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ABSTRACT

This article presents a review of different technological options that 
are presently being practiced by sugar mills, and technological options 

indices used to gauge the thermodynamic performance of cogeneration 

The most important performance parameters used to assess the steam 
turbine cogeneration plants in general and sugar mill cogeneration 

utilization factor, heat-to-power ratio, fuel energy savings ratio, exergetic 

-

plants using backpressure and condensing steam turbines perform with 
-

-
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These performance indices will help plant designers and engineers in 
-

Key words:

Nomenclature
B Boiler

CHP Combined heat and power, see also cogeneration

Cond Condenser
HP High pressure
HT High temperature
MNES Ministry of Non-Convention Energy Sources

PH Process heater

-

the existing cogeneration systems, steam is generated in low-pressure 

in the sugar factories using all the bagasse as fuel for their low-pressure 

Although, sugar mills have always practiced the concept of 
bagasse-based cogeneration, there has, of late, been growing awareness 
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-

export surplus power to grid when the prices are attractive, or otherwise 

is universally accepted as desirable, economic, and environment friend-

-

fuels and can be extensively used in the boilers and furnaces for power 

-

The thermodynamics of thermal power plants has been a clas-

traditionally been the determination and maximization of thermal ef-

-

has less relevance to cogeneration plants, which provide both process 
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and process heat can be sold, so the CHP designer is not solely interested 

technological options that are presently being practiced by sugar mills 
and technology options that are identified as potentially promising 

the thermodynamic performance of a cogeneration system and facilitate 

on the indices used to measure the performance of cogeneration power 

The concept of cogeneration for exporting electricity from sugar 

-

temperature and hence power is generated through suitable waste 

the process at low temperature and therefore, power generation 

The prime technology used in the bagasse-based cogeneration 
power plants using steam turbines is the conventional “Rankine cycle,” 

-

describe the sugar manufacturing process and cogeneration of power 
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Sugar Manufacturing Process

Figure 1. Typical steps in a sugar manufacturing process
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-

2

2 in the 

2

Cogeneration of Power and Process Steam
Recovering energy from waste heat or utilizing it for system ef-

-

pressure steam generated is fed either to a backpressure steam turbine 
or to an extraction condensing steam turbine operating at similar inlet 

The exhaust steam from the backpressure turbine or the steam 
extracted from the extraction condensing turbine at the desired pressure 

-

pressure and temperature, as well as extraction and condensing modes 
of the turbine, surplus power is generated far in excess of the sugar 

the boilers are normally designed for multi-fuel operations, to ensure 

Evolution of HP/HT Steam Turbine Cogeneration Technology
The technology for generating electricity using solid fuels, through 
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the “Rankine cycle” route, is adopted by the power industry world over, 
-

able surplus power in sugar mills is generally selected to accommodate 

-

from traditionally used values started at 40 bar and increased later to 

-
portable surplus power from these power plants, increasing the pressure 

average increase in power exports achievable by increasing the pressure 

inlet conditions has more thermodynamic advantages because these 

improvement in performance values of these plants at steam inlet condi-
tions above 61 bar and 475°C are marginal, although there is substantial 

for design, manufacture and supply; construction; and operation and 
-

Cogeneration plants are normally designed either to satisfy the pro-
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plants are designed primarily to provide process steam and generate 

MNES task force has also recommended some possible models for the 

Extraction and Backpressure Steam Turbine Route [BPST]
This cogeneration system is the simplest and has been in use in 

factory produces only as much steam as is needed for its process, and 
-

Figure 2. Extraction and backpressure
steam turbine cogeneration plant
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Extraction Condensing Steam Turbine Route [CEST]

Condensing Route Based on Dual Fuel System

features are

Figure 3. Extraction condensing steam turbine cogeneration plant
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Cogeneration System (BIG-GT)

exhaust of the gas turbine is utilized in the waste-heat recovery boilers 

an advanced technology with the potential to be cost-competitive with 
conventional CEST technology using bagasse as fuel, while dramatically 
increasing the electricity generated per unit of sugar cane processed 

Gas Turbine [BIG-STIG] Cogeneration System
-

-
nology, steam is produced in an exhaust heat recovery boiler, and steam 

-

Figure 4. Condensing turbine cogeneration plant based on dual fuel
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-

-

Anderson Power Cycle
Conventional technologies offer cogeneration during the crushing 

complex to offer power to the grid year round with the backpressure 

in the off-season makes very little logic and destroys the very concept 

Conventional technologies lack the ability to provide zero pollution 

the distillery is a perennial source of pollution and in the Anderson cycle 

-

Cogeneration of process heat and power implies production of two 
-
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First
Law of Thermodynamics

  W  + Q
η

Where, Q
heat load at temperature Tu; W  is the net electrical power output; and 

 and Q

to now, a thermodynamically more accurate evaluation and a fairer 

-

is obtained if the exergy content of the fuel is also taken into account 

by:

  W  + EQηEX  Ef

Where, EQ f is the chemical 
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valuable methodology for evaluation and optimization of cogeneration 

  W
ηe

  Q
ηth

η  = ηe + ηth

Heat-to-power Ratio

industrial energy demand is similar to that of the cogeneration system 

heat-to-power ratio provided by the cogeneration plant is

  Q
λ

  W

  ηth  ηthλ
  ηe  η  – ηth
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η  =ηe λ

-

ηth η
η η

Table 1. Heat-to-power Ratios and Other Parameters of Cogeneration Systems 
[Cogen Manual, 2004]
————————————————————————————————
  Heat to Electrical Total

  QCG/WCG ηe
————————————————————————————————

————————————————————————————————
Extraction condensing steam turbine 2 - 10 22 - 40 60 - 80
————————————————————————————————

————————————————————————————————

————————————————————————————————

————————————————————————————————

increased to a certain extent by increasing the pressure and temperature 

Fuel Energy Savings Ratio
The demand for heat, Q , and power, W , at an industrial site can 

ηC and separate heat only 
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ηB, meeting the same loads of heat Q and power W, 
then the fuel saved by the cogeneration plant over separate generation 

The general expression for the fuel consumption of separate gen-
eration plants is

  W   Q
C + B

  ηC  ηB

Figure 6. Cogeneration

Figure 5. Separate Generation
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The fuel consumption of a cogeneration plant is

  W  + Q
 =

  η

Φ -
pressed as

Φ =
SC

The fuel energy savings of a cogeneration plant over separate gen-
eration plants is

Φ

λ  and 
for the cogeneration plant, λ

  Q ηB + λ ηC

  λ ηB ηC

  Q λ

  λ η
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factor is expressed as

  Q 1 + λ
  —————
  λ η

Φ
  Q ηB + λ ηC
  ——————
  λ ηB ηC

-
 = Q

 = Q , and

  λ λ ηB ηC
Φ

  λ η ηB + λ ηC

mC

m

19 the following remarks can be made:

λ  = λ , y = 1, then it is a matched plant
λ  < λ , y > 1, then the plant is generating surplus power that 

λ  > λ , y < 1, then it is unmatched plant, and imports power 

λ ηB ηC
Φ

  η ηB + λ ηC

λ λ
λ  = λ

fuel consumption factor is expressed as

λ ηB ηC
Φ

  η ηB + λ ηC
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U =
hCG hC

1 + hB
mCG; E

1 + mC

λ  = λ
substituting the value of λ η

  ηBηC
Φ

  ηBηe + ηCηth

  ηBηC

  ηBηe + ηCηth

A critical condition, when fuel savings is zero, can be obtained 

ηe  ηth

ηC  ηB

useful one, because it can be used directly in the economic assessment 

be a rational choice from the primary fuel energy savings point of view, 

of η λ
ηC

ηB -
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saves at least 5% primary fuel energy over separate generation, then it 

-

of electricity and steam, the heat added per unit of total energy output 
is

e  1 – e

ηC  ηB

where,

  W

  W  + Q

  1
η

  e  1 – e
  — + ——
  ηC  ηB

-

Value Weighted Energy Utilization Factor
Another approach involves an attempt to account for the different 

x y z

  x × W  + y × Q
η VW

× z
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valid if power is replaced by energy in a certain period of time; when 
integral values of indices are obtained, which reveal the performance of 

  W  + Q
ηa

where,
ηa

W = electric energy produced by the cogeneration plant during 
a year

Q = thermal energy produced during a year

of utilization of the energy forms produced is affected by the initial de-
sign of the system, the cogeneration plant operational strategy and the 

indices, are often more important than the instantaneous or nominal 
indices, because they are more revealing of the real performance of the 

-
tion plants because the sugar industry not only generates power and 

indices are narrower in scope, focusing on individual processing stations 

The processing unit that is the focus of this energy analysis is the 
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-
tory is the gross amount of electric power generated per unit of cane 

Bagasse Equivalence of Replacement Fuel
Any fuel used to replace or augment bagasse is assigned a bagasse 

ηf bηb

where
f = replacing fuel

η
b = bagasse

Bagasse to Electricity Ratio (kWh/tonne)

Percent Cane Fiber

-

Percent Bagasse Moisture
Bagasse moisture content varies with different cane preparation 

because the amount of excess air needed for complete combustion nor-
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mally decreases with decreasing bagasse moisture content, lower mois-

Steam Consumption (kg/tc)

-

boiler feed water to generate steam, divided by the gross heating value 

the steam generation unit from other components in the cogeneration 

Steam to Bagasse Ratio, (kg/kg)

-

Heat Rate: Processing (kJ/kWh)

value of fuel consumed in generating a unit of electricity, normally ex-

ηe
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Heat Rate: Generation-only (kJ/kWh)
-

plant while the sugar factory is not operating or using steam or electric-

Power Generation: Cane (kWh/tc)
The gross amount of electric power generated per unit of cane 

Many more indices are available in the literature; however, these 
are the most important, often used in the energy analysis of cogenera-

-

in a raw sugar factory, the data collection period should consider the 

The overall energy consumption and conversion are determined for the 

Steam turbines are indispensable for cogeneration plants in sugar 
industries, when burning fuels such as bagasse, because the technology 

not been fully developed, and it is considered to be a technology of 
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generate almost more than twice the power generated by conventional 

in designing, developing, determining the better choice of system con-
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