels.

· Carrying out regular audits and training employees to promote energy conservation as a culture across the entire business functions.

· Continuously benchmarking our energy efficiency and energy productivity against others.

· Promoting awareness on energy conservation among all members of the Reliance family and the community at large.

Suggestions for effective Implementation of EC Act 2001 in Chlor Alkali Sector.

1. Using membrane cell technology in Chlor Alkali sector instead of mercury cell or diaphragm cell technology.

2. Monitoring individual Cell Voltage regularly and higher voltage Cell Elements should be taken into maintenance. 

3. Monitoring Individual Electrolyser Current and higher current Electrolyser should be taken into maintenance.

4. Monitoring Membrane health regularly.

5. Anode and Cathode coating in regular basis.

6. Implementation of VFDs and VSDs in Pumps and Compressors.

7. Belt Conveying System should be at stopped condition when no salt is charged in system or storage.

8. Regular Pump proactive maintenance

9. Effective utilization of Condensates (Vapor/Steam) for preheating other operations.

10. Minimizing  use of blower by using jets in hypo (Waster Air Dechlorination Unit)

11. Use of Cl2 liquefaction system by EG and then cooling EG by Ammonia Refrigeration system (VCR). It has also good effect on environment.

12. Use of waste steam by VAR system to meet chilled water requirement in process.

13. Effective utilization of Hydrogen.

Abbreviation

CA: Chlor Alkali

VCM: Vinyl Chloride Monomer.

VCR: Vapor Compression Refrigeration

VAR: Vapor Absorption Refrigeration.
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PROFILE OF INDUSTRY SPECIALIST

I have done my B Tech in Chemical Engineering and M Tech in Food Technology and Biochemical Engineering. I have also done a certificate course in French. I have done the distance learning course of Intellectual Property Rights from WIPO Geneva. In the beginning of my career I was a process supervisor in a sulphonic acid company at Kolkata after B Tech. After M Tech I have done 1year Lectureship in  a degree engineering college at Techno India, Kolkata. After that I have joined Reliance Industries Limited, the largest private sector company in India and working in the Chlor Alkali Sector for the last two years. Now I look after the Process Operations, safety, Quality Circles, SixSigma Projects on Chlor Alkali Plant. I am an aspiring Energy Auditor.
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