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Introduction to Chlor Alkali Process

Plants producing Chlorine and Caustic Soda are known as Chlor-Alkali plants. For commercial production of chlorine and caustic soda, the following three different processes are presently employed world-wide.

Amalgam Process:  The electrolysis using graphite anodes or metal anodes and mercury cathodes.

Diaphragm Process: The electrolysis using graphite anodes or metal anodes and iron cathodes  

                                     partitioned by diaphragm.  

 Membrane Cell Process: The electrolysis using metal anodes and metal cathodes partitioned by

                                            cation exchange membranes. 

All the above processes are based upon electrolysis of aqueous solution of sodium chloride. The electrolysis is carried out by passage of direct current through the aqueous solution of sodium chloride. 

Though the first two processes namely the amalgam process and the diaphragm process are also being  employed for production of chlorine and caustic soda, but the focus has now shifted on to membrane cell process because it has got the various advantages over the other processes: Hence, we shall focus our discussion on the principle and advantages of the membrane cell process.  

Principle of Membrane Cell Process :

The membrane is the heart of the membrane cell process. It acts as a barrier between the anode and the cathode compartments of the cell. The membrane is impermeable for liquid and gas. It allows the passage of Na+ cations through it and prevents the passage of OH¯ ions. The membranes consist of fluorocarbon matrices.

Here it is worthwhile to mention that the membrane process again employs two types of designs namely the bipolar design and mono-polar design. In the mono-polar design, the elements are connected in parallel, thus it has high amperes and low voltage. In bipolar design, elements are connected in series, thus it has low amperes and high voltage. 

Advantages of Membrane Cell Process:

i)   Reduced energy consumption.

ii)  Less space requirement for electrolysis.

iii) Ease of operation and high operational flexibility.

iv)  High product purity.

 v)  No environmental pollution. 
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Major Areas Having Maximum Energy Saving Potential--In Chlor Alkali Sector:

The following are the major areas having maximum energy saving potential in chlor-alkali plants
1. Electrolysis Process:  

In chlor alkali plants about 85% of the total energy is consumed by the electrolysis process. Before proceeding with study of opportunities for energy conservation in the  electrolysis process, it is necessary to understand the basis and various chemical reactions and terms associated with process of  electrolysis.

On passage of DC current through aqueous solution of sodium chloride, formation of chlorine, caustic soda and hydrogen takes place. The gross chemical reaction for formation of chlorine, caustic soda and hydrogen can be expressed as below:

            NaCl + H2O               NaOH + ½ Cl2 + ½ H2
The above reaction takes place as two separated cell electrode reactions: the anode and the cathode reactions.

Anode Reaction:       The reaction taking place at anode can be expressed as :

                            Cl¯              ½ Cl2 + e¯
The standard electrode potential (at 25 ºC) required for this reaction is 1.358 Volt. The actual discharge potential is a function of temperature as well as concentration of the aqueous solution of sodium chloride.

Cathode Reaction:  The reaction taking place at cathode can be expressed as:

                                     H2 O   -------
  H+  + OH¯
                      H2 O +  e¯  +   Na+      
NaOH + ½ H2   

Cell Decomposition Voltage:

The cell decomposition voltage is the minimum voltage required to start the electrolysis at zero load current. The cell decomposition voltage is the function of electrolyte temperature and concentration. It rises with increase in concentration of electrolyte and decreases with increase in temperature. The typical value of cell decomposition voltage at electrolyte temperature of 90 ºC  is 2.20 Volts. It is denoted by U0. The cell decomposition voltage is independent of current density.
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The anode and cathode over potentials represent the additional energy in form of voltage above the decomposition voltage ,necessary to make the reaction proceed at a practical rate. Meanwhile the actual cell voltage also includes a number of ohmic losses due to passage of current through the :

---  the metal structure 

---  the gas filled electrolyte

---  the membranes

The typical values of the total cell voltage for a bi-polar cell at 3KA current density, at electrolyte temperature of 90 ºC, 32% NaOH concentration are as below:

--- Decomposition voltage                                                              --- 2.20 V

--- Anode Over potential                                                                --- 0.04 V

--- Cathode Over potential                                                            ---- 0.05 V

--- Structural contact                                                                      --- 0.04 V

--- Electrolyte and gas voltage drop (3mm gap)                             --- 0.43 V     

--- Membrane voltage drop                                                           --- 0.38 V

    Total cell voltage drop                                      --- 3.14 V

Relationship Between Cell Voltage and Current density:

The operating cell voltage is a function of current density. At current densities above 1 KA/m2 , the operating cell voltage varies almost linearly with the current density. It can be expressed by the following relationship:

                          Ucell    = Uo + k * i volts

In the above relationship Uo denotes the cell decomposition voltage whereas i denotes the current density. The values of Uo and k depend on the different cell parameters and electrolysis conditions. However the typical values for a bi-polar cell process are as follows:

                    Uo = 2.42 volts,   k = 0.217 volts x m2 /KA
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Based upon the aforesaid relationship, voltage and thereby the energy consumption increase has been plotted below:


[image: image1]
The cell voltage varies with electrolyte concentration and temperature. There is an increase of approximately +20 mV per percent increase in NaOH concentration and 5 to 10 mV decrease per degree increase in electrolyte temperature.

Based upon the above, it can be inferred and thereby summarized that energy consumption for electrolysis process is mainly dependent upon the following factors:

i) Current Density: 

    The energy consumption in the process of electrolysis varies almost linearly with the cell operating

    current density. Therefore. the energy consumption can be decreased by operating the cells at 

     lower current density. This can   be achieved by increasing the number of cell  elements and

     operating the cell elements at lower current density without sacrificing the level of production.

     The cost incurred on adding the cell elements can be recovered by way of decrease in energy 

     consumption while maintaining the same level of production and has got a payback period of 3 

      to 4 years
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ii) Membrane Voltage Drop:

 The energy consumption on account of voltage drop across the membranes can be kept under control   by regularly monitoring the   condition of membranes and going for their replacement when it exceeds the limit prescribed by the membrane/technology supplier and their operation becomes energy inefficient 

Apart from the replacement of membranes, the anode and cathode pans are also required to recoated and repaired as and when their condition deteriorates. This is necessary to keep the cell voltage within prescribed level as well as to prevent damage and premature failure of the membranes. 

Here it is important to mention that purity of aqueous sodium chloride that is being fed into the cell elements for electrolysis is of paramount significance. The aqueous sodium chloride solution must be removed of the calcium and magnesium impurities before being fed into the cell elements. The presence of calcium and magnesium impurities results into the current efficiency of the membranes and leads to their accelerated ageing. It is recommended that level of calcium and magnesium impurities in the aqueous sodium chloride solution being fed into the cell elements should not exceed 20 ppb. 

iii) Structural and Contact Voltage Drop:

   Energy consumption on account of the above can be kept minimum by following good maintenance 

    practices and avoiding leakages/spillages of brine etc. Keeping the record of structural and contact 

    voltage drops at the commissioning stage of the plant and thereby using this data as a benchmark 

    can certainly be an added advantage 
iv) Electrolyte Concentration:

The cell voltage varies with electrolyte concentration. There is an increase of  approximately+ 20 mV per percent increase in NaOH concentration.
v)  Electrolyte Temperature
The process of electrolysis should be carried out at optimum temperature so as to keep the consumption of energy minimum. The cell voltage also varies with electrolyte temperature. There is a decrease of cell voltage by  5 to 10 mV per degree increase in electrolyte temperature.
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2.   Rectifiers
The rectifiers are used for conversion of AC to DC. In chlor-alkali plants, they are used to supply DC for the process of electrolysis. Therefore they occupy a significant place as regards continuity, reliability and energy efficiency of the operation.  

The efficiency of Rectifiers may be defined as the ratio of DC power output at Rectifier terminals to the AC power input at Rectifier transformer terminals. The efficiency of Rectifiers may vary from as low as 94% to as high as more than 97%. Since the volume of power handled by the rectifiers in chlor-alkali plants is quite large, even 1% decrease/increase in efficiency results in significant energy losses/savings in the energy.

The efficiency of rectifier units basically depends upon the level of DC output voltage for which they are designed. Hence the present trend is to go for rectifier units  with higher DC output voltage. Meanwhile the operating efficiency of the rectifier units also depends upon the loading at which they are being operated. The low load operation of the rectifiers also results in poor power factor and increased level of harmonics. This results into increased heating as well as I2R losses which ultimately lead to loss of energy efficiency.

The present day trend is either to go for high DC output voltage diode based rectifiers or to go for thyristor based rectifiers. In this context, the brief description and comparison of diode and thyristor based rectifiers becomes essential and the same is  being given  hereunder:

Diode Based Rectifiers
The major components of diode based rectifiers are regulating transformer, converter transformer,saturable core transductor and of course, the diodes.
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Thyristor Based Rectifiers:

The major components of diode based rectifiers are converter transformer and the thyrisotrs.
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Comparative Study of Diode Rectifiers Vs Thyristor Rectifiers

1. With thyristor rectifier, it is possible to regulate the d.c output voltage from 0 to 100%, whereas in 

   case of diode rectifiers, the d.c output voltage can be regulated from about 60 to 100% .

2. Thyristor rectifiers provides faster regulating response as compared to diode rectifiers.

3. Thyristor rectifiers provide step less control that enables better differential pressure (DP)

    regulation at cell elements leading to increased life of membranes.

4. Compared to diode rectifiers, the thyristor rectifiers require less maintenance because of 

     elimination of tap changer control in thyristor rectifiers.

5. Thyrsitor rectifier have lesser space requirement as compared to diode rectifiers.

6. Diode rectifiers have simpler electronic control as compared to thyristor rectifiers.

7. Thyristor rectifiers when operated at lower loads results in increased harmonic generation and poor 

    power factor compared to diode rectifiers.

]
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3.  Installation of Harmonic Filter Banks/Power Factor Improvement Capacitors
Harmonics are components of periodic waveforms having frequencies that are integral multiple of fundamental power frequency (i.e 50 Hz). Harmonics are generated by non-linear loads such as Rectifiers, AC/DC Drives, UPS etc.

The most common problems created by harmonics are the over-heating of transformers, motors, generators, cables and other equipments. These harmonics may lead to premature failures of electrical equipments and malfunctioning of electronic controls which may result in spurious operation of relays and tripping of circuit breakers etc.

Harmonic current flowing in the electrical system causes energy losses (I2R) in cables, transformers, motors and other equipments. Harmonics also increase the eddy current and hystersis losses in the motors and transformers etc, since these losses are frequency dependent.

In chlor-alkali plants, the rectifier loads constitute more than 80% of the total plant loading. Being the non-linear load, they are the major source of harmonics generation. Further, the operating power factor for rectifiers load may be as low as 0.85 depending upon the loading of rectifier transformers. The reduced power factor results in higher line distribution losses, poor voltage regulation and increased KVA loading of the transformers and generators.

However, the losses generated due to harmonics can be reduced by carrying out the study of harmonics present in an electrical system and thereby installing the suitably designed harmonic filter banks. These harmonic filter bank apart from mitigating the harmful effects of harmonics are also used for power factor improvement . 

The benefits of installing the harmonic filter banks/power factor improvement capacitors can be summed up as below:

i) The line/distribution losses (I2R losses) are decreased.

ii) The harmful effects because of presence of harmonics in the system are reduced.

iii) The voltage regulation at the load end improves.

iv) The KVA loading of the transformers, generators and cables etc is reduced, thus creating scope

     for further useful loading (KW loading) of the transformers, generators and cables.  

v) Some of the electric supply companies are offering monetary incentive to their consumers for 

    improvement in power factor. The payback period on installation of equipment for power factor 

     improvement can be as low as 6 months also.
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vi)  Some electric supply companies are asking their consumers to maintain Total Harmonic

     Distortion(THD) below a specified limit. The penalty is being levied in case the THD value above

     the prescribed limit .In such cases, the installation of harmonic filter banks/power factor

     improvement capacitors, apart from limiting the harmonics and improving power factor, 

     safeguards the consumers against levy of penalty  

4.   Optimization of Design of Electrical Utilities Equipments
The major utility equipments in chlor-alkali plants are

(1)   Motors 
(2)   Pumps
(3)   Air Compressors 

(4)   Refrigeration Units 

(5)  Cooling Towers

(6)   HVAC  Systems

(7)   Lighting Systems

   The opportunities for energy savings in each of the above are being described below in brief:

(1)  Motors :   

In Chlor-alkali plants, a large number of motors in wide range of ratings are installed. The right  selection of the motors is very important so as to obtain energy efficiency of  the motors . The motors should be suitably rated depending upon the prime mover loading requirements , Oversized as well as undersized motors, shall result with increased energy losses .Further when the  motors are operated under lightly loaded conditions, they result in poor power factor which ultimately leads to increased line (I2R) losses, increased KVA loading of the transformers, generators and cables. The following tips can help in obtaining energy efficient operation of motors

i) The motors should be properly sized in relation to the prime mover requirement.

ii) Whenever going for replacement of existing motors, energy efficient motors should be installed.

iii) Sometimes repeatedly rewound motors have increased losses because of damage to stator 

      lamination. Hence there is need to determine their operating efficiency. It may be more

      economical  to go for replacement of motors with new ones.

iv) In case of variable loading on the motors, installation of Variable Frequency Drives (VFD) is the

     best possible solution. 
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2) Pumps:
In Chlor-alkali plants, though a variety of pumps are being used but the majority of the pumps used are the centrifugal pumps. The selection of appropriating rated pump for an application plays a very significant role in energy savings. The pumps, if rightly selected can provide efficiency of above 80% and if wrongly selected can have efficiency as low as 30% or even less. 

 Before selecting a pump, it is essential to match the pump characteristics with the system head flow characteristics.  A pump should be selected based on how will the pump curve and system headflow curves match. Adding large safety margins while deciding the pump sizing  may necessitate throttling   of the pump discharge valve, resulting into energy loss and thus inefficient operation of the pump.

The following tips can help us in ensuring energy efficient operation of the pumps:

i)
Install high efficiency  pumps.

ii)
Install properly sized pumps.  Match pump characteristics with system head characteristics so that the pump operates at its best efficiency point.

iii)
Don’t feel shy of taking expert’s help while making selection of a pump.  Pumps are the single largest consumer of the auxiliary  equipments in Chlor-alkali plants.

iv)
Avoid operating the pump in throttled condition.

v)
In cases where the application requires variable loading of the pump, go for installation of variable frequency drives (VDS’s)  so that pumps can be operated at their best efficiency point.

3.
Air Compressors:

In the Chlor-alkali plants compressors are being used for producing compressed air for instrumentation requirements, bottling of liquefied chlorine gas.  In fact, in compressed air system, only 10 – 30% air energy reaches the point of end use and the major portion of the balance 70-90% of the energy is converted to unusable heat energy and the remaining portion is lost in form of friction, misuse and noise.

Here are some of the tips for saving energy in air compressors:

i)
Size  compressors as per actual requirement.

ii)
Use compressors with multi step controls e.g. 0%, 25%, 50% 75% and 100% so that compressors can be run as per actual loading requirement.

iii)
Don’t misuse the compressed air for purposes like cleaning, drying and cooling etc.

iv)
Match air compressor output with the varying load requirements by employing speed control.

v)
Use blowers in place of compressors air wherever feasible.
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4.
Refrigeration Units:

In Chlor-alkai  plants, the refrigeration units are installed to meet he chilled  water requirement for various cooling applications in the plant and for liquefaction of chlorine gas.  The energy consumed by refrigeration units constitutes about 10 to 15% of the total energy consumed by auxiliaries.  The main tips for energy conservation in refrigeration units are as below:

 i)
The capacity of refrigeration units installed should be matching to the actual refrigeration loads.

ii)
For varying load application suitable loading and unloading controls should be employed.

iii)
In large refrigeration units the multi step controls e.g. 0%, 25%, 50% 75% and 100% should be employed so that compressor capacity may be matched with actual loading requirements.

iv)
For large refrigeration requirements, centrifugal type compressors are a better option than reciprocating compressors because the former are more energy efficient.

v)
For variable loading requirements installing variable frequency drives (VFD’s) can further improve the energy efficiency of the refrigeration units.  In cases, where exhaust steam from DG sets and other plant process is available, installation of vapour Absorption Refrigeration units can be a more viable proposition.  

5.
HVAC System:


Heating, Ventilation and Air Conditioning (HVAC) systems, constitute only a very small requirement of energy in chlor-alkali plants. However, there also exist energy conservation opportunities in this segment.  The success story installation of Variable Frequency Drive at one of the Air Pressurization Units (HVAC system) has been illustrated later on in this paper.

6.
Lighting System:  

Though percentage wise lighting loads in chlor-alkali plants constitute only a fraction of the total  energy consumed.  However, still a lot of energy saving opportunities exist in this segment as well.  Some of the basic tips for energy saving in lighting are as under:
i)
Replacement of existing T-8, 2X36W fluorescent luminaires with T-5, 2X28W energy efficient fluorescent luminaires.  A case study on feasibility of replacement of existing 2X36W luminaires with 2X28W fluorescent luminaires is provided under the head ‘Case Study’.

ii) 
Replacement of existing  HPMV lamp based luminaires with HPSV or T-5 fluorescent luminaires.

iii)
Installation of separate voltage regulating transformers for lighting loads.

iv.
Installation of photocell switches or timers for auto  On-Off control of luminaires.

v)
Installation of luminaires having dimming features. 
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5.
Maintenance of Utilities

       


It is a hard fact that whenever we talk or discuss about opportunity of energy savings in different kinds of equipments, we don’t provide due recognition to the significance of proper upkeep and maintenance of electrical and thermal utilities. The focus of discussions under this head is to section wise highlight the importance of  proper upkeep and maintenance of electrical and thermal utilities in chlor-alkali sector.

i).
Electrical System:


The Chlor-alkali sector being a highly energy intensive and  a continuous process industry, the importance of interrupted flow of electrical supply to the rectifiers and other auxiliary equipments hardly needs to be emphasized.   The proper predictive and preventive maintenance of the electrical system is must in order to ensure energy efficient operation of the plant. 

Any number of energy conservation measures those may be taken to save energy shall be become futile, if there are frequent stoppages of the plant due to inadequate  upkeep and maintenance of the electrical system.

ii)
Maintenance of Pumps and Motors:

The planned maintenance of pumps and motors is necessary in order to obtain their energy efficient operation.  The leaks from pump seals and glands should be attended in time because these losses represent loss of energy.   Similarly periodic greasing of motors and replacement of worn-out bearings is necessary to minimize friction losses and to avoid equipment failures.

iii)
Maintenance of Air Compressors and Refrigeration System:

In order to obtain energy efficient operation of the air compressors and refrigeration system, periodic cleaning of heat exchangers and condensers should be undertaken.  Further in case of air compressors, intake air filters should be cleaned regularly, because even a pressure drop of 250mmWC in the suction line due to choked filters, increases the compressor power input by about 2% for the same output.  
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3.   CASE STUDY – ENERGY SAVING IN PLANT LIGHTING
INSTALLATION OF T-5, 2X28W  ENERGY EFFICIENT LUMINAIRES IN PLACE OF T-8, 2X36W LUMINAIRES AND PAYBACK PERIOD CALCULATIONS

(A)     On basis of 24 Hrs X 365 days operation of luminaires :

Savings:

Power drawn by conventional 2x36 W fluorescent tube light fixtures : 88 W

Units consumed by these fixtures in 24 Hrs X 365 days                    : 88 x 24 x 365  = 771 KWH









        1000

Energy consumed by 2x28 W, T-5 energy efficient luminaires           : 60W

Units  consumed by these fixtures in 24 Hrs X 365 days                     : 60 x 24 x 365   = 526 KWH










          1000

Saving in terms of Units                                                                        = (771-526)     = 245 KWH

Saving in energy cost considering unit rate of Rs. 4.5 per KWH          = 245 x 4.5 = Rs. 1103/-

Saving in term of lamp cost of 2x2 No’s of 2x36W lamps which have   = 4 x Rs.50= Rs. 200/-

 life of 5000 hrs against life of 18000 hrs for T-5, 2x28W lamps

Saving in maintenance cost                                                                         = Rs. 50/-

Total savings                                                                              = 1103 + 200 + 50 = Rs. 1353/-

Investment:

Cost of one no T-5, 2x28W luminarie with dimmable blast                  = Rs.1380/-

Cost of installation of T-5 luminarie                                                      = Rs 200/-

Total cost of replacement of existing T-8, 2 x 36W luminarie with     = 1380+200= Rs. 1580/-

T-5, 2 x 28W luminarie

Payback Period :

Payback period                          = Investment   =   1580    = 1.17 years




        Savings
        1353
                                                                                              = 1 year, 2 months
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(B)    On basis of 10 Hrs X 365 days operation of luminaires :

Savings:

Power drawn by conventional 2x36 W fluorescent tube light fixtures : 88 W

Units  consumed by these fixtures in 10 Hrs X 365 days                    : 88 x 10 x 365  = 321 KWH









         1000

Energy consumed by 2x28 W, T-5 energy efficient luminaires           : 60W

Units  consumed by these fixtures in 10 Hrs X 365 days                     : 60 x 10 x 365   = 219 KWH










           1000

Saving in terms of Units                                                                        = (321-219)     = 102 KWH

Saving in energy cost considering unit rate of Rs. 4.5 per KWH                 = 102 x 4.5 = Rs. 459/-

Saving in term of lamp cost of 2x2 No’s of 2x36W lamps which have      = 4 x Rs.50= Rs. 200/-

 life of 5000 hrs against life of 18000 hrs for T-5, 2x28W lamps

Saving in maintenance cost                                                                         = Rs. 50/-

Total savings                                                                              = 459 + 200 + 50 = Rs.709/-

Investment:

Cost of one no T-5, 2x28W luminarie with dimmable blast                  = Rs.1380/-

Cost of installation of T-5 luminarie                                                      = Rs 200/-

Total cost of replacement of existing T-8, 2 x 36W luminarie with     = 1380+200= Rs. 1580/-

T-5, 2 x 28W luminarie

Payback Period :

Payback period                          = Investment   =   1580    = 2.23 years   = 2 years, 3 months 





        Savings
         709
Note: There is further scope of energy saving by providing illumination control by monitoring 

          lux level and thereby controlling the same by installing Automatic Voltage Regulator.
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4. SUGGESTIONS FOR EFFECTIVE IMPLEMENTATION OF EC ACT IN CHLOR ALKALI SECTOR
The following are some of the suggestions for effective implementation of EC Act in Chlor-alkali sector:

i)
There is need to make coordinated efforts by Bureau of Energy Efficiency and Chlor-alkali industry for adoption of energy efficient measures.  The Chlor-Alkali Manufacturers Association of India can play a major role in this regard.   

 ii)
There is urgent need to evolve section/unit-wise consumption norms/bench marking in Chlor-alkali industry.
iii)
The process of electrolysis being a major energy consumer in Chlor-alkali plant, there is also need to involve the various technologist suppliers and consultants for effective implementation of EC Act.  

5 .  SUCCESS STORY OF ENERGY SAVING WITH INVESTMENT   DETAIL  AND PAYBACK PERIOD CALCULATON
          Separate file attached in Power Point programme.  
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