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Sugar

Per Capita Consumption 17.75 kg/annum

Growth percentage 7.5%

Energy Intensity 6 – 8% of manufacturing cost

Energy Costs Rs. 14000 million (US $ 290 million)

Energy saving potential Rs. 4200 Million (US $ 84 Million)

Investment potential on
energy saving projects Rs. 6000 Million (US $ 120 Million
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1.0 Introduction
India is the largest consumer and second largest producer of sugar in the world. With over 450
sugar factories located throughout the country, the sugar industry is amongst the largest agro
processing industries in India, with an annual turnover of Rs. 150 Billion (US $ 3.3 Billion).

Sugar is a controlled commodity in India under the Essential Commodities Act, 1955. The
government controls sugar capacity additions through industrial licensing, determines the price
of the major input sugarcane, decides the quantity that can be sold in the open market, fixes
the prices of the levy quota sugar and determines maximum stock levels for wholesalers, etc.

Sugar prices are the lowest in India when compared to the leading sugar consuming countries
in the world. Converted in Indian rupees the price equivalent in China Rs. 25.78 per kg, in
Indonesia Rs. 18.62 per kg and in Brazil and Pakistan it is Rs. 17.9 per kg.  The price of sugar
in India is Rs. 12.68 per kg.

With the price being lowest in India, the competitiveness of the industry lies in lowering the
cost of production.  One of the major area, almost all the major sugar industries have focused
on, is energy efficiency.

2.0 Historical Industry Development
India has been known as the original home of sugarcane and sugar. Indians knew the art of
making sugar since the fourth century.

The Indian sugar industry has not only achieved the singular distinction of being one of the
largest producer of white plantation crystal sugar in the world but has also turned out to be
a massive enterprise of gigantic dimensions.

Over 45 Million farmers, their dependants and a large mass of agricultural labor are involved
in sugarcane cultivation, harvesting and ancillary activities constituting 7.5% of the rural
population. The sugar industry employs over 0.5 Million skilled and unskilled workmen, mostly
from the rural areas.

The average capacity of the sugar mills in the industry has considerably moved up from just
644 ton per day in SY1930-31 to 2656 ton per day. But still the growth in the Indian sugar
industry was driven by horizontal growth ( increase in number of units) compared to the
vertical growth witnessed in other countries (increase in average capacity).

3.0 Energy consumption in Sugar Industry
Sugar industry is energy intensive in nature.  The power & fuel consumption in the Indian sugar
industry is in the order of Rs. 124.0 Crores.  This is the contribution of sugar plants operating
without co-generation facility.

The average energy consumption in an Indian sugar mill is about 38 units / ton of cane
crushed.  The average cane crushing in Indian mills is about 2700 TCD.  The total power
requirement in a standard sugar mill is in the order of 4.25 MW.

The total cane crushed in Indian sugar industry is about 360 Million tons.  The total power
consumption for this requirement is about 13.68 Billion kWh.  This corresponds to equivalent
power of about 3250 MW (considering average crushing of 175 days).
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Energy efficiency in sugar industry offers the following benefits:

• In plants having cogeneration facility and where the state utility is able to purchase additional
power generated from sugar plants, any improvement in energy efficiency levels of the
plant results in increased export to the grid.  This reduces the equivalent reduction in power
generation from fossil fuel based power plants.  This has a significant reduction in carbon
emissions.

• In plants having cogeneration facility, but the state utility is not ready to purchase power,
improvement in energy efficiency in the plant results in saving in bagasse.  This either
could be exported to other sugar plants, having cogeneration facility with state utility ready
to purchase power, or can be sold to paper plants.

• In plants which do not have cogeneration facility, energy efficiency directly results in reduced
power demand from the state utility.  This results in higher profitability to the plant as well
as significant reduction in GHG emission.  These plants, however, are very few in number.

The Indian sugar industry offers good potential for energy saving.  The estimated energy
saving potential in the Indian sugar industry is about 20%.  This offers potential of about 650
MW of electrical energy.  This corresponds to about Rs. 2600 Crores investment, in newer
power plants.

The investment opportunity in the Indian sugar industry is estimated to be in the tune of about
Rs. 5000 Crores.

Per Capita Consumption of sugar in India
Indians by nature have a sweet tooth and sugar is a prime requirement in every household.

Almost 75% of the sugar available in the open market is consumed by bulk consumers like
bakeries, candy makers, sweet makers and soft drink manufacturers.

The per Caipta sugar consumption in India is about 17.75 kg/annum.  This is growing at a
rate of 7.5% every year, on an average.
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4.0 Cogeneration
The sugar industry by its inherent nature can generate surplus energy in contrast to the other
industries, which are only consumers of energy. With liberalization and increased competition,
the generation and selling of excess power to the electricity board, offers an excellent source
of revenue generation to the sugar plants. This is referred to as commercial cogeneration and
has been only marginally tapped in our country.

Integrated approach and Co-generation
Co-generation in sugar plant

The sugar plants have been adopting co-generation right from the beginning. However, the
co-generation has been restricted to generating power and steam only to meet the operational
requirements of the plant. Only in the recent years, with the increasing power demand and
shortage, commercial cogeneration has been found to be attractive, both from the state utility
point of view as well as the sugar plant point of view.

The sugar plant derives additional revenue by selling power to the grid, while the state is able
to marginally reduce the ‘demand-supply’ gap, with reduced investments.

The sugar plant co-generation system can be in the one of the following ways

i. Conventional system

The old sugar plants, installed particularly in the sixties in India, have this type of system.
These plants are characterized by
• 20 kg/cm2 boiler
• Mill drives and shredder driven by individual turbines
• One or two back pressure power turbines, for meeting the remaining power requirements

These systems have low operating efficiency and result in little bagasse saving, after
meeting the plant requirements. The non-season power requirement is met from the grid.

ii. Partly modified system

This type of system is prevalent in the plants installed in the eighties. These plants are
characterised by
• 32 kg/cm2 or 42 kg/cm2 boiler
• Mill drives are partly steam driven and partly DC motor driven
• One / two back pressure turbines, meeting the power requirements of the plant.

These systems have slightly higher operating efficiency and result in little bagasse saving,
after meeting the plant requirements. The non-season power requirement is met from the
grid.

iii. Commercial co-generation system-only season

This type of system is prevalent in the plants installed in the early nineties. These plants
are characterised by

• 42 kg/cm2 / 64 kg/cm2 boiler with bagasse and auxiliary fuel firing
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• Mills are DC motor driven

• One/two back pressure turbines, for meeting the power requirements and the excess
power is sold to the grid.

These systems have much higher operating efficiencies and result in excess energy
being generated and sold to the grid during the season. The non-season power requirement
of the plant is met from the grid.

iv. Commercial co-generation system – Both season and non-season

These are the latest systems installed very recently and operating in the sugar plants,
predominantly in the state of Tamil Nadu.

These plants are characterised by

• 42 kg/cm2 / 64 kg/cm2 / 82 kg/cm2 boiler

• Bagasse firing during season & firing with other fuel during non-season

• Mill drives are hydraulic or DC drives

• One / two extraction - cum - condensing turbine

• Turbine operates with nil condensing during season and maximum condensing during
non-season. This scheme can be a very attractive alternative, if some cheap source
of fuel is available.

These plants have the highest operating efficiency and the excess energy generated is
sold to the grid during the season. During the non-season, the boilers are fired with the
auxiliary fuel and the turbine is operated in the condensing mode. The excess power after
meeting the plant requirements, is sold to the grid.

This alternative results in maximum revenue generation for the sugar plant and is very
attractive if the auxiliary fuel is available at a cheaper cost.

5.0 Manufacturing Process & Target energy consumption
The target electrical and thermal energy consumption of a new sugar plant should be as given
below

Specific Electrical Energy consumption 30 units/ton of cane with electric
motors &  DC Drives

24 units / ton of cane with diffusers

Specific Thermal Energy steam consumption 38% on cane

5.1 Electrical energy
Cane preparation

The cane preparation is the first operation in the production of sugar. The preparatory equipments
include kicker, leveller, cutter, fibrizers and shredders. The degree of preparation has a major
effect on the cane crushing capacity and extraction. The efficiency / capacity of the utilisation
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of the cane carrier system can be increased, with parallel loading of cane. The parallel loading
of cane is possible with sling type unloading and hydraulic tipper unloading.

The typical cane preparation devices suggested are kicker and cutter followed by a fibrizer /
shredder. The cane carriers need a variable speed mechanism, to regulate the flow of cane
to the shredders. The shredders also need a variable speed mechanism, to take care of the
varying load. The shredders have, either a steam turbine or a dynodrive for varying the speed,
while the cane-carriers have a dynodrive. Both these systems are energy inefficient.

Hence, it is recommended to install DC motors or AC variable speed drives for the cane
carriers.

Target energy consumption in cane preparation section – 4.00 kWh / ton

Milling – operation

The prepared cane is crushed, to separate the juice and bagasse. The crushed juice is then
taken up for further processing, while the bagasse is despatched to the boiler house.

The milling energy requirement, depends on the efficiency of conversion at the prime mover
and the actual shaft power required at the mills.

The scrapper power and the pinion loss
are standard for all mills, while the
other three depend on the hydraulic
pressure applied and the fibre loading.

The bearing loss of 15% in the case
of white metal bearings, can be totally
avoided, by replacing them with anti-
friction roller bearings.

The power spent for compression of
bagasse and power absorbed by trash
plate due to the friction with bagasse, depends on the power applied to the top roller and trash
plate setting.

A latest development in this regard, is the development of a Low-Pressure Extraction (LPE)
system. This new system comprises of, a long train of two roller bearings, operating under
low hydraulic pressure. The trash plates are eliminated, resulting in substantial reduction of
power upto 35%.

Target milling power consumption – 9.5 units/ton of cane for conventional milling system.

Milling – prime mover

The installation of the right prime mover also has a major bearing on the energy efficiency
of a sugar plant. In the Indian sugar industry, presently 3 types of prime-movers are being
used as below

• Steam turbines

• Electric DC motors

• Hydraulic drives

Breakup of Energy Consumption

64%

15%14%2%

5%

Compression of
bagasse
Bearing loss

Trash plate

Scrapper 

Pinion loss 
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Steam turbines

These have been used in all the older sugar units for driving the mills. These low capacity
turbines are single stage turbines and have very low efficiencies of the order of 35-40%. The
lengthy transmission also involves additional losses, making it more inefficient.  Hence, steam
turbines are not recommended for prime movers in the milling section.

Electric DC motors

These have much higher efficiency than the steam turbines and with better control & cleaner
operations, are easily adaptable into any system. The DC drive also avoids the primary high-
speed reduction gearbox, resulting in a higher overall efficiency of 51%. The steam turbines
have been replaced with electric DC drives, resulting in considerable benefits in many sugar
plants.

Hydraulic drives

The utilization of hydraulic drives for the prime-moves in the mill section, is also gaining rapid
popularity among the sugar units. This involves a combination of an electric motor driven
pump and a hydraulic motor, which operates by the displacement of oil. The speed is controlled,
by varying the flow in a fixed displacement pump and by changing the pump swash angle,
in a variable displacement pump. The over-all efficiency of a hydraulic system is nearly about
53%. The cost of hydraulic drives is higher than that of the DC drives. However, if the total
cost, comprising of the building, transformer etc. are taken into account, the cost of installation
of a hydraulic drive and a DC drive are nearly comparable.

5.2 Latest development in manufacture of sugar
Cane Diffusers

Cane diffusers have been the latest and the most energy efficient method in cane preparation.
Modern sugar mills have adopted cane diffusion, in lieu of conventional milling tandem,
considering the multi-pronged advantages, diffusion process offers over conventional milling
process.

In Cane Diffuser, prepared cane is directly sent to Diffuser, which acts both as primary and
secondary extraction equipment. Sugar in the prepared cane is systematically leached with
water and thin juice. At the end of the diffusion process, diffused bagasse discharged from
the diffuser is conveyed to De watering mill where moisture is reduced to 50%. De-watering
mill outlet bagasse is sent to boiler and the mill juice is sent to Diffuser.

Cane diffusion Process

The Juice extraction process in the cane diffuser system is as follows:

i. Cane is prepared up to a Preparation Index (PI) of over 85 %.

ii. Prepared cane is delivered to the diffuser. The cane is heated at entry to the diffuser to
a temperature of 83 Degree C by scalding juice. Scalding juice is the juice from the initial
compartment of the diffuser and is heated from a temperature of about 69oC to 90oC.

iii. The diffusion percolation bed is a moving conveyor on which the cane bed height is
between 1200 mm to 1400 mm.
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iv. The diffuser is divided in 13 circulation compartments. Juice from each compartment is
re-circulated in counter current direction to cane blanket movement, from low brix area
to high brix area.

v. The scalding juice is limed in order to maintain a pH of about 6.5 in the diffuser in order
to prevent inversion of sucrose.

vi. Average temperature of the material inside the diffuser is about 78oC

vii. Draft juice from the diffuser is at about 69oC and is sent directly to the sulphitation vessel

viii. Diffusion bagasse at exit of the diffuser is at supersaturated moisture and is de-watered
in a single six-roller mill. Final bagasse moisture is about 51 %.

ix. Imbibition is applied directly in the diffuser. Hot condensate at 84oC from the evaporator
last effect is used for imbibitions.

Draft juice is measured by a mass flow meter. Screening of draft juice is not necessary
because the bagasse bed through which the juice percolates, itself acts as a screen.

Mill section – auxiliaries

The auxiliaries in the milling action are the juice transfer pumps, in between the drives and
the imbibitions water pump. In majority of the plants, the pumps are designed for the maximum
capacity, with a large cushion. This results in either the discharge valve being throttled or the
inlet tank of the pump becoming empty at regular intervals. Both these are energy inefficient
operating methods.

Hence, it is recommended to install –

• High efficiency centrifugal pump and

• Variable Frequency Drive (VFD) for controlling the flow to the system for the juice transfer
pumps and imbibition water pumps.

Juice preparation

The juice preparation involves the weighing & heating of juice, sulphitation and clarification,
to make it fit for the process of evaporation. The juice preparation section, comprising of the
juice pumps, is also a major electrical energy consumer.

Final juice heater Tubular/Plate heat exchanger (PHE)

The juice heaters over a period of time get scaled up and the pressure drop increases. To
take care of this, stand-by juice heater is to be installed for each of the primary and secondary
juice heaters. In the case of the final juice heater, the stand-by is optional. Target energy
consumption in juice preparation section - 2.00 units / ton of cane.

Evaporator, crystalliser & pans

These are minor consumers of electricity primarily in the form of transfer pumps and recirculation
pumps in FFE. The aspect that needs to be taken care is the installation of the right capacity
& head pumps with high efficiency.

Target energy consumption - 1.00 unit / ton of cane
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Pump house (Evaporator and Vacuum Pans)

The juice after preparation goes to the evaporator, for further concentration into syrup, which
gets further concentrated in the vacuum pans. The evaporators and the vacuum pans are
maintained at lower pressures, through injection water pumps.

It is recommended to use multi-jet condensers with hot water spray for jet water. The water-
cooling system can be one of the following

• Cooling tower

• Mist cooling/spray pond cooling

Target energy consumption for pump house - 3.50 units / ton of cane

Boiler house

The boiler and its auxiliaries are also major consumers of power in a sugar plant. The major
power consumers in the boiler house are the I.D, F.D, P.A & S.A fans and the BFW pumps.
The energy consumption can be kept at a bare minimum, by adopting the energy efficiency
aspects at the design stage itself.

Target energy consumption for boiler house - 2 units/ton of cane

Centrifugals

The centrifuge section, where the sugar is separated and washed from molasses, is also a
major consumer of power. Presently, two types of centrifuges are in operation in the industry
– batch and continuous centrifugals.

Target power consumption in centrifugals – 6.00 units/ton of cane

5.3 Steam Consumption
The sugar industry is a major consumer of steam, with the evaporators and vacuum pans
consuming substantially quantities for concentration of juice and manufacture of sugar. Apart
from these, the juice heaters, centrifuges, sugar dryers and sugar melting also consume some
steam. The washing of pans and other equipment need some marginal steam.

Evaporator

The evaporator is the major steam consumer in a sugar plant. The evaporator concentrates
the juice from a level of 14 – 16 Brix to a level of 60 – 65 brix. The exhaust steam is used
for this purpose. Further to the concentration to a higher level, the concentrated syrup is
transferred to the vacuum pan section, for evapo-crystallisation, to produce sugar.

Several types of evaporators are used in the sugar industry. The commonly used are the
quadruple and quintuple-effect short-tube evaporators. Typically, the steam enters the first
effect at a pressure of 1.1 kg/cm2, at a temperature of 105oC and the vacuum in the last effect
is around 650 mm Hg.

The multiple effect evaporators have higher steam economies of 3 to 5, depending on the
number of effects.



Confederation of Indian Industry - Energy Management Cell

539

Falling film evaporators (FFE)

This is another popular evaporator, which is being considered by many sugar industries. In this
type the juice travels from top to bottom and as it descends, it takes the entrained vapour along
with it to a lower chamber, where the vapour and liquid are separated.

The falling film evaporators have many advantages over the conventional evaporators as below

• The FFE’s have better heat transfer, as there is no elevation in boiling point due to hydrostatic
pressure.

• The average contact time between juice and steam in a falling film evaporator is about 30
seconds as against 3 minutes in the Kestner evaporator and 6-8 minutes in the conventional
short tube evaporator.

• The design of the evaporators is such that, the juice is in contact with the heating surface
in a thin layer over the length of the heating surface.

The installation of falling film evaporator has therefore, immense potential for installation in
the Indian sugar industry for achieving substantial savings in steam. Hence, all new plants
should strongly consider installation of FFE for the first three effects and at-least for the first
two effects to begin with.

Target steam consumption in evaporators – 34% on cane

Vacuum pans

The vacuum pans are used for further concentrating the massecuite produced in the
evaporators, to finally produce sugar and molasses. Conventionally, the Indian sugar industries
have been using the batch pan. With the recent introduction of the continuous pans, there has
been a reduction in the steam consumption to the extent of 15 – 20%.

Apart from the steam reduction, the utilization of continuous vacuum pans also result in

• Improved grain

• Reduced sugar loss

• Better control and systems.

• Reduced power consumption for injection water pumps.

Hence, by design all new plants should install only continuous vacuum pans. Other steam
consumers The other miscellaneous steam consumers in a sugar plant are

• Sugar dryers

• Sugar melter

• Centrifuge wash water super heater

• Other washing /cleaning application
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6.0 Energy Saving Projects in Sugar Industry
The energy saving projects in sugar industry are detailed below:

Cane Preparation & Juice Extraction

Short Term Projects

• Avoid recirculation in the filtrate juice by installing next lower size impeller

Medium Term Projects

• Install lower size pump for weighted juice pump/Install VFD for weighed juice pump

• Install correct size pump for crusher

• Install correct size pump for imbibition water pump

• Install lower capacity pump for juice transfer at III mill and minimize recirculation

• Install lower head pump with VFD for raw juice pump

• Install next lower size impeller for mill IV juice transfer pump

• Install right size pump for imbibition water pumping

• Install Variable Frequency Drive for Imbibition Water Pump

• Install variable frequency drive(VFD) for cane carrier drives

• Install VFD for weighed juice pump

Long Term Projects

• Install DC drives/hydraulic for mill drives & shredder

• Install electronic mass flow meters for all three mills and avoid use of weighed juice transfer
pump.

Juice Heating, Sulphitation, Clarification & Crystallization

Short Term Projects

• Reduce rpm of existing reciprocating compressors (centrifugal house) by 20%

• Utilize L P steam for sugar dryer and sugar melting

Medium Term Projects

• Avoid condensate water pumps at juice heaters and evaporators

• Commission load/unload mechanism for sulphur air compressors

• Improve flash steam utilization for S K condensate and quad-1

• Improve sealing of the stand-by blower, avoid damper control and reduce impeller size of
the sugar drier blower
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• Install lower size pump for clarified pumping/install VFD for clarified juice pump

• Install lower size pump for sulphite juice tank/install VFD for sulphite juice pump

• Install right pump for filter condenser water pumping

• Install rotary blower in place of Compressor for supplying air to syrup sulphur burner

• Install thermic fluid /pressurized hot water heat recovery system for utilizing sulphur furnace
exhaust steam for sulphur melts

• Install Variable Frequency Drive for super heated wash water pump

• Install VFD/small size pump/lower size impeller for mill IV juice transfer pump

• Optimize operation of spray pump

• Provide VFD for booster vacuum pump of vacuum pans (1-12)

• Provide VFD for rotary blowers of sulphur burner

• Reduce RPM of sulphur burner compressor

• Reduce rpm of vacuum pumps for drum filter

• Segregate high vacuum and low vacuum requirements of Oliver filter

• Segregate spray water and jet water and use cold water only for spray

Long Term Projects

• Modify new injection pumping system and avoid use of cooling tower pumps

Cogeneration system

Short Term Projects

• Arrest air infiltration in boilers

• Arrest identified steam leaks and improve the working of steam traps in identified areas

• Avoid recirculation of boiler feed water pump in WIL boiler

• Down size impeller of SA fan

• Improve combustion efficiency of all the boilers

• Improve insulation in identified areas

• Rationalize condensate collection system

• Reduce RPM of power plant air compressor

• Replace feed water make-up pump with low duty ump

• Use exhaust steam for deaerator water heating

Medium Term Projects

• Convert identified MP steam users to LP steam users
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• Install a flash vessel to recover the flash from the boiler continuous blow down & HP steam
header traps drain and connect to exhaust header

• Install correct size pump for the condensate transfer pump

• Install L P steam heater in delivery of boiler feed water pump

• Install steam jet ejectors in place of vacuum pumps for vacuum filters

• Install thermo compressors with 150 psi steam for compressing 8 psi and 12 psi exhaust
vapors to 16 psi

• Install variable fluid coupling for boiler ID fans

• Install Variable Frequency Drive for Auxiliary Cooling Water (ACW) pump

• Install Variable Frequency Drive for Condenser Water pump

• Install Variable Frequency Drive for SA & PS fans and operate in open loop control

• Install VFD for Boiler feed water pump

• Optimize capacity of boiler house compressor

• Replace identified fans with correct size high efficiency fans

Long Term Projects

• Commission de-aerator and utilize L P steam for heating condensate water in de-aerator

• Install heat exchanger to preheat boiler feed water

• Install small turbine for utilizing 43/8 ata steam

Distillery

Short Term Projects

• Increase the temperature of fermented wash from 83 degree C to 90 Degree C by installing
Additional plates

• Install additional standby PHE for fermented wash heating

• Install lower head pump for fomenter circulation pump

Long Term Projects

• Install steam ejector and utilize LP steam for distilleries

Auxiliary areas
Short Term Projects

• Avoid/reduce over flow of cold water OH tank by installing next lower size impeller for pump

• Install level based ON / OFF control for service water pumps
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• Install LIC for service tank/Install correct size pump for service tank

• Install temperature cut-off switch for cooling tower fans

Medium Term Projects

• Arrest compressed air leakages at packing section

• Convert ‘V’ belt to flat belt drive at the identified equipment

• Install auto drain valve for instrument air compressor

• Install correct size pumps for hot water pumping at cooling tower

• Install FRP blades for process Cooling Tower fans

• Install next lower size impeller for hot water process cooling tower pump

• Install Variable Frequency Drive for Cooling Tower fans

• Install Variable Frequency Drive for service water pump

• Provide cooling tower for identified equipments and stop use of fresh water

• Segregate the low vacuum and high vacuum of Oliver filter

Electrical

Short Term Projects

• Convert delta to permanent star connection for the identified lightly loaded motors

• Install automatic star - delta - star converter in the identified lightly loaded motors

• Optimize the plant  operating frequency, if operating in island mode

• Optimize the plant operating voltage

Medium Term Projects

• Improve the P.F of the Identified feeders and reduce the cable loss

• Install automatic slip ring controller for the cane leveler

• Install soft starter cum energy saver at the lightly loaded motors

• Replace filament lamps installed in panel on/off indications with energy efficient led lamps

• Replace identified faulty capacitor banks

Energy Efficient Equipment
Medium Term Projects

• Replace dyno drives with variable frequency drives in identified equipments

• Replace eddy current drive in cane carrier with variable frequency drive
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• Replace old rewound motors with Energy Efficient motors

Lighting
Short Term Projects

• Avoid daytime lighting in identified areas

• Increase the natural lighting by installing translucent sheets and switch off the identified light

• Install 50 KVA step down transformer at the main lighting circuit

Medium Term Projects

• Convert the 100 incandescent lamps with 40W fluorescent lamps

• Convert the existing 200 W 300W & 500 W incandescent lamps with 160W choke less LML
lamps

• Convert the existing 40W fluorescent tubes with 36 W slim tubes

• Covert the 400 W high pressure mercury vapor lamps (HPMV) with 250 W energy efficient
high pressure sodium vapor lamps (HPSV)

• Install automatic voltage stabilizer in lighting feeder and operate at 205 -210 volts

• Install energy efficient Copper chokes for identified fluorescent lamps

7.0 Detailed description of capital intensive energy saving projects
13 no of capital intensive energy saving projects are described in detail.  These projects have
been chosen as they have high saving and investment potential with high replication possibility.
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Case study 1

Install diffusers in lieu of milling tandem
Background
Installation of milling tandem is practiced conventionally
in sugar plants in India.  Milling  is  highly  power  and
labour oriented equipment.   The present trend is to
adopt diffusion as an alternative  to   Milling, considering
several advantages diffusion offers over milling.

It is a low cost extraction process. In conventional
milling mass transfer operation is by  leaching  followed
by high pressure squeezing.  In diffusion process, the
physico-chemical principle of diffusion is adopted.  Here
sugar molecules moves from higher concentration to
lower concentration due to concentration gradient.

Rate of diffusion is proportional to the temperature, concentration gradient and the area of
liquid and solid contact.

The Juice extraction process in the cane diffuser system is as follows:

1. Cane is prepared to a Preparation Index (PI) of 85 %+, ensuring long fiber preparation.
The heavy duty swing hammer fibrizor described above is suitable for meeting this
requirement.

2. Prepared cane is delivered to the diffuser. The cane is heated at entry to the diffuser to
a temperature of 83oC by scalding juice, which is at a temperature of about 90oC.

3. The diffusion percolation bed is a moving conveyor on which the cane mat height is
between 1200 mm to 1400 mm.

4. The diffuser is divided in 13 circulation compartments. Juice from each compartment is
re-circulated in counter current manner to cane blanket movement, from low brix area to
high brix area.

5. The scalding juice is limed in order to maintain a pH of about 6.5 in the diffuser in order
to prevent inversion of sucrose.

6. Average temperature of the material inside the diffuser is about 78 Degree C

7. Draft juice from the diffuser is at about 69 Degree C and therefore is sent directly to the
sulphitation vessel because it is already at the required temperature for sulphitation.

8. Diffusion bagasse at exit of the diffuser is at supersaturated moisture and is de-watered
in a single six-roller mill. Final bagasse moisture is 51 % plus.

9. Imbibition is applied directly in the diffuser. Hot condensate at 84 Degree C from the evaporator
last effect is used for this. Imbibition quantity at Andhra Sugars is 320 % on Fiber.

10. Draft juice is measured by a mass flow meter. Hence the juice is delivered to the sulphitation
vessel in a closed pipe without appreciable loss of temperature. Screening of draft juice
is found to be not necessary because the bagasse bed through which the juice percolates,
itself acts as a screen.
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Energy Saving Project
A 2500 TCD plant in India has installed cane diffuser by design.  The power consumption in
a standard sugar mill, utilizing a milling tandem for juice extraction is 17.8 kWh / ton.  In the
plant under discussion, the average power consumption in the juice extraction section is 11.4
kWh / Ton.  This results in a decrease of 6.4 kWh / Ton of cane crushed.

The other spin off benefits on installation of diffuser are:

• Increased extraction

• Lower power consumption

• Lower maintenance cost

• Reduction in Unknown loss

• Reduction in Lubrication Cost

• Reduction in Sugar Loss in filter cake

• Availability of More Bagasse

Financial Analysis
The additional ..  saving benefit was Rs 8.0 million.  Considering an average crushing of 2500
TCD for an operating season of 180 days, the reduction in power consumption is 28.8 Lakh
units.  This results in an energy cost saving of Rs. 8.0 million / season (Considering power
export cost of Rs. 2.75 / kWh).  The diffuser was installed by design.

Replication Potential
This project has tremendous replication potential.  In India, the number of sugar mills over 2500
TCD capacity is more than 320.  Considering an average crushing of 150 days and power
export cost of Rs. 2.75 / kWh, the total energy saving potential is over Rs. 2.112 Billion/
season.

Considering an investment of Rs. 90 Million per diffuser, the investment potential for installation
of diffusers in Indian sugar industry is Rs. 28.8 Billion.

Cost benefit analysis
• Annual Savings - Rs. 8.0  millions

• Investment - Rs. 90 millions
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Case study 2

Utilisation of Exhaust Steam for Sugar Drier and Sugar Melter

Background
The sugar manufacturing process needs substantial amount of thermal energy, in the form of

steam. The majority of steam requirement is
at low pressures (0.6 to 1.5 ksc), while a small
percentage of the steam consumption is at
medium pressure of about 7.0 ksc.

In the sugar mills, the requirement of steam
at lower pressures is met from the exhaust of
the turbine; while the medium pressure (MP)
steam, in most of the plants, is generated by
passing the live steam generated from the
boiler, through a pressure-reducing valve. This
is schematically indicated below:

Benefits of using exhaust steam for sugar drier and melter
• Increased co-generation
• Additional power export to grid

With the installation of commercial cogeneration systems, the projects for additional cogeneration
have become attractive, as additional power can be sold to the grid.

One of the methods of improving cogeneration, is the replacement of high-pressure steam
with low-pressure steam, wherever feasible. In a sugar mill, there is a good possibility of
replacing some quantity of MP steam users with exhaust steam, resulting in increased power
generation.

This case study describes one such project implemented in a 2500 TCD sugar mill.

Previous Status
In one of the 2500 TCD sugar mills, medium pressure steam at 7.0 ksc, generated by passing
live steam at 42 ksc, through a pressure reducing valve (PRV), was being used in the following
process users:
• Hot water superheating for use in the centrifuges
• Sugar drier blower
• Sugar melter

The temperature requirements for sugar drier blower and sugar melter are about 80°C and
90°C respectively. The centrifuge hot water was to be heated to a temperature of about
115 - 125°C.
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Exhaust steam generated by passing live steam through a turbine was available at around
1.2 ksc.

Energy Saving Project
The exhaust steam was utilised in place of live steam for sugar melting (blow-up) and sugar
drying.

Concept of the project
The sugar melting requires a temperature of 90°C and sugar drying needs about 80°C. The
heat required for these two process users, can be easily achieved by exhaust steam.

Replacement of live steam with exhaust steam in these two users can increase the co-
generation.  Every ton of medium pressure steam replaced with exhaust steam can aid in
generation of additional 120 units of power.

Implementation Methodology, Problems faced and Time frame
The steam distribution network was modified, to install steam line from the exhaust header
to sugar melter and sugar drier blower.

There were no problems faced during the implementation of this project, as the modification
involved only the laying of new steam pipelines and hooking it to the main steam distribution
system. The entire modification was carried out in 15 days time.

Benefits

The live steam consumption, amounting to about 0.3 TPH, in the sugar melter and sugar drier
blowers, was replaced with exhaust steam.  This resulted in additional power generation of
about 35 units, which could be sold to the grid.

Financial Analysis
The annual energy saving achieved was Rs. 0.2 million. This required an investment of
Rs. 0.02 million, which had a very attractive simple payback period of 2 months.

Note
Similarly, exhaust steam can partly substitute the use of live steam for hot water heating in
centrifuges. The centrifuge hot water heater requires a temperature of about 115 -125°C.
Exhaust steam can be used for heating the centrifuge wash water to atleast 105°C. The
heating, from 105°C to 125°C can be carried out by live steam. This will partly substitute the
use of live steam and will increase the cogeneration power.

Cost benefit analysis
• Annual Savings - Rs. 0.2  millions

• Investment - Rs. 0.02 millions

• Simple payback  - 2 months
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Case study 3

Installation of Conical Jet Nozzles for Mist Cooling System

Background
The spray pond is one of the most common type
of cooling system in a sugar mill. In a spray pond,
warm water is broken into a spray by means of
nozzles. The evaporation and the contact of the
ambient air with the fine drops of water produce
the required degree of cooling. There are many
types of nozzle onfigurations available for different
spraying applications. Most of them aim to give a
water spray the form of a hollow cone. A good
spray nozzle should be

of simple design, high capacity and high efficiency. Of the various types of spray nozzles, the
conical jet nozzles have been found far superior on all the above parameters.  Hence, the
recent trend among the new sugar mills is to install the conical jet nozzles, to achieve maximum
dispersion of water particles and cooling.

Mist Cooling System
Previous status

In a 4000 TCD sugar mill, the cooling systemconsisted of a spray pond.  There were 5 pumps
of 75 HP rating operating continuously, to achieve the desired cooling parameters.  The
materials of construction of the spray nozzles were Cast Iron (C.I).  These nozzles had the
disadvantages of low capacity and high head requirements (of the order of 1.0 - 1.2 ksc or

10 -12 m  of water column). The maximum cooling that could be achieved with the spray pnd
was about 34 - 35 °C.  To achieve better cooling, higher efficiency and energy savings, the
conical jet nozzles were considered.

Energy Saving Project
The spray pond system was modified and conical jet nozzles were installed to achieve mist
Cooling.

Concept of the proposal

The water particle dispersion is so fine that, it gives a mist like appearance. The surface area
of the water particles in contact with the ambient air is increased tremendously. Hence, better
cooling is achieved with the mist cooling system.

The material of construction of the latest conical jet nozzles is PVC, which enables achieve
better nozzle configuration. They will also help attain the same operating characteristics as the
cast iron nozzles, but at a much lower pressure drop or head (0.5 - 0.8 ksc) requirement.
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This reduces the cooling water pump power consumption substantially.

Implementation Status, Problems faced and Time frame
The earlier CI nozzles of 40 mm diameter were replaced with PVC conical jet nozzles of 22
mm diameter, in phases. There were no problems faced during the implementation of this
project.

As the project was implemented in phases, it was implemented in totality over 2 sugar
seasons.

Benefits Achieved
The cooling achieved with the mist cooling system was about 31 - 32 °C (i.e., a sub-cooling
of 2 - 4 °C was achieved). This resulted in avoiding the operation of one 75 HP pump
completely.

In addition, significant process benefits were achieved. The better cooling water temperatures,
helped in maintaining steady vacuum conditions in the condensers. This minimised the frequent
vacuum breaks, which occurred in the condensers (on account of the high cooling water
temperatures) and also ensured better operating process parameters.

Financial Analysis
The annual energy savings achieved were Rs.0.32 million (assuming a cogeneration system
with 120 days of sugar season and saleable unit cost of Rs.2.50/kWh). This required an
investment of Rs.0.50 million, which had a simple payback period of 19 months.

Cost benefit analysis
• Annual Savings - Rs. 0.32  millions

• Investment - Rs. 0.50 millions

• Simple payback  - 19 months
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Case study 4

Installation of Regenerative Type Continuous Flat Bottom High
Speed Centrifugal for A - Massecuite Curing

Background
The syrup after concentration to its maximum permissible brix levels
in the vacuum pans is passed to the crystallisers. From the
crystallisers, the concentrated and cooled mass, comprising of
molasses and crystals are fed to the centrifugal, so that the mother
liquor and the crystals are separated, to obtain the sugar in the
commercial form.

The recent trend among the sugar mills is to install fully automatic
centrifugal. The many operations involved in the centrifuge are -
starting, charging, control of charging speed, closing These centrifugal
had the conventional type of braking system, with no provisions for
recovery of energy expended during changeover to low speed or
discharging speed.

The power consumption in these centrifugal were of the the
massecuite gate, acceleration, washing with superheated wash water
‚& steam, drying at high speed, change to low speed & control of
discharging speed, opening the discharge cone, drying out the sugar, and starting the next
charge.  All these  are carried out by an assembly of controls, programmed to operate in the
correct sequence.

At the end of the drying period, the centrifugal is stopped by means of a brake, which generally
consists of brake shoes provided with a suitable friction lining and surrounding a drum, on
which they tighten when released. Substantial amount of energy is expended in the process.
Of late, regenerative braking systems have been developed, which will permit the partial
recovery of the energy expended.

Previous status
One of the 4000 TCD sugar mills, had DC drives for their flat bottom high speed centrifugal
of 1200 kg/h capacity used for A - massecuite separation.

Benefits of regenerative type continuous centrifuge

Reduction in centrifuge power consumption

These centrifugal had the conventional type of braking system, with no provisions for recovery
of energy expended during changeover to low speed or discharging speed. The power
consumption in these centrifugal were of the partially recover the energy expended during the
discharge cycle.
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Energy saving project
The regenerative type of braking system was installed for all the flat bottom high speed
centrifugal used for A - massecuite curing.

Concept of the project
One of the most important characteristics of a regenerative braking system in an electric
centrifugal is that, it permits the partial recovery of the energy expended, during the discharge
cycle.

With AC current, this is obtained by means of a motor of double polarity, which can work with
half the normal number of poles. This regeneration is effective only down to about 60% of the
normal speed. However, this corresponds to more than half the stored energy. With DC
motors, a much greater proportion of the stored energy can be recovered.

With the present day motors, supplied with thyristor controls, regenerative braking is obtained
by reversing the direction of the excitation current, as the supply is unidirectional. The motor,
thus, works as a generator and the power generated (by recovery of energy during braking)
is fed back into the system.

Implementation status, problems faced and time frame
The regenerative type of braking system was installed for one of the flat bottom DC motor
driven high-speed centrifugal on a trial basis. Once, the satisfactory and stable operating
parameters were achieved, it was extended to the remaining centrifugal also.

There were no particular problems faced during the implementation of this project. The
implementation of the project was carried out over two sugar seasons.

Benefits achieved
The regenerative braking system recovers about 1.34 kW/100 kg of sugar produced, during the
discharge cycle and feeds it back into the system. Hence, the net power consumption of the
centrifugal with the regenerative braking system, is only 0.66 kW/100 kg of sugar produced.

Financial analysis
This project was implemented as a technology upgradation measure.

Replication Potential
This project has a high replication potential of implementation in more than 75 plants in the
country.
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Case study 5

Installation of Jet Condenser with External Extraction of Air

Background
The evaporators and pans are maintained at low pressures,
through injection water pumps.  These are one of the highest
electrical energy consumers in a sugar mill. The multi-jet
condenser, which are presently used in the sugar plants, do both
the jobs of providing the barometric leg, as well as removing the
non-condensibles.

The water injected into these condensers comprise of, spray
water for condensation and jet water for creating vacuum. The
water used for condensation needs to be cool, while the jet water
can be either hot or cold. So only a part of the water used in the
condenser needs to be cooled.

However, the vacuum levels which they give is less uniform and varies slightly with the
temperature of the hot water, which in turn depends on the quantity of vapour to be condensed.
of 3200 TCD.

With the expansion plans, for increasing the installed crushing capacity to 4000 TCD, the
installation of jet condensers with external air  extractor was considered.

They have a higher water consumption and require more powerful pumps, with consequent
high electric  power demand.

To overcome these disadvantages, the latest trend among the major sugar mills has been to
replace these multi-jet condensers with a jet condenser with external extraction of air.

Previous status
One of the sugar mills with an installed capacity of 2500 TCD, had the multi-jet condensers
for the creation of vacuum and condensation of vapours, from the vacuum pans and evaporator.

There were 11 injection water pumps of 100 HP rating, catering to the cooling water requirements
of these condensers. These pumps were designed to handle an average maximum crushing
capacity of 3200 TCD.

Benefits of jet condenser with external extraction of air Reduction in injection water pump
power consumption

Energy saving project
Along with the expansion plans of 4000 TCD crushing capacity, the multi-jet condensers were
replaced with jet condensers having external air extractor facility
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Concept of the project
The jet condensers with external extraction of air also works on the same  principle as that
of the jet condensers. The nozzle is placed at such a height that the water discharged by it
can be aspirated into the condenser. Since the quantity of air is very small, the water leaves
the nozzle at a temperature, practically equal to that at which it enters. The difference is not
easily detectable, by a thermometer.

Hence, a pump of low head can be utilised and it may be arranged, so that, it is not necessary
to pump the water, leaving the water actuated ejector condenser (which is used to ensure
condensation in the barometric column).

For this, it is sufficient that the water level in the intermediate channel below the ejector should
be about 4 m above the level in the channel at the foot of the barometric column.

The water in the intermediate channel is, thus aspirated into the condenser, as soon as the
vacuum approaches its normal value.

Implementation status, problems faced and time frame There were no problems faced during
the implementation of this project, except for the initial problem of identifying the ideal layout.
The entire project was taken up during the sugar off-season.

Benefits achieved
There was a significant drop in water consumption in these condensers, inspite of an increase
in crushing capacity (average maximum crushing of 4800 TCD). This resulted in reduction in
the number of injection water pumps in operation.

The new injection water pumping system includes - 5 nos. of 100 HP pump and 1 no. of 250
HP pump. Thus, there is a net reduction in the installed injection water pumping capacity of
about 350 HP (30% eduction). The actual average power consumption also has registered a
significant drop of nearly 180 kW, which amounts to an annual energy saving of 5,18,400 units
(for 120 days of sugar season).

Financial analysis
The annual benefits achieved are Rs.1.30 million (assuming a cogeneration system with 120
days of sugar season and saleable unit cost of Rs.2.50/kWh). This required an investment of
Rs.2.53 million, which had a simple payback period of 24 months.

Cost benefit analysis
• Annual Savings - Rs. 1.30  millions

• Investment - Rs. 2.53 millions

• Simple payback  - 24 months
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Case study 6

Installation of 30 MW Commercial Co-generation Plant

Background
The Indian sugar industry by its inherent nature, can generate
surplus power, in contrast to the other industries, which are
only consumers of energy. This is mainly possible because
of the 30 % fibre content in the sugar cane used by the
sugar mills. This fibre, referred to as bagasse, has good
fuel value and is used for generation of the energy required,
for the operation of the sugar mill.

The bagasse is fired in the boiler, for producing steam at
high pressures, which is extracted through various back-
pressure turbines and used in the process. This
simultaneous generation of Commercial

co-generation plant steam and power, commonly referred to as Co-generation.  Conventionally,
the co-generation system was designed to cater to the in-house

requirements of the sugar mill only. The excess bagasse generated, was sold to the outside
market.

In the recent years, with the increasing power‚ Demand-Supply™ gap, the generation of power
from the excess bagasse, has been found to be attractive. This also offers an excellent opportunity
for the sugar mills to generate additional revenue. Co-generation option has been adopted in
many of the sugar mills, with substantial additional revenue for the mills. This also contributes
to serve the national cause in a small way, by bridging the ‚Demand- Supply™ gap.

This case study describes the installation of a
commercial co-generation plant in a 5000 TCD mill.

Previous status
A 5000 TCD sugar mill in Tamilnadu operating for about
200 days in a year had the following equipment:

Boilers
• 2 numbers of 18 TPH, 12 ATA
• 2 numbers of 29 TPH, 15 ATA
• 1 number of 50 TPH, 15 ATA

Turbines
1 number 2.5 MW
1 number 2.0 MW
1 number 1.5 MW
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Mill drives
• 6 numbers 750 BHP steam turbines
• 1 number 900 BHP shredder turbine

The plant had an average steam consumption of 52%. The powerrequirement of the plant
during the sugar-season was met by the internal generation and during the non- season from
the grid.

Energy saving project
The plant went in for a commercial co-generation plant. The old boilers and turbine were
replaced with high- pressure boilers and a single high capacity turbine. The new turbine
installed was an extraction-cum- condensing turbine. A  provision was also made, for exporting
(transmitting) the excess power  generated, to the state grid. The mill steam turbines, were
replaced with DC drives. The details of the new boilers, turbines and the steam distribution
are as indicated below:

Boilers
• 2 numbers of 70 TPH, 67 ATA
• Multi-fuel fired boilers

Turbines
1 number of 30 MW turbo-alternator set (Extraction-cum-condensing type)

Mill drives
4 numbers of 900 HP DC motors for mills 2 numbers of 750 HP DC motors for mills 2
numbers of 1100 kW AC motors for fibrizer

Implementation methodology, problems faced and time frame
Two high capacity, high-pressure boilers and a 30 MW turbine was installed in place of the
old boilers and smaller turbine.

While selecting the turbo-generator, it was decided to have the provision for operation of the
co-generation plant, during the off-season also. This could be achieved, by utilising the surplus
bagasse generated during the season, as well as by purchasing surplus bagasse, from other
sugar mills and biomass fuels, such as, groundnut shell, paddy husk, cane trash etc.

The shortfall of bagasse during the off-season was a problem initially. The purchase of biomass
fuels from the nearby areas and the use of lignite solved this problem.

The entire project was completed and commissioned in 30 months time.

Benefits
The installation of high-pressure boilers and high-pressure turbo-generators has enhanced the
power generation from 9 MW to 23 MW. Thus, surplus power of 14 MW is available for
exporting to the grid.
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The following operating parameters were achieved:

Typical (average) crushing rate = 5003 TCD

Typical power generation

• During season = 5,18,321 units/day

• During off-season = 2,49,929 units/day

Typical power exported to grid

• During season = 3,18,892 units/day (13.29 MW/day)

• During off-season = 1,97,625 units/day (8.23 MW/day)

Typical no. of days of operation = 219 days (season) = 52 (off-season)

The summary of the benefits achieved (expressed as value addition per ton of bagasse fired)
is as follows:

Financial analysis
The annual monetary benefits achieved are Rs.204.13 million (based on cost of power sold
to the grid @ Rs.2.548/unit, sugar season of 219 days and off-season of 52 days). This
required an investment of Rs.820.6 million. The investment had an attractive simple payback
period of 48 months.

Cost benefit analysis
• Annual Savings - Rs. 204.13  millions

• Investment - Rs. 820.6 millions

• Simple payback  - 48 months
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Note :
Critical factors affecting power generation

The efficient operation of a co-generation system depends on various factors. This has a direct
bearing on the loss in power generation and the power exported to the grid.  Some of these
critical factors affecting the power generation (quantified as loss in generation per day) are as
follows:

• 1% drop in bagasse % in cane : 18300 units

• 1% increase in moisture content of bagasse : 6800 to 10200 units

• 1% increase in process steam consumption : 4200 units

• 1% drop in crushing rate : 5000 to 7400 units

• 1 hour downtime : 20600 units

• Drop in 1 ton of cane availability : 60 units

The above figures are based on the following operational parameters:

• Crushing rate : 5000 TCD

• Steam to bagasse ratio : 1 : 2.2

• NCV of bagasse (50% moisture) : 1804 kCal/kg

• Bagasse content, in % cane : 27%

Replication Potential
The sugar plants in India have tremendous potential for commercial cogeneration ie producing
steam at a higher pressure and selling the extra power generated to the grid.  The total
cogeneration potential yet to be tapped in India has been estimated to be about 100 MW.  The
investment potential for alteast say about 50 plants is Rs 4000 million.
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Case study 7

Replacement of Steam Driven Mill Drives with Electric DC
Motor

Background
Conventionally, steam turbines, are used as the prime
movers for the mills, in a sugar industry. These steam
turbines are typically, single stage impulse type turbines
having about 25 - 30% efficiency.

The recent installation of commercial cogeneration
system, with provision for selling the excess power to
the grid, has made the generation of excess power in a
sugar mill, very attractive. One of the methods of
increasing the cogeneration power in a sugar mill, is to
replace the smaller Previous status A 5000 TCD sugar
mill had six numbers of 750 HP mill turbines and one number of 900 HP shredder turbine.

The average steam consumption per mill (average  load of 300 kW) was about 7.5 TPH steam
@ 15 Ata. The steam driven mill drives had an  low efficiency mill turbines, with better
efficiency drives, such as, DC motors or hydraulic drives.

The power turbines (multi-stage steam turbines) can operate at efficiencies of about 65 - 70%.
Hence, the equivalent quantity of steam saved by the installation of DC motors or hydraulic
drives, can be passed through the power turbine, to generate additional power.

This replacement can aid in increase of net  saleable power to the grid, resulting  in additional
revenue for the sugar plant. This case study, highlights the details of one such project,
implemented in a 5000 TCD sugar plant.

Benefits of electric DC drives for mill prime movers
• Increased drive efficiency
• Additional power export to grid

Previous status
A 5000 TCD sugar mill had six numbers of 750 HP mill turbines and one number of 900 HP
shredder turbine.

The average steam consumption per mill (average load of 300 kW) was about 7.5 TPH steam
@ 15 Ata. The steam driven mill drives had an  efficiency of about 35%, in the case of single-
stage turbine and about 50%, in the case of two-stage turbines.

The plant team was planning to commission a commercial cogeneration plant. This offered an
excellent opportunity for the plant team to replace the low efficiency steam turbine driven mills,
with DC motors or hydraulic drives and maximise the cogeneration potential.
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Energy saving project
The plant team contemplated the replacement of the steam driven mills with electric DC
motors, along with the commissioning of the cogeneration plant.

Concept of the project
The conventional single stage impulse type steam turbines have very low efficiencies of 35%.
Hence, the steam consumption per unit of power output is very high.

A single high capacity steam turbine is more efficient as compared to multiple number of
smaller capacity steam turbines. Hence, the steam can be passed through the larger capacity
steam turbine to generate more saleable power.

The latest drives, such as, DC drives and hydraulic drives have very high efficiencies of 90%.
The steam saved by the installation of DC drives, can be passed through the larger capacity
power turbines of higher efficiency (about 65 - 70%), to generate additional saleable power.

Implementation methodology, problems faced and time frame
The steam turbine mill drives were replaced with DC drives, once the cogeneration plant was
commissioned. The modifications carried were as follows:

• Four numbers of 900 HP and two numbers of 750 HP DC motors were installed in place
of the six numbers of 750 HP mill turbines

• Two numbers of 1100 kW AC motors were installed for the fibrizer, in place of the single
900 HP shredder turbine

• There were no major problems faced during the implementation of this project. The
implementation of the project was completed in 24 months.

Benefits achieved
The comparative analysis of the operational parameters before and after the modification is as
follows:
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The steam consumption indicated, is the equivalent steam consumption in a power turbine, for
generation of additional power

The equivalent power saved (850 kW/mill) by the implementation of this project, could be
exported to the grid, to realise maximum savings. This amounts to about

Financial analysis
The annual energy saving achieved was Rs.62.37 million. This required an investment of
Rs.42.00 million, which had an attractive simple payback period of 9 months.

Cost benefit analysis
• Annual Savings - Rs. 62.37  millions

• Investment - Rs. 42.00 millions

• Simple payback  - 9 months
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Case study 8

Installation of an Extensive Vapour Bleeding System at  the
Evaporators

Background
The sugar industry is a major consumer of thermal
energy in the form of steam for the process.
The steam consumers in the process are -
evaporators and juice heaters (mixed juice,
sulphited juice and clear juice).

Out of these consumers, the evaporators which
concentrate the juice, typically from a brix content
of 10 - 11 to about 55 - 60 brix, consume the
maximum steam. The evaporators are multiple
effect evaporators,with the vapour of one stage

used as the heating medium in the subsequent stages.  In the older mills, the evaporators are
triple/quadruple effect and the vapour from the first effectis used  for the vacuum pans and
from the  second effect for juice heating.

In the modern sugar mills, efforts have been taken to reduce the steam consumption.  The
following approach has been adopted in the boiling house for reducing the steam consumption:

Increasing the number of evaporator effects the higher the number of effects, the greater will
be the steam economy (i.e., kilograms of solvent evaporated per ton of steam).

Typically, the present day mills, use a quintuple effect evaporator system.

Extensive vapour bleeding - the extensive use of vapour coming out of the different effects of
the evaporators are used for juice heaters and vacuum pans. The later the effect, the better
is the steam economy in the system.

Additionally, the following aspects were also considered in the cane preparation section and
milling section:

• Installation of heavy duty shredders, to achieve better preparatory index (> 92+ as compared
to the conventional 85+) for cane

• Installation of Grooved Roller Pressure Feeder (GRPF) for pressure feed to the mills. This
allows for better juice extraction from the cane.

• Lesser imbibition water addition, on account of the better juice extraction by the GRPF,
resulting in reduction of boiling house steam consumption

This case study pertains to a sugar mill of 2500 TCD, where the above approach has been
adopted at the design stage itself, resulting in lower steam consumption.
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Conventional system
In a typical sugar mill, the most commonly used evaporators are the quintuple effect evaporators.

The typical vapour utilisation system in the evaporators comprises of:

• Vapour bleeding from II- or III- effect for heating (from 35 °C to 70 °C) in the raw (or
dynamic) juice heaters

• Vapour bleeding from I- effect for heating (from 65 °C to 90 °C) in the first stage of the
sulphited juice heater

• Exhaust steam for heating (from 90 °C to 105 °C) in the second stage of the sulphited juice
heater

• Exhaust steam for heating (from 94 °C to 105 °C) in the clear juice heaters

• Exhaust steam for heating in the vacuum pans (C pans)

The specific steam consumption with such a system for a 2500 TCD sugar mill is about 45
to 53 % on cane, depending on the crushing rate. However, maximum steam economy is
achieved, if the vapour from the last two effects can be effectively utilised in the process, as
the vapour would be otherwise lost. Also, the load on the evaporator condenser will reduce
drastically.

Many of the energy efficient sugar mills, especially those having commercial cogeneration
system, have adopted this practise and achieved tremendous benefits. The reduced steam
consumption in the process, can result in additional power generation, which can be exported
to the grid.

Present system
In a 2500 TCD sugar mill, the extensive use of vapour bleeding at evaporators, was adopted
at the design stage itself. The plant has a quintuple-effect evaporator system. This system
comprises of:

• Vapour bleeding from the V- effect, for heating (from 30 °C to 45 °C) in the first stage of
the raw juice heater

• Vapour bleeding from the IV- effect, for heating (from 45 °C to 70 °C) in the second stage
of the raw juice heater

• Vapour bleeding from the II- effect, for heating in the A-pans, B-pans and first stage of
sulphited juice heater

• Vapour bleeding from the I- effect, for heating in the C-pans, graining pan and second stage
of sulphited juice heater n Exhaust steam for heating in the clear juice heater

However, to ensure the efficient and stable operation of such a system, the exhaust steam
pressure has to be maintained uniformly at an average of 1.2 - 1.4 ksc.

In this particular plant, this was being achieved, through an electronic governor control system
for the turbo-alternator sets, in closed loop with the exhaust steam pressure. Whenever, the
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exhaust steam pressure decreases, the control system will send a signal to the alternator, to
reduce the speed. This will reduce the power export to the grid and help achieve steady
exhaust pressure and vice-versa.

Benefits achieved
The installation of the extensive vapour utilisation system at the evaporators has resulted in
improved steam economy. The specific steam consumption achieved (as % cane crushed) at
various crushing rates are as follows:

• At 2500 to 2700 TCD : 41% on cane

• At 2700 to 2800 TCD : 40% on cane

• At 2800 to 3000 TCD : 39% on cane

• At 3000 TCD and above : 38% on cane

Thus, the specific steam consumption (% on cane) is lower by atleast 7%. This means a
saving  of 3.5% of bagasse percent cane (or 35 kg of bagasse per ton of cane crushed).

Financial analysis
The annual benefits on account of sale of bagasse (@ Rs.350/- per ton of bagasse and 120
days of operation) works out to Rs.4.50 million. This project was installed at the design stage
itself. The actual incremental investment, over the conventional system, was not available.

Note :
In another sugar mill of 5000 TCD, the same project was implemented. The annual saving
achieved was Rs.11.00 million. This required an investment of Rs.6.50 million, which had an
attractive simple payback period of 8 months.

Cost benefit analysis
• Annual Savings - Rs. 11.00  millions

• Investment - Rs. 6.50 millions

• Simple payback  - 8 months
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Case study 9

Installation of Variable Speed Drive (VSD) for the Weighed
Juice Pump
Background
The sugarcane is crushed in the mill house, to separate the juice and the
bagasse. The juice obtained from the mill house is known as raw juice.
The raw juice is screened, to remove all suspended matter and any
entrained fibres. The juice is at this stage, known as strained juice.

The strained juice is then sent to a weigh scale, from where it gets
transferred to a weighed juice tank. This weighed juice is passed through
the primary/ raw juice heaters to the sulphiters, with the help of weighed
juice pumps. In the sulphiter, SO2 is injected continuously for colourremoval.

The flow of the weighed juice to the sulphiters through the juice heaters,
has to be maintained at a steady flow rate, to achieve uniform heating and
quality.

Previous status
In a 2600 TCD sugar mill, there was a weighed juice pump operating continuously to meet the
process requirements.

The pump had the following specifications:
• Capacity : 27.77 lps
• Head : 45 m
• Power consumed : 23 kW

Benefits of variable speed drive for weighed juice pump
• Reduction in juice pump power consumption
• Steady juice flow to juice heaters and Sulphitor

• Better quality of sulphitation

The flow from the weighed juice tank was not uniform. On one hand, the tank was getting
emptied, whenever the time between the tips of the weigh scale was more. On the other hand,
whenever the time between the tips was less, the level of juice in the tank builds-up. The tip
of the weigh scale is governed by, the cane crushing rateand also the quality (juice content)
of cane.

Moreover, the pump was designed for handling the maximum cane-crushing rate. The maximum
head requirement is only 25 m (equivalent to 2.5 ksc), while the pump had a design head of
45 m. This also contributed to the excess margins in the pump, leading to operation with
recirculation control.

Hence, to keep the juice flow smooth and avoid the tank from getting emptied, the pump was
operated with recirculation control. The pressure in the juice heater supply header, is maintained
by periodically throttling and adjusting the control valve in the recirculation line.
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The operations of a centrifugal pump with valve control or recirculation, are energy inefficient
methods of capacity control, as energy is wasted in pumping more quantity, than is actually
desired. In the above context, it is advisable to have a uniform flow of juice and also avoid
wastage of energy through re-circulation. This can be achieved in an energy efficient manner,
by varying the RPM of the pump.

Energy Saving Project
The plant team decided to conduct trials with a suitable variable speed mechanism for the
weighed juice pumps. A variable speed system will help achieve the RPM variation of the pump
and exactly match the varying capacity requirements.

Concept of the Project
The installation of a variable speed system, will not only ensure a consistent flow, resulting
inimproved quality of the product, but also, offer substantial energy savings.

Among the different variable speed systems, the installation of a variable frequency drive (VFD)
can result in maximum energy savings. The VFD can be put in a closed loop with the discharge
pressure.

This will enable constant flow of juice to the juice heater and sulphiter, irrespective of the level
in the juice tank. The discharge pressure set point can be adjusted periodically,depending on
the crushing rate or number of tips manually.  In the new sugar mills, the number of tips and
time interval between the tips is measured. This can be used by the VFD, for automatically
varying the juice flow through the system, according to the rate of crushing.

Benefits Achieved
The installation of a Variable Frequency Drive for the weighed juice pump, resulted in the
following benefits:

• Consistent and steady flow to the juice heaters
• Improved quality of sulphitation, as the juice flow was steady
• Reduced power consumption by an average of 11 kW (a reduction of about 30 - 40%).

However, the installation of a VFD at a later stage, can result in maximum energy savings. The
installation of a VFD, can result in the reduction of the average power consumption by atleast
another 40 - 50%.

Financial Analysis
The annual energy saving achieved (with the
installation of a dyno-drive) was
Rs.0.236 million. The investment made wa
Rs  0.25 million, with an attractive payback
period of 12 months.

Replication Potential
Every sugar plant has about 10 -12 juice pumps
in operation.  The potential for application for VFD exists in atleast 3 pumps.  This project has
been taken up only in few of the newer sugar plants.  The investment potential (100 plants x
Rs 0.5 million/plant) is Rs 50 million.

Cost benefit analysis
• Annual Savings - Rs. 0.24 millions

• Investment - Rs. 0.25 millions

• Simple payback  - 12 months
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Case study 10

Installation of Thermo-compressor for use of Low Pressure
Steam

Background
The sugar industry has many steam users - both iolively
medium pressure (MP) steam and exhaust steam. Some of
these live steam users  can be totally replaced with exhaust
steam, while in some other users, the live steam consumption
can be partially replaced with exhaust steam.

One such live steam user in a sugar mill is the adjoining
distillery. A typical distillery requires steam at about 0.7 - 0.9
ksc for the distillation column and about 1.0 - 1.2 ksc for the
ENA column. The exhaust steam pressure of 0.4 ksc available
from the sugar mill, will not be able to cater to this requirement.
Hence, live steam is drawn from the 8.0 ksc header and
dropped to 1.5 ksc, through a pressure-reducing valve, for use
in the distillery.

Any conservation measure, which can replace/ minimise the
live MP steam consumption, can result in maximising the
cogeneration in a sugar mill. One such method of minimizing the MP steam consumption is
by the installation of a thermo- compressor.

The thermo-compressor, by passing a very small quantity of MP steam can iacompresslr the
waste exhaust steam (typically about 0.4 ksc) available in the sugar mill. The resultant LP
steam (typically about 1.5 ksc) can be utilised for any process steam requirement, such as
the distillation column and ENA column in a distillery.

This modification can result in minimising the usage of MP steam consumption, effectively
utilise the heat value of exhaust steam and maximise the cogeneration potential.

Previous status
In a typical 4000 TCD sugar mill
in Maharashtra, the turbine
exhaust steam at 0.40 ksc, was
continuously vented out. The
quantity of the steam vented,
amounted to about 6300 kg/
h.There were no process users
in the sugar mill or the distillery,
which could utilise this exhaust
steam of 0.40 ksc.
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The distillery required 10 TPH of steam at 1.5 ksc. A separate boiler was meeting the steam
requirements of the distillery. The sugar mill boiler met any additional requirement of steam.
In both the cases, steam was generated at 8 ksc and reduced to 1.5 ksc through a pressure-
reducing valve.

Benefits of thermo compressor
• Increased co-generation

• Additional power export to grid

The expansion of steam through a pressure-reducing valve is not a good system, as no power
is generated with pressure reduction. The turbine exhausts steam, instead of being venting
out, could be converted to medium /high-pressure steam through thermo-compression and
used to meet the steam requirements of the distillery.

Energy saving project
A thermo-compressor system was installed, for reusing the turbine exhaust steam, in the
distillery. The resultant MP steam saved in the distillery, was passed through the power generating
turbines, for generation of additional power.

Concept of the project
In the thermo-compressor body, high or medium pressure motive steam accelerates through
thenozzle. As it enters the suction chamber at supersonic speeds, it entrains and mixes with
low-pressure exhaust steam, entering from the suction inlet.

The resultant steam mixture then enters the convergent-divergent diffuser. In this section, the
velocity reduces and its kinetic energy is converted to pressure energy. The steam discharged
by the thermo-compressor is then recycled to a localised process.

The resultant discharge steam is available at a pressure, suiting the particular process
application.The outlet steam pressure and quantity can be designed, by varying the velocity
and quantity of the motive steam and fine-tuning the configuration of the thermo-compressor.

Implementation methodology, problems faced and time frame
A thermo-compressor system along with the associated mechanical hardware including traps,
strainers, safety valves etc., and flow control instrumentation on the motive steam, was installed.
The thermo-compressor operating parameters are

• Motive steam : 3700 kg/h at 20 ksc

• Suction steam : 6300 kg/h at 0.4 ksc

• Discharge steam : 10000 kg/h at 1.5 ksc

There were no problems faced during the implementation of this project. Moreover, the thermo-
compressor operation is maintenance free. The system was installed in 6 months time.
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Benefits
The resultant 1.5 ksc steam obtained by thermo-compression of exhaust steam, was directly
used in the distillery. This reduced the passing of high/ medium-pressure steam through the
pressure-reducing valve.

Financial analysis
The annual energy saving achieved was Rs.6.00 million. This required an investment of Rs.2.00
million, which had a very attractive simple payback period of 4 months.

Replication Potential
there are about 50 plants in India with distillery integrated with the sugar mill.  The possibility
of installing a thermo compressor exists in majority of the plants.  The investment potential for
this project is therefore Rs 100 million.

Cost benefit analysis
• Annual Savings - Rs. 6.0  millions

• Investment - Rs. 2.00 millions

• Simple payback  - 4 months
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Case Study 11

Installation of Hydraulic Drives for Mill Prime Movers

Background
The mill prime movers in sugar mills are typically steam turbines. The
use of steam turbines as prime movers gained popularity over the
earlier steam engines, on account of its simple design and operational
flexibility, even though it has a very high specific steam consumption.

These steam turbines are single stage impulse type turbines. They
are characterised by very low efficiencies of 35 to 40%. The efficiency
of the steam turbines remains at optimum levels, only when the input
steam parameters and speed are kept at the rated level. Even with
moderate  steady steam parameters and speed, the steam turbine
driven mills require about 25 - 30% more running power over that
actually required.

With the normally prevalent steam pressure fluctuations in the sugar
mills, its consequent effect on efficiency of the steam turbines and the
increasing trend towards commercial cogeneration systems, the trend

of late, is to replace these steam turbines with either DC drives or hydraulic drives.

The benefits of installing DC drives, have already been discussed in the other case study
described. This case study highlights the benefits of installing hydraulic drives in place of
steam turbines for themill prime movers.

Benefits of hydraulic drives for mill prime movers
• Increased drive efficiency

• Stable operation

• Reduced maintenance

One of the sugar mills had the following mill drive configuration:

• For 6 mill system- 600 BHP rating steam turbine x 3 nos. (2 mills driven by a single steam
turbine)

• For 4 mill system - 600 BHP rating steam turbine x 2 Nos. (2 mills driven by a single steam
turbine) This configuration was designed to cater to the initial installed capacity of 2500
TCD.

The following operational parameters were observed:

• The specific steam consumption of these steam turbines were 24 kg/kW, as compared to
the specific steam consumption of 13 kg/kW in the power turbines.

• Speed range and speed accuracy were very poor

• Adaptability to complex system is difficult
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• Monitoring of power consumption is not possible

• The overall efficiency is only of the order of 27 to 30%

• Maintenance and lubrication requirements are very high

• Space requirements are large

The plant teams had plans to increase the cane crushing capacity to 4000 TCD. The inherent
disadvantages of the steam turbines can be overcome, especially after the proposed increase
in cane crushing rate, by the installation of hydraulic drives.

Energy saving project
The steam turbines used as mill drives were partially replaced by hydraulic drives, during the
capacity upgradation activity.

Concept of the project
The hydraulic drives are a combination of two components - the pump normally driven by an
electric motor and the hydraulic motor, which runs by the displacement of oil. The speed of
the motor depends on the rate at which the displacement of oil takes place. The hydraulic drive
works on the principle of high torque delivery at low speeds. The torquedelivered is directly
proportional to the system pressure and the speed is directly proportional to the oil flow.

The advantages of hydraulic drives are as follows:

• High transmission efficiency - the overall efficiency of converting steam power into shaft
power for a hydraulic system is about 58%. This results in substantial power savings

• Very low inertia enabling the system operation on load

• Upgradable modular design

• Easy adaptability on existing mills

• Simple to operate

• Instantaneous and unlimited reversal of rotation, enabling quick response to load changes

• Compact unit, resulting in space savings

• Reliable and rugged design

• Minimal foundation work

• Alignment problems eliminated, thereby minimising maintenance

Due to the above-mentioned advantages, hydraulic drives are increasingly replacing the
conventional steam turbine mill drives.
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Implementation status, problems faced and time frame
The mill configuration was altered, to cater to the capacity upgradation of 4000 TCD, as per
the following:

The second mill drive of the 6-mill system was removed and added as the fifth mill drive of
the 4-mill system, thus, making two 5-mill systems.

The last four mill steam turbine drives (of the old 6-mill system) were replaced with hydraulic
drives of 300 kW each.

The new fifth mill drive (of the modified 4-mill system) was provided with an hydraulic drive
of 600 kW rating.

There were initial technical problems related to the oil-pumping unit, which was rectified by the
supplier. Apart from this, there were no particular problems faced during the implementation
of this project.

The entire implementation was taken up during the off-season and was completed in 6 months
time.

Benefits achieved
The net installed power consumption reduced from 0.895 kW/TCD (for average crushing of
2500 TCD) to 0.509 kW/TCD (for average crushing of 4800 TCD). In addition, very stable
operating conditions (constant crushing) are being achieved, at almost negligible maintenance
costs.

Financial analysis
This project was implemented as a technology upgradation measure. The installation of hydraulic
drives helps in achieving mechanical, electrical and process benefits. Hence, the saving achieved
could not be exactly quantified. The entire modification required an investment of Rs. 25.00
million.

Cost benefit analysis
• Investment - Rs. 25.00 millions
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Case study 12

Install nozzle governing system for multi jet condensers

Background
Sugar Syrups are normally boiled at 0.15 bar absolute pressure generating water vapours at
52 degree C saturation temperature. Each Sugar factory releases 30 - 200 Ton Vapours
through 5 - 30 boiling vessels called Vacuum Pans. Latent Heat of these vapours is absorbed
by cold water sprayed in the individual Condenser attached to each vessel. Air and non-
condensable gases are removed by inbuilt Water Jet Ejectors of the Condenser. Temperature
of water increases due to absorption of Latent Heat of the Vapour. Either Cooling Tower or
Spray Pond cools this heated water by transferring this heat to ambient air by heat and mass
transfer.

The Condenser consists of multiple Spray and Jet Nozzles. Spray & Jet Nozzles are primarily
needed for condensation and for non-condensable gas/air ejection through tail pipe for the
creation of vacuum in the Pan. The cold water flowing in from Spray-Pond /Cooling Tower is
supplied to the Condenser by Injection Pumps under pressure for the said purpose.

Conventional Systems
Following methods are adopted to control the flow of water in the Condenser to maintain
correct vacuum and reduce consumption of water. Both the methods use pressure governing
to regulate water flow.

Single Valve Control
A common control valve regulates pressure to both Jet & Spray Nozzles. Control valve starts
regulating water pressure when both vapour and non-condensable gases load are
simultaneously within limits of the Condenser. Any increase in either vapour or air load beyond
Condenser capacity at reduced pressure will lead to 100% opening of valve. Thus vacuum is
maintained with set values.

Double Valve Control
Two separate control valve regulate the pressure of Jet & Spray Nozzles separately. At lower
vapour load the Spray Nozzles control valve starts regulating the water pressure. Similarly at
lower non-condensable gases load it’s control valves saves water and controls vacuum by
lowering jet box pressure. Any increase in vapour or air load beyond Condenser capacity at
reduced pressure will lead to 100% opening of that valve. Thus vacuum is maintained within
the set values.

Drawbacks in Conventional Systems
The efficiency of Condenser is reduced due to loss of pressure Head and lowering in Spraying
Pressure owing to throttling of valve and the basic purpose of the equipment to create the
desired vacuum fails.
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The vapour and air load variation in Condenser is 0 to 125% of designed capacity separately.
Initially, air load is more, in the middle vapour load more and by the end there is no air/ vapour
load. So Condenser’s requirement varies from time to time.

Proposed nozzle governing system
Spray & Jet Nozzles should always work at high differential pressure to achieve mist formation
(for condensing) and impact (air extraction). In the proposed automation system, water supply
is controlled by opening or closing of number of Spray & Jet Nozzles. So a Nozzle always
works at high pressure and efficiency. Here all the Nozzles are transferring entire pressure
energy into the Condenser resulting in good efficiency even at 15% capacity. Here there is no
loss of energy in the throttling. where almost 75% energy loss takes place after the valve at
50% flow rate (92% Energy loss at 25% flow rate). So nozzle governing system is far superior
then controlling system.

Advantage in this system
The nozzle governing system for Multi-jet Condenser will ensure optimum utilisation of hydraulic
energy of water provided to it by the Pumps. It also ensures best Condenser efficiency even
at 25% load.

Energy Saving Project
In a 6750 TCD plant, a nozzle governing system was introduced for controlling the water flow
to the condenser.  A 6750 TCD [Tons (Cane) Crushing per Day) Plant was consuming 1150
kWh of Power at Cooling & Condensing System, which has now been brought down to 450
kWh, after the installation.

Benefits of the project
There was a substantial reduction in power consumption of the injection water pumps.  The
power consumption of injection with pumps reduced from 1150 units/ton to 450 units/ton.

Financial Analysis
The annual saving achieved on account of the automation system resulted in Rs 19.0 millions.
The investment made was Rs 5.0 millions, which was paid back in 3 months.
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Case Study 13

Installation of Fully Automated Continuous Vacuum Pans for
Curing

Background
The vacuum pan is vital equipment, used in the
manufacture of sugar. The concentrated syrup coming
out of the evaporator at around 60-65 Brix is further
concentrated in these pans. This is a critical process
for the production of good quality sugar and involves
removal of water and deposition of sugar molecules
on the nuclei.

Massecuite boiling is conventionally carried out by
batch process in the Indian sugar industry.

These pans are characterised by the following:

• The hydrostatic head requirement is high

• Higher hydrostatic heads necessitate higher massecuite boiling temperatures, which aid
colour formation

• Massecuite looses its fluidity, especially towards the end of the batch cycle

• Higher boiling point elevation results in lower heat flux, for a given steam condition

• Consumes very high steam, by design - due to the non-uniform loading cycle, unloading
cycle and pan washing cycle times

Of late, the continuous vacuum pans have been developed and installed in many sugar plants
with substantial benefits. This case study highlights the benefits of installing a continuous
vacuum pan for curing.

Previous status
One of the sugar mills, had the following pan configuration for the massecuite curing:.

v Batch vacuum pans of 40 Tons holding capacity (11 nos.)
• 5/ 6 nos. for A – massecuite
• 4 nos. for B - massecuite
• 2/ 3 nos. for C - massecuite

v Batch vacuum pans of 80 Tons holding capacity (3 nos.)
• 2 nos. for A - massecuite
• 1 no for B massecuite

v Continuous vacuum pan of 135 tons holding capacity

• 1 no. for C - massecuite
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The above configuration was designed for 6000 TCD capacity. The following operational
parameters were observed:

• The steam consumption was erratic, as it was dependent on various factors, such as,
loading time, unloading time, pan washing and cleaning.

• The evaporation rates are erratic - they are high during start-up and progressively reduces
towards the end of the batch cycle

• The S/V ratio is low (~ 6)

• Hydrostatic head requirement is high (about 3.0 - 3.5 m)

• Average retention time is very high

• Requires very frequent cleaning of the pan body

• Less adaptable to automation

To overcome these inherent shortcomings and to cater to their capacity upgradation plans to
8000 TCD, continuous vacuum pans were installed for all three types of massecuite curing.

Energy saving project
Consequent to the capacity upgradation to 8000 TCD, continuous vacuum pans were installed
for A- massecuite, B- massecuite and C- massecuite curing.

Concept of the project
A continuous operation of a vacuum pan means, a complete integrated system comprising of
the sub-systems, covering total control of the inputs and outputs. The operation of the pan
in a continuous manner, makes it easy for automation and installing control systems.

The latest continuous vacuum pans are being installed with predictive control systems, which
ensure a steady and more consistent operation of the pan. Besides these automation facilities,
the continuous vacuum pans have many advantages:

• There is no heat injury to the sugar crystal, due to reduced hydrostatic head and lower
boiling point elevation

• The use of smaller diameter tubes provides greater heating area per unit of calendria. This
aspect gives more flexibility on thermal conditions of the steam that can be used.

• This also allows maximum evaporation rates, commensurate with maximum possible
crystallisation rates

• Facilitates the use of low pressure steam, on account of increased transmission coefficient,
brought about by higher circulation rate of massecuite

• Reduction in steam consumption by 10-20%, as compared to the batch pans

• On account of reduction in steam consumption, the condensing and cooling water power
consumption also gets reduced

• There is no draining, rinsing as in batch process, which cause thermal losses and dilution
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• The coefficient of variation of crystal size is equivalent to or better than in batch pans, on
account of plug flow conditions and multi-compartment design

• The continuous vacuum pan is automated, resulting
in simpler operation

• They are compact and hence, the space
requirement is much lower

The continuous vacuum pans have gained immense
popularity on account of the salient features mentioned
above.

Implementation status, problems faced and time frame
During the expansion stage (8000 TCD), the batch pans were replaced in phases and the new
configuration is as follows:

v Continuous vacuum pans of 40 tons holding capacity (5 nos.)

• 1 no. for A - massecuite

• 2 nos. for B - massecuite

• 2 nos. for C - massecuite

v Continuous vacuum pans of 80 tons holding capacity (2 nos.)

• 2 nos. for A - massecuite

v Continuous vacuum pan of 135 tons holding capacity (4 nos.)

• 2 nos. for A - massecuite

• 1 no. for B - massecuite

• 1 no. for C - massecuite

The experience of having operated a continuous vacuum pan for the C- massecuite, enabled
the operators to gain first hand working knowledge and trouble-shooting skills. Hence, there
were no particular problems faced, during the phased replacement of the remaining batch
vacuum pans, with continuous vacuum pans.

The replacement of all the batch vacuum pans with continuous vacuum pans was completed
in two sugar seasons.

Benefits achieved
The following benefits were achieved by the installation of continuous vacuum pans:

v The continuous pans facilitate the use of low-pressure steam.
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• The vapour bleeding from the II - effect of evaporator, for heating in the A - pans and
B- pans

v The vapour bleeding from the I - effect of evaporator, for heating in the C- pans

• The continuous pans enable stabilised operation of the evaporators

v Reduction (10 - 20%) in steam consumption as mentioned below:

Identity                                   Steam consumption (kg/ ton of massecuite)

With batch With continuous
vacuum pan vacuum pan

A - massecuite Not available Not available

B - massecuite 242 229

C - massecuite 354 313

• Improved grain size quality

• Reduced sugar loss

• Heat balance optimisation

Financial analysis
The annual equivalent energy saving achieved was Rs.19.26 million (for 120 days sugar
season and bagasse cost of Rs.250/MT). This required an investment of Rs.100.00 million,
which had a simple payback period of 63 months.

Replication Potential
The installation of continuous vacuum pans through a proven project has been taken up only
in about 20% of the plants.  The potential of replication is therefore very high.  However, the
commercial viability of the project is high, only in case of plants with commercial cogeneration.

Cost benefit analysis
• Annual Savings - Rs. 19.26  millions

• Investment - Rs. 100.0 millions

• Simple payback  - 63 months
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Sugar Consultants

Boilers
AVANT – GARDE ENGINEERS AND
CONSULTANTS (P) LTD.
No. 58, Fourth Avenue,
Ashok Nagar,
Chennai – 600083,
INDIA
Tel : 91 44 4894457, 4894460, 4894474,
Fax : 91 44 4894432
E Mail :avantgar@giasmd01.vsnl.net.in,
Web Site : www.ag-india.com

M/S J . P. MUKERJEE & ASSOCIATES PVT.
LTD.
JYOTI HOUSE,
172, DHANUKAR COLONY,
KOTHRUD , ‘
PUNE - 411029,
INDIA
TEL: 91 212 347303,
FAX : 91 212 347307

M/S K.S.PROJECTS & PROCESS
ENGINEERS (P) LTD.
A-1/18, SECTOR - B
ALIGANJ EXTENSION,
LUCKNOW - 226024.
INDIA
TEL : 91 522 375042, 377166. 
FAX : 91 522 377166

P.J.INTERNATIONAL GROUP CONSULTANTS
A-101,YAMUNA APARTMENTS,
ALAKNANDA,
NEW DELHI-110019
INDIA
TEL: 91 11 6461081,
FAX:91 11 6474514

M/S SUCRO CONSULT INTERNATIONAL
SACCHARUM ,
E- 1, Greater Kailash Enclave 1,
New Delhi - 110048,
INDIA
Tel : 91 11 641616

NATIONAL FEDERATION OF
COOP.SUGAR MILLS
VAIKUNTH, IIIRD FLOOR,
82-83, NEHRU PLACE,
NEW DELHI-110 019
INDIA

Shri A.P.Chinnaswamy
Ponn Ram Sugar House,
Krishnamal Cross Street No 1, PO :

K.K.Pudur, Sai Baba Colony
COIMBATORE - 641038,
INDIA

SHRI M.G.JOSHI
3, Vasant Bagh Society,
Bimbewadi,
PUNE- 411037
INDIA
Tel: 91 20 4214945

Shri Mydur Anand
27/106, 11-B, 11th Main,
Malleshwar,
BANGLORE - 560 003
INDIA
Tel : 91 11 3311223, 3346873
Fax : 91 11 3349573

SHRI P.K.JHINGAN
M/S SUPRABHAT CONSULTANTS
43-B,Pocket A,
SFS Flats, Mayur Vihar Phase 3
NEW DELHI - 110049,
INDIA
TEL: 91 11 2610094,2610072,
Fax: 91 11 2614559
E Mail: superbhat@nyeq.com

SHRI VIKRAM SINGH
C-2/2305,VASANT KUNJ
NEW DELHI.
INDIA
Tel: 91 11 6898884

Alfred Bartholomai
Hansen Consulting
Atlanta, Georgia  USA

Consultants to the food industry
www.hansenconsulting.com

Equipment Manufacturers
ATV PROJECTS INDIA LIMITED
D-8, MIDC, STREET
NO.16, MAROL, ANDHERI (EAST),
MUMBAI-400 093.
INDIA
TEL : 91 22 8351761,
FAX : 91 22 8365786, 8387592

FCB-K.C.P.LTD.
RAMAKRISHNA BUILDING,
2, DR.P.V.CHERIAN CRESCENT,
CHENNAI-600 105.
INDIA
TEL : 91 44 8241633,
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FAX : 91 44 8230306
EMAIL : fcbkcp@vsnl.com

KRUPP INDUSTRIES INDIA LTD.
PIMPRI,
PUNE-411 018, INDIA
TEL : 91 212 774461,
FAX : 91 212 771150
EMAIL : krupp@giaspn01.vsnl.net.in

NATIONAL HEAVY ENGINEERING
CO-OPERATIVE LTD.
16, MAHATMA GANDHI ROAD,
PUNE-411 001, INDIA
TEL : 91 2114 22261,
FAX : (0212) 644920
E Mail : nhecl.talegaon@gems.vsnl.net.in

PRAJ INDUSTRIES LIMITED
PRAJ HOUSE, BAVDHAN,
PUNE- 411 021, INDIA
TEL: 91 2139 51511, 52214,
FAX: 91 2139 51718, 51515
E MAIL : info@praj.net
WEB : www.praj.net

ALCOHOL / DISTILLERY PLANT :
Turnkey plant and equipment supplier
for molasses and starch based alcohol plants
B-196, OKHLA INDL.AREA,
PHASE-I,  NEW DELHI-110 020. INDIA
TEL : 91 11 6811878, 6811721, 6815047,
FAX : 91 11 6812280
E Mail: triveni@del2.vsnl.net.in

TEXMACO LTD.
Sugar Division, Birla Bldg.,
9/1,R.N.Mukerjee Marg,
CALCUTTA - 700 001,
INDIA
TEL: 91 33 205712, 205553

UTTAM INDUSTRIAL ENGG. LTD.
7C, J-BLOCK SHOPPING CENTRE,
SAKET, NEW DELHI-110 017.
INDIA TEL : 91 11 6563860, 6856721, 6858578, 
FAX : 91 11 6856721

WALCHANDNAGAR INDUSTRIES LTD.
16, M.G. ROAD, PUNE-411 001.
INDIA  TEL : 91 212 631801,
FAX : 91 212 631747

Chemical suppliers for sugar industry
AQUA CHEMICALS
B-237 A, Road No :6-D,
V.K.Industrial Area,

Jaipur 302013, Rajashtan,
INDIA Tel:91-141-331542,260183
260184(O)517574,700909(R),
FAX:91-141-331543
E Mail: jayantrajvanshi@hotmail.com   
Contact Person: Mr.Jayant Rajvanshi
SPECIALIST IN: Boiler Water Treatment
Chemicals, Cooling Water Treatment
Chemicals, Effluent Treatment Chemicals ,
Sugar Specialty Chemicals, Industrial Safety
Equipments

AISHWARYAA CHEMICALS
101/12, Om Apartments,
Medavakkam Tank Road,
Kilpauck,  Chennai 600010,
INDIA TEL: 91 44 6422851,6414419,
FAX: 91 44 6431605
E mail: raja.aishwaryaa@gems.vsnl.net.in
SPECIALISTS IN:Process Chemicals

CENTRAL AGENCIES
All kind of Sugar Process Chemicals
4672 / 21, DARYA GANJ,
NEW DELHI - 110002 - INDIA
TEL : 91 11 3273662,3266023,
FAX : 91 11 3278554
EMAIL : catech@ndb.vsnl.net.in

INDUSTRY AID PRODUCTS
160, Dr. D N ROAD, FORT,
MUMBAI 400001 - INDIA
TEL : 91 22 207747,
FAX : 91 22 2074249
E Mail: kiran_vaidya@hotmail.com

CHEMICAL SYSTEMS
D 57-58, Amar Colony,
Lajpat Nagar-IV,
New Delhi – 110024, INDIA
Tel : 91 11 6476344, 6438807
Fax : 91 11 6476352
E Mail  Indoam@del2.vsnl.net.in
SPECIALISTS IN: CHEMICALS FOR
BETTER SUGAR PRODUCTION

ION EXCHANGE (INDIA) LTD.
Tiecicon House, Dr. E Moses Road,
Mahalaxmi Mumbai – 400011
Tel :91 22 4939520/23/25,
Fax : 91 22 4938737
SPECIALISTS IN: Process Chemicals

MULTITRADE CORPORATION
401, GORADIA HOUSE,
100/104, KAZI SAYAD STREET,
MUMBAI 400003 - INDIA
TEL : 91 22 3439360,
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FAX : 91 22 3429140

CHEMICAL CENTRE (INDIA)
7/26 ANSARI ROAD
DARYA GANJ
NEW DELHI -110002 - INDIA
TEL : 91 11 3267775 3253336,
FAX : 98-11 -3268834

KULKARNI ORGANICS PVT. LTD
172, SHANIWAR PETH,
TRIMBAKESHWAR CO-OP. HOUSING
SOCIETY,
PUNE - 411 030 - INDIA
TEL : 91 212 450934 / 532090

P.K.B. TRADERS
75, NAGDEVI CROSS LANE,
2ND FLOOR, R B. NO. 13043, 
MUMBAI - 400003 - INDIA
TEL : 91-22-3400581, 344T228, 3 (R) 5163635 ,
FAX : 91-22-3401630

King – Win Hydro Chem Ltd.
C-26-B, Malviya Industrial Area,
JAIPUR 302017, INDIA
Tel : 91 141 521205, 522924 ,
Fax : 91 141 522694
E Mail :kingwins@jp1.vsnl.net.in

SURYA CORPORATION
27, Chetty Street,
PONDICHERRY 605001, INDIA
TEL: 91 413 220309, 345221
FAX: 91 413 339733,345221
E MAIL: aurosale@md2.vsnl.net.in

Sugar Machinery
AVANT – GARDE ENGINEERS AND
CONSULTANTS (P) LTD.
No. 58, Fourth Avenue,
Ashok Nagar, Chennai – 600083,
Tel : 91 44 4894457, 4894460, 4894474,
Fax : 91 44 4894432
E Mail :avantgar@giasmd01.vsnl.net.in,
Web Site : www.ag-india.com
SPECIALIST IN :’CONTINUOUS
BAGASSE FEEDING SYSTEM FOR BOILERS”.,

Abrasion Resistant Materials Pty Ltd
PO Box 546, Archerfield,
Queensland, 4108,
AUSTRALIA 
39 Randolph Street, Rocklea,
Queensland, 4106,
AUSTRALIA
Phone: 07 3277 9630,
Fax: 07 3277 9640

International callers:Phone: +61 7 3277 9630,
Fax: +61 7 3277 9640 E Mail:
armtim@arm.com.au
SPECIALIST IN : Maintenance free sugar mill
rollers

GOEL TRADELINES
14 RANI JHANSI ROAD,
NEW DELHI 110055
INDIA
TEL: 91 11 3551444,3679444,3613075,
FAX: 91 11 3613075
E MAIL : goel@sugar-ind.com
SPECIALIST IN : WEDGE WIRE SCREENS,
ROTARY JUICE SCREENS

FLENDER LIMITED
41, Nelson Manickam Road,
Aminjikarai
Chennai – 600029,
INDIA
Tel : 91 44 4810476/78/79/80
Fax : 91 44 4810473
SPECIALISTS IN Hydraulic Drives

Hagglunds Hydraulic Drives (India) Pvt. Ltd.
18/4 & 19/4, Hadpasar
Industrial Estate, Hadapsar ,
PUNE -411013, INDIA
TEL: 91 212 613841, 613842
FAX: 91 212 613844

Jeffress Engineering Pty Ltd
351 Melton Road, Northgate
Queensland Australia 4013
Phone +61 7 3266 1677,
Fax:+61 7 3260 5487
Email: sales@jeffress.com.au
Cutter Grinders, Disintegrators

KAMAL ENGINERRING CORPORATION
56, Industrial Estate,
Yamuna Nagar –135001
Tel : 91 1732 50300/1/2/3,
Fax : 91 1732 50304
SPECIALISTS IN: Weighing Scales, Sugar
Graders etc.

NATIONAL HEAVY ENGINEERING
CO-OPERATIVE LTD.
16, MAHATMA GANDHI ROAD,
PUNE-411 001,
INDIA TEL : 91 2114 22261,
FAX : 91 212 644920, 91 2114 22762
E Mail: nhecl.talegaon@gems.vsnl.net.in 
SPECIALIST IN : CENTRIFUGAL MACHINES
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NEON INNOVATIVE PVT. LTD.
31. Latif House, S.T.Road,
Carnac Bunder,
MUMBAI 400009 .
INDIA
TEL : 91 22 3426851,
FAX : 91 22 3429011 
E Mail: neon_Ipe@hotmail.com
SPECIALISTS IN: CANE MILLING
Low Pressure Extraction Systems

Maddocks and Associates Pty Ltd,
GDT Lining Systems SPECIALIST IN :
LOW COST MOLASSES STORAGE

PRAJ INDUSTRIES LIMITED
PRAJ HOUSE, BAVDHAN
PUNE- 411 021, INDIA
TEL: 91 2139 51511, 52214,
FAX: 91 2139 51718, 51515
E MAIL : info@praj.net
WEB : www.praj.net
ALCOHAL / DISTILLERY PLANT :
Turnkey plant and equipment supplier
for molasses and starch based alcohol plants
    
Single Tray Juice Clarifiers 
Filtrate Clarification Systems
Rotary Juice Screen

Suviron Equipments Pvt.Ltd.
Swaroop Kala,  23/11, Renavikarnagar, Savedi,
Ahmednagar 414 003 (India)
Telephone 91 241-423582 / 778711  Fax : 91
241-778711
E-mail : contact@suviron.com Web :
www.suviron.com
Person : Shri Subodh V. Joshi

SPRAY ENGINEERING DEVICES
Cooling & Condensing systems for
Sugar & Processing Plants
25, Industrial Area, Phase- II
Chandigarh INDIA – 160002
Tel : 91 172 652415
Fax : 91 172 653247

S.S. ENGINEERS
J – 179, M.I.D.C. Bhosari,
Pune – 411026,
INDIA
Tel :91 212 327567,
Fax : 91 212 328572 
E Mail: sse@wmi.co.in
 SPECIALISTS IN: Five/Six Roller MILLS

SNEHA ENGINEERS
F – 46, M.I.D.C.
Industrial Area,
Waluj, Aurangabad –431136,
MAHARASHTRA
INDIA
Tel : 0240 – 332585, 331695, 
Fax : 332796 SPECIALISTS IN:
Evaporators & Vacuum Pans

SHRIJEE ENGINEERING WORKS
1-9, Everest, 156 Tardeo Road,
MUMBAI - 400034, INDIA
Tel:91 22 4952248,4954699,4954715,
Fax: 91 22 4952249
E Mail: shrijee@bom3.vsnl.net.in
SPECIALISTS IN: Process House

Equipments, Sugar Driers
526, Narayan Peth,PUNE 411030 INDIA
Tel: 91 20 453360,454790,
Fax: 91 20 453970
SPECIALISTS IN: TRF
Cane Mill Feeding System.
UTTAM INDUSTRIAL ENGG.LTD.
7C, J-BLOCK SHOPPING CENTRE,
SAKET, NEW DELHI-110 017.
INDIA TEL : 91 11 6563860, 6856721, 6858578,
FAX : 91 11 6856721 SPECIALISTS IN: CANE
MILLING

GOEL ENGINEERS (INDIA)
INDIA’S FIRST MANUFACTURERS
OF CENTRIFUGAL LINERS
F-11/A OKHLA IND.
AREA, PHASE 1,
NEW DELHI 110020 INDIA
TEL: 91 11 2 6815109, 2 6812004,
FAX: 91 11 2 6811176
E MAIL : sales@goelka.com
web: www.goelka.com 
SPECIALIST IN : Screens for
BATCH CENTRIFUGALS &
FILTERS, BACKING WIRES
    
Suviron Equipments Pvt.Ltd.
Swaroop Kala,  23/11, Renavikarnagar, Savedi,
Ahmednagar 414 003 (India)
Telephone 91 241-2423582 / 2 Fax : 91 241-
2778711
E-mail : contact@suviron.com Web :
www.suviron.com
Person : Shri Subodh V. Joshi
Rotary Juice Screens,Single Tray Juice
Clarifiers 
Filtrate Clarification Systems Rotary Juice
Screens
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ATUL ELECTROFORMERS PVT. LTD
11,KUBERA ESTATE , 408/14 ,
CTS 10, Gultekadi Road,
PUNE 411037,INDIA
TEL : 91 20 2466398, 2464589 , 2468982,
Fax : 91 20 2462835
E Mail:atulefpl@vsnl.com
SPECIALIST IN :  Nickel Screens

FINE PERFORATORS
14 RANI JHANSI ROAD,
NEW DELHI 110055 INDIA
TEL: 91 11 23551444, 23679444,
FAX: 91 11 23613075
E MAIL : finehole@bol.net.in
SPECIALIST IN : Batch Centrifugal & Filter
Screens

SHRADDHA ENGINEERING COMPANY.
11,Rajgrah Apt. Krushinager,
College Road, Nashik-422005.India
“Jyoti” Sitarramnager,Near
Jaikranti College, Latur-4413531
Telefax : 91 253 355009 , 91 238 240759.
E Mail :shraddhaengg@rediffmail.com,
kbhujbal@yahoo.co.in, bhujbal@hotmail.com.
Person :Satish S. Sonar, Kishor M.Bhujbal.
Product Details : Designer and manufacturer
of Continuous Sulphur Burner, Pressure
Reducing and Desuperheather ,Juice
and Syrup Sulphitation Unit, Mollasses
conditioner, Superheated Wash Water System,
Boiler Automation, Auto Mill Imbibition Control
System.

CHEMICAL SYSTEMS
D 57-58, Amar Colony,
Lajpat Nagar-IV,
New Delhi – 110024, INDIA
Tel : 91 11 6476344, 6438807
Fax : 91 11 6476352
E Mail :Indoam@del2.vsnl.net.in
Satwik Electric Controls Pvt. Ltd
SUGAR PROCESS ENGINEERS
E / 12-13, M.I.D.C
Industrial Area,
NASHIK – 422 007, INDIA
Tel : 91 253 351072 / 77, Fax : 91 253 351079
E Mail :
control@satwik.xeeisk.xeemail.ems.vsnl.in

SPRAY ENGINEERING DEVICES
25, Industrial Area, Phase- II
Chandigarh 160002 INDIA
Tel : 91 172 652415
Fax : 91 172 653247
SPECIALIST IN Cooling & Condensing
systems for Sugar & Processing Plants

SHIVA HITECH NON CONVENTIONAL
SYSTEMS PVT. LTD.
107, Vijaya Towers,
Nagarjunanagar, Ameerpet,
Hyderabad 500073 INDIA
Tel : 91 40 3744675, 3740224, 3740432
Fax : 91 40 3745833
SPECIALISTS IN Magneto Hydro Dynamic
Systems

VISHWA Systems Pvt Ltd
W-155, M.I.D.C., Ambad,
Nashik 422010, INDIA
Tel: 91 253 385243, 380802, 380673.
Fax: 91 253 385243
E Mail: vishwa@bom6.vsnl.net.in
SPECIALISTS IN: Process Control Equipment
& Control Systems.Manufacturer of Sulphur
Burner, PRD Station, Transient Heater /
PH Control Systems, Molasses conditioner /
Juice Flow Stablisation Systems, Superheated
Wash water Systems, Lime Classifier

FORBES MARSHALL
Kasarwadi, , Pune – 411034, INDIA
Tel :91 212 794495, Fax : 91 212797413
SPECIALISTS IN: INSTRUMENTATION &
FLOW TECHNOLOGY

BELLISS INDIA LIMITED
18, Community Centre,
 East Of Kailash,
NEW DELHI 110065, INDIA
TEL: 91 11 6431836,
FAX: 91 11 6468089
E Mail : belliss@del2.vsnl.net.in
SPECIALIST IN Steam Turbine

DLF Industries Ltd.
Model Town, Sector 11,
FARIDABAD 121 006, INDIA
SPECIALIST IN Steam Turbine
TRIVENI ENGINEERING & INDUSTRIES LTD.
12-A, Peenya Industrial Area,
Peenya,  Bangalore 560058,
 INDIA
Tel :91 80 8394721, 8394771, 8395278
 Fax : 91 80 8395211
E Mail: mkt.tbg@gnblr.ems.vsnl.net.in
SPECIALIST IN Steam Turbine

Associations in India
THE SUGAR TECHNOLOGISTS’
 ASSOCIATION OF INDIA
C Block, 2nd Floor, Ansal Plaza,
August Kranti Marg,
New DelhiI-110 049,India. 
TEL : 91 11 6263694-95
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FAX : 91 11 6263694 staidel@vsnl.com
WebSite: www.staionline.org 

THE DECCAN SUGAR TECHNOLOGISTS
ASSOCIATION
17/1, Opp.Shivajinagar
S.T.Bus Stand,
Pune-411 005
Tel : 91 20 58575

The South Indian Sugarcane And Sugar
Technologists Association
21, Door No.5, Iiird Main Road,
Gandhi Nagar,
Chennai-600 020,
India
Tel : 91 44 4415934
Fax : 91 44 4402324,
E Mail:Sissta@Md4.Vsnl.Net.In

INDIAN SUGAR MILLS ASSOCIATION
SUGAR HOUSE, 39,
NEHRU PLACE,
NEW DELHI-110 019,
INDIA TEL : 91 11 6472554, 641671, 6462096
Other organizations in India

INDIA  
INDIAN SUGAR AND GENERAL
INDUSTRY EXPORT IMPORT CORP. LTD.
C Block, 2nd Floor,
Ansal Plaza, August Kranti Marg,
New DelhiI-110 049,India
Tel: 91 11 6263421 - 24,
 E Mail: isiec@yahoo.com 

NATIONAL FEDERATION OF
COOP.SUGAR MILLS LTD.
C Block, 2nd Floor, Ansal Plaza,
August Kranti Marg,
New DelhiI-110 049,India
Tel: 6263425, 6263426
Fax: 91 11 6463425
E Mail: nfcsf@ndb.vsnl.net.in

NATIONAL COOP. DEVELOPMENT CORPN.
4, Sirifort  Instn. Area,
Hauz Khas,
New Delhi-110 016.
India Tel : 6567475

SUGAR TECHNOLOGY MISSION
Department of Science &
Technology, Govt. of India
D-5, Apartment, Qutab Hotel,
New Mehrauli Road,
New Delhi -110016, India
Tel:91 11 6960599, 6960617 
Fax: 91 11 6863866

TAMILNADU COOPERATIVE
 SUGAR FEDERATION LTD.
474, Anna Salai, Nandanam,
CHENNAI 600035,
INDIA TEL:91 44 4330222

WINROCK INTERNATIONAL INDIA.
7 Poorvi Marg, Vasant Vihar,
NEW DELHI-110057,
INDIA TEL:91 11 6142965,
FAX:91 11 6146004
E Mail:winrockindia@winrock.ernet
Contact for Alternative Baggasse Cogeneration




