Gentleman,

As you know, the topic for today’s workshop is. 
Use of modern technology for better boiling house performance.
I would like to clarify, that the word performance has been used here in the broader sense. We will not restrict ourselves to the boiling house performance as defined in the uniform method of chemical control. 
As such performance of the boiling house can be judged by the following criteria; 
· Consumption of energy per ton of sugar produced. 

· Boiling house recovery.
We will discus these topics one by one. 

CONSUMPTION OF ENERGY
Consumption of energy obviously means; 
· Consumption of Steam per ton Cane.

· Consumption of Electricity KW’s per ton Cane.
Consumption of Steam

Consumption of Steam by different Categories of the sugar mills is giving below 
· Most of the mills in Pakistan 





55% - 57%

· Mills practicing some measures of steam saving


50% - 52%

· Mills having Modern Technology  




42% - 45%

· Modern Mills in others Countries




35% - 40%

Reductions in the steam computation as given above have been achieved mainly by:
· Converting quads to quints (with falling film evaporators) 

· Improved vapor bleeding

Improve vapor bleeding in Pakistan normally means:
· Boiling all massecuite on 2nd vapor
· Secondary heating on 3rd and 2nd vapor
· Primary heating on 3rd and vapors from the condenser  

The vapors from the condenser are being used in a vapor line heater or direct contact heater as case may be.
Consumption of Electricity
Consumption of electric power has attained importance due to the sale of power to the grid.
Obviously if you consume less electricity for making the sugar you can sell more to the grid.  A comparison of electrical computation in the boiling house by sugar mills in Pakistan to modern mills in other courtiers is given below
· Pakistan 




18 – 20 KW’s / ton  cane

· modern mills  in other countries

12 - 14 KW’s / ton cane 

These reductions have been achieved by. 
· By making major changes like replacing existing centrifugals with bigger and more energy efficient centrifugals 
· by minute changes like replacing existing gear with planetary gears.

RECOVERY 
Boiling house recovery depends upon the operation of following major sections in the boiling house
· CLARIFICATION

· PAN BOILING

· CENTRIFUGAL

Performance is judge by the formula. 
Boiling House Recovery E.S.G. x 100

· Boiling House Performance    =

Basic Boiling House Recovery (Sucrose)
· Where E.S.G. 


 =
equivalent standard granulated sugar

· Basic boiling house recovery  =
BHR calculated with 28.75FM, pty.

But it boils down to minimizing the loss of sugar in final molasses. 
Again we will take up each of the above sections one by one.

Clarification:

Clarification manly depend upon
· CORRECT LIMING AND  HEATING SEQUENCE 

· LIMING TO CORRECT pH

· OPTIMUM REACTION TIME

· USE OF PROPER FLOCCULENT 

All these parameters should be adjusted in the laboratory before there application to the boiling house.
Obviously a scientific criteria is needed to evaluate each of the above parameters 

According to the available literature, clarity in the juice is the best criteria. 
However it needs to be measured correctly.
It may be noted that inspection with naked eye or confusing color with clarity can give misleading results.
· LIGHTER COLOR JUICE CAN HAVE LESS CLARITY MORE TURBIDITY.

· DARK COLOR JUICE CAN HAVE HIGH CLARITY  

Correct method of measuring clarity is given by chen and is being reproduced below:
Clarity can be measured by reading absorbance of the Juice at 560nm, using a spectrophotometer*

· A juice sample is diluted 1:1 with water. 

· A proportion of the diluted solution is filtered through double filter paper. 

· Absorbance is then measured on a diluted sample before filtration (Al) which represents suspended solids plus color. 

· Absorbance is also measured on the diluted sample after filtration (A2) which represents only color. Then:

A1 – A2 = CLARITY

The lower the value, the better the clarity of the juice. 

* Chen et. al., sugar J., 1981 June, 22 - 23
Pan Boiling
Efficiency of pan boiling depend upon
· DESIGN OF  PAN

· PAN BOILING SKILLS 

· INSTRUMENTATION 

Design of Pan
Circulation of the massecuite in side the pan depend upon design parameters of the pan like:
· Length of tubes

· Ratio of down take to the total area
However once the pan have been installed we can not do any thing to improve circulation except to apply high temperature vapors or add circulation aids to the pan like:
· CIRCULATORS

· JIGGER TUBES

Circulators
Addition of circulators is catching up in the industry.  
· It increases the crystal yield up to 5%. 
· It is considered essential for the pan having tubes longer then 850 mm. 
Jigger tubes

Jigger tubes also improve circulation. These tubes are being installed in continous pans. 
Their installation in the batch pans can also improve their circulation. 
However there is a problem that jigger tubes get choked with massecuite when vac is broken.
Some company’s have started making jigger tubes with very small (micron size) holes. These holes are so small that molasses can not flow through them hence the tubes do not get choked.
Boiling Scheme


Increase in final molasses purity with Cane maturity

It is commonly known that in the beginning of the Season the purity of final molasses is low. It is increases as the season progresses and is at its highest at the end of the season. (March / April).

It is also understood that the purity of the final molasses increases because the reducing sugars which help to keep the molasses purity low gets converted to sucrose.
However another very important aspect is being ignored.
That the crystal yields of the pan station in a given set of conditions remain constant.

Therefore the purity of final molasses should increase with increase in the syrup purity (with Cane maturity).


Change in boiling scheme

We, therefore, need to address this problem with necessary changes in the boiling scheme, so that the C massecuite purity remains at the level as in the beginning of the season.

Need less to say that we should also make changes in the boiling scheme where the syrup purities are normally high due to improved cane verities.
We should also make these changes in the boiling scheme in the mills where syrup purities are high due to higher recirculation from the refinery pans. 

At this stage I would like to clarify a miss conception that higher purity especially of C massecuite results in lower losses of sugar in the final molasses.

Actually the C massecuite purity has a direct bearing on the quantity of C massecuite produced. 
Calculation shows that increasing the C massecuite apparent purity from 53 to 61 increases the quantity of C massecuite to be processed by 55%. An increase from 53 to 57% massecuite purity increases the quantity of C massecuite by 21% (Rein et al. 2002).
Higher quantity of C massecite increases load on the boiling and the centrifugal stations and results in inefficient boiling and purging.
Skill of the Pan Man
We routinely cover and neglect a lot of measurable parameters under the heading skill of the pan man like
1. Grain Size

2. Number of Grains in unit volume

3. Final dropping Brix
If we start measuring these parameters it will be a help to the pan man to achieve better results. 
Grain Size

We should measure grain size at varies stages of boiling, especially at the end of strike and keep a record. 
Actually measurement of crystal width is required.

The average crystal width in C mass should not be less than 0.12 mm and should average more than 0.15 mm assuming a centrifugal slot width of 0.06 mm. please note the crystal length may be 1.5 to 2.0 times the width on average, but it is the width that determines whether a crystal will pass through the centrifugal screen slot.

A microscope with a graduated scale can serve the purpose.

However microscopes with camera are available where photograph can be taken and measurement can be made manually. With such microscopes photograph of the individual massecuits can be taken and kept in record.
Microscope with camera and software are also available which do the measurement automatically.
Number of Grain
Having sufficient number of grains is essential for a good quality massecuite.
Ideally, the desired number of grains should be introduced at graining and maintained till dropping the messecuite.  

For this purpose, a uniform slurry should be produced. The grain size and the CV of the slurry should be measured and recorded because the CV of the Mass remains all most the same as the Seed Slurry. 
Commercial slurries are also available.

It may be a new thing for some of you that finest slurry can be produced by precipitating the sugar from the sugar solution by mixing with Alcohol. 
If we can maintain proper Brix in the pan this may be the best slurry.
Final Dropping Brix
Final dropping Brix is one of the most important parameter in improving the crystal yield of the massecuite.

The relationship of the moisture in the massecuite and the non sugar is given as below.
We seem to have completely ignored its significance because when we measure the dropping Brix with spindle it is meaning less as for as the moisture in the massecuite is concerned. 

There is a solid relationship between the refractometer Brix (but not the spindle Brix) and the moisture in the massecuite.
We have to start measuring at lest this dropping Brix by refractometer which is convenient to measure and is closer to dry solids. 

The C massecuite Brix should be as high as possible without causing undue purity rise in the reheater and centrifugals. C massecuite refractometer Brix should be at least 97 and this value should be further increased in small steps up to about 98 in a planned program to establish the optimum.

Instrumentation 
Instrumentation at the pan station, even continuous pans is vary rare in Pakistan.

The instrumentation company’s offer solutions which are very expensive and aim at completely automating the pan station.

This is not our requirement at this stage but a reliable system of measuring the Brix when the pan is boiling, especially during graining period is essential.
If we can maintain the Brix at the desired level, we will be able to manage super saturation and maintain the number of grains as they were added.

This alone can bring about a revolution in pan boiling 
Centrifugal 

Proper working of centrifugal station also affects the F.M. purity.

Increase in mother liquor purity from 2 to 4 degrees across the centrifugal station is well recognized.

The point is that we can save this loss by 1 to 1.5 degrees with 

1. Better design of centrifugals.

2. Better design of centrifugal screens.

3. Better centrifugal operation.

4. Measuring operating parameters.

Design of Centrifugals
Improved design of centrifugal requires less application of water and hence results in lower molasses purity. 
Some people have tried increasing the drainage area of the existing centrifugals and have also achieved better sugar with low molasses purity.

Design of Screen 

Screens with elliptical holes (like Laser Drilled Screen) are now available in market which help to reduce the molasses purity by 0.30 to 0.5 degrees for the same size of the slot.
Centrifugal Operations 
Like all machine proper operation of centrifugal operation also improve quality of sugar with minimum loss in the molasses.

I would like to recommend that all the measurable parameter as given blew should be measured

a) Flow of massecuite to the centrifugal

b) Flow of water in the centrifugal.

c) Temperature and RDS of the molasses leaving the centrifugal.

Conclusion 
I hope, as a result of this workshop improvement will be made all over the industry and our average final molasses purities will come down.
Others in our neighborhood have worked on these lines and have broken the 28.75 purity barrier. 

28.75 purity was derived statistically and depend upon the technology available at that time.

If we work whole heartedly, we can also break 28.75 purity barrier.






