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ABSTRACT 

Consumption of mechanical or electrical power for the sugar 
industry is continuously increasing. The main reasons heretofore are 
the application of more sophisticated production processes and 
methods and the necessity for more environmental protection. Be- 
cause of the recent developments in energy costs, there is a need 
for a reevaluation of energy management and heat economy even 
in the sugar industry. Presupposition is an optimized heat economy 
and the production of heat with a high energy potential, thus allowing 
the transformation of more primary energy to mechanical or electrical 
power, also influencing favorably the following thermal physical 
processes. 

Advantages of the application of high pressure steam and rear- 
rangements for power plants are shown to balance out the high 
demand of mechanical or electrical power with lower process heat 
consumption, and beyond that, making surplus energy available for 
unrelated consumers. 

INTRODUCTION 

A sugar factory with a given capacity must be equipped with adequate 
components for steam and power generation. In the past the respective 
technical specifications for the equipment to be used were normally de- 
termined by the process heat consumption and the need for mechanical or 
electrical power to provide self-sufficiency and independence for the pro- 
duction facilities and their immediate premises. 

Nornlally bagasse is used as fuel, and its heat value and quantity is 
highly important. We can state that in the past it was not too difficult to 
balance out the above mentioned factors; however, due to the application 
of more sophisticated production processes and methods and the need to 
protect our environment more intensively, the consumption of mechanical 
or electrical power has risen substantially. 

The fabrication process can require 1.0 to 1.7 kw/t.c.d. which is 
generated by turbines and priine movers. The hereby produced exhaust 
steam can be readily absorbed by the following heat processes, circumstances 
which allow high efficiency of the steam cycle. 

The world's future for energy supply does not look very bright. Fuel 
costs have increased heavily in the last years, and we have to face still higher 
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costs in the years ahead. Therefore, expenditures for energy already make 
up a substantial part of the manufacturer's costs. Even our standard fuel, 
bagasse, has its calorific valuc and price which must be measured against 
those of oil, coal or gas, and is becoming scarce since we use bagasse fa- 
vorably as a basis for the production of pulp, paper, fiberboard, etc. Ba- 
gasse must be, therefore, in many cases supplemented by other fuels which 
are not only expensive but also whose availability may be in jeopardy. 

Under such aspects the sugar industry is facing the following situation: 

1 .  To reduce substantially the consumption of basic energy for 
the whole fabrication process. 

2 .  To increase at the same time the production of mechanical 
or electrical power to meet the growing energy demand of 
directly or indirectly related consumers on a sugar estate. 

People involved in energy management should give priority to an ade- 
quate solution of these problems, enabling our industry to cope more 
efficiently not only with the requirements of today but also with those of 
the future. 

STEAM CONSUMPTION AND POWER GENERATPON 

In the past the author has evaluated the heat economy of cane sugar 
factories on various continents and has found that the overall consumption 
of normal-steam (from and at 100°C) in percent on cane is as follows: 

55 to 70% in raw sugar factories 

70 to 80% in factories with a white sugar scheme 

These values coincide with those given by Hugot* after correction to 
normal-steam conditions (from and at 100°C). We should admit that these 
data can be substantially improved. The technology to achieve a lower 
process heat consumption is readily available. An important factor hereby 
is in most cases the rearrangement of the evaporator station using Zrapor 
bleeding for pans and heater's' and avoiding condenser losses. 

Jenkins2 determined the overall heat consumption inclusive power gen- 
eration for several cases with different arrangements mainly in the evap- 
orator station. His results are quite interesting. We derived from there the 
following consumption of normal-steam % on cane (from and at 100°C) : 

1 .  67% Ior a straight quadruple evaporation system without 
vapor bleeding. 

2 .  47% for a pressure evaporation system bleeding second and 
third vapor to vacuum pans and heaters. 

The heat consumption for mechanical or electrical power is hereby 
ranging from 6% to 9% of the total heat required for the sugar factory. 
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TABLE I. Process steam demand, power generation and life steam pressure. 
!? 
0 

Case 1 Case 2 Case 3 Case 4 Case 5 

Normal-steam % on cane* 

10% normal-steam from total 

Normal-steam io power 
generatio&% on cane; Qnp 54 45 45 45 45 

Live iteam conditions bar; OC; kcal/kg 20;320;733 20;320;733 30;400;771 40;450;796 60;475;803 

F.eedwater temp. OC; tf 98 98 102 110 115 

Steam for power generation % on cane; Qp 45.92 38.27 36.32 35.42 35.32 

Exhaust steam cond bar; hg 3;664 3;664 3;679 3;688 3;678 

Normal-steam exhaust % on cane; Qnex 48.13 40.11 38.81 37.91 36.82 

Efficient enthalpy drop in turbine; ~ h e f f  69 69 92 108 125 

Power % of total energy 9.78 9.78 12.38 14.18 16.36 

Water rate turbines kg/kwh 13.7 13.7 10.3 8.7 7.55 

Power generation max kw/t.c.d. 1.40 1.17 1.48 1.69 1.95 

Normal-steam avail. for process; Qn 54.13 45.1 1 43.81 42.91 41.82 

* Normal-steam from and at 100°C. 
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We may establish that a consumption of 50% normal-steam on cane 
for a modern raw sugar factory can be a realistic value. However, taking a 
closer look at the technical requirements, we may be faced with some 
problems : 

1 .  Reduction of process heat which in turn requires the use of 
steam with a higher energy potential necessary for the opti- 
mization of the thermal physical processes during the sugar 
fabrication. 

2 .  Providing still more mechanical or electrical energy which 
should be extracted from the steam before finally being used 
in the fabrication process. 

Higher energy potential for the process heat calls for heating steam 
with higher pressure and temperature, and, furthermore, for live steam with 
enough heat potential for the transformation of basic heat into mechanical 
energy. 

Calculations for five cases have been prepared to show the relationship 
between process steam demand, live steam pressure, and power generation 
and are shown in Table I. Data for steam quantity are given for normal- 
steam conditions. Normal-steam available for power generation has been 
assumed at 10% less than the total normal-steam consumption of the sugar 
factory. Certain feed water temperatures have been assigned to the different 
live steam conditions. Exhaust steam pressure was selected at 3 bar. Re- 
spective calculations for turbines were based upon: 

Thermodynamic efficiency of the turbine - 72% 

Efficiency of the reduction gear - 98% 

Efficiency of the generator - 93% 

Selection of the live steam conditions has been made to arrive at an 
exhaust steam of 3 bar with an average enthalpy of 675 kcal/kg. 

The computations in Table 1 show lor Case 1 a reaso$ably balanced 
system; however, the overall steam consumption is high and! the live steam 
conditions of 20 bar restrict power generation to a maximum of 1.4 kw/t.c.d. 
Cases 2, 3, 4, and 5 are based upon an overall consumption of 50% nor- 
mal-steam on cane. Power generation in Case 2 using live steam pressure 
of 20 bar would be restricted to 1.17 kw/t.c.d. Application of 30 re- 
spectively 40 bar live steam pressure in Cases 3 and 4 could provide 1.48 
or 1.69 kw/t.c.d. which may be satisfactory. Case 5 shows still more po- 
tential for power generation with a maximum of 1.95 kw/t.c.d. Here 16% 
of the total heat is already used for the power generation, leaving then only 
42% normal-steam on cane for the heating processes, which may be insuf- 
ficient or marginal. However, a substantial surplus of energy may be 
available to provide power for other consumers or thermal compression can 
be applied to reduce process heat consumption. Therefore, Case 5 can be 
considered as a feasible solution. 
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FIGURE 1 .  Steam and power generation. 
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The formulae used for the calculations in this paper and respective 
abbreviations are given in Appendix A. 

CONSIDERATIONS FOR ADVANCED ENERGY MANAGEMENT 

The main consideration of this paper is to show how we can economize 
the natural fuel of the cane sugar industry, bagasse, and to utilize the surplus 
of this valuable by-product whenever possible for other purposes. 

In this presentation we give special attention to a combination of power 
generation and process heat economization with the following objectives: 

1 .  Seeking self-sufficiency for sugar estates in providing electric 
power for the sugar plant itself, urban services, irrigation 
systems, and adjacent industries, this possibly for a full year 
cycle. 

2 .  To interconnect with the utility networks of rural districts 
or states with the purpose to provide surplus energy during 
the milling season and to receive energy from such networks 
if necessary during the down season. 

The compound system mentioned under #2 seems especially attractive 
since it provides substantial flexibility during all operational conditions. 

The power and process heat economy must be matched so they can 
fulfill the individual requirements of a sugar estate. Determining factors for 
the technical specifications of the equipment to be used for this purpose 
are certainly the layout of the power plant and the selection of the live 
steam and exhaust conditions. Also highly important is the design of the 
condensate and feed water system. 

EVALUATION OF SYSTEMS 

Fig. 1 has been devised to rela'te data about energy utilization'in a 
cane sugar factory. The following were used as perimeters: 

Bagasse % on cane 
Heat value of bagasse 
Boiler efficiency 
Normal-steam production or consumption from and at 100°C 
Live steam and feed water conditions 
Power generation kw/t.c.d. 
Power generation kwh per ton bagasse with back pressure or con- 

densing turbines 

The diagram can be used as a quick reference to find basic information 
about the possibilities and limitations of power generation or to determine 
how much additional electric power can be produced under given premises 
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Important for the performance and efficiency of a turbogenerator are 
the live steam conditions under which it should operate. The relationship 
of the steam conditions and water rates are shown in Fig. 2. Adequate tem- 
peratures were assigned to the live steam pressures to obtain a slightly su- 
perheated exhaust steam operating back pressure turbines and not to exceed 
a steam wetness of 8% in the last stage of the condensing turbines to avoid 
erosion of the blading. It can be derived from Fig. 2 that the water rates 

are not substantially improving with live steam pressure higher than 60 bar. 
But here are also other important considerations. The operation of boilers 
generating steam with high pressure and temperature require certain pre- 
cautions regarding the feed water quality. The fabrication process provides 
a large quantity of condensate; however, they have to be classified in 
accordance with their origin and utilization. There are two basic categories: 

A - Condensates derived directly from live steam or from 
exhaust steam. 

B - Condensates derived from the juice returned from the 
second and subsequent vessels of the multiple effect, and 
from vacuum pans and heaters connected to vapor bled 
from the multiple effect. 

The condensate category A involved little risk of being contaminated. 
Condensates of category B are more dangerous as they may be contaminated 
directly by entrainment of the evaporators or leaks in some heating elements 
of the system. 

FIGURE 2 .  Turbine water rates and live steam conditions. 

Llvr steam pm.rvrc bar 

MODEL FOR IMPROVED ENERGY UTILIZATION 

A particular plant layout has been chosen to demonstrate the pos- 
sibilities of an improved utilization of basic energy. Fig. 3 shows such an 
arrangement. We assumed that the system can be interconnected with a 
bigger power network to deliver surplus energy during the operating season 
and has the possibility to receive electrical power (during the down season. 

* I  
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The power plant is devised to utilize all the bagasse available, except 
a reasonable reserve, during the operating season. Therefore, the storage 
facilities for bagasse can be relatively small, and economical operation is 
possible. The basic specifications for the operation have been assumed as 
follows : 

Capacity of sugar plant - 6000 t.c.d. 
Bagasse - 28% on cane 
Bagasse heat value, G.C.V. - 2200 kcal/kg 
Live steam conditions - 40 bar; 450°C 
Back pressure steam - 3 bar 
Boiler feed water temperature - 130°C 
Boiler efficiency - 62.5% 
Power consumption factory - 1.5 kw/t.c.d.; 9000 kw 
Process steam'consumption (normal-steam) - 44.4% on cane 
Total steam consumption (normal-steam) 52.8% on cank 
Bagasse req. for fueling plant - 21% 
Bagasse surplus - 7% ; or 25% of total bagasse 

This bagasse surplus can make it possible to produce 15.0% more live 
steam on cane, in this particular case 37.5 tons per hour. Using a condenser 
turbine for this amount with a water rate of 4.75 kg/kwh, an additional 
7900 kw can be generated. 

The power plant is consisting of two turbogenerators with the following 
specifications : 

1 Back pressure turbine 
Maximum capacity - 11,000 kw 

1 Condensing extration turbine 
Maximum capacity with 100% condensing - 9000 kw 
Maximum capacity with 100% extraction - 9000 kw 

Mixed service - 
Maximum capacity - 11,000 kw 

This arrangement will allow the utilization of most of the live steam 
enthalpy for power generation. For safety reasons a condensate co~iverter 
is installed ahead of the first evaporator cell. This converter is fed with 
B-condensates and heated with extraction steam of the condenser turbine. 
The heating steam flow and subsequently the capacity of the converter is 
controlled by the water level in the feed water tank. The vapor produced 
by the converter is connected to the exhaust steam line of the back pressure 
turbine. The amount of B-condensates to be converted will normally not 
exceed 15 to 20% of the total feed water demand. Since only condensates 
have to be evaporated, the heat transmission rates are high and the heating 
surface can be, therefore, relatively small. Extraction steam from the con- 
densing turbine can be used for this purpose. Assuming 10% steam based 
upon the total feed water, demand will be in this case 14.4 tons per hour, 
steam which can be additionally utilized in the high pressure section of the 
condensing extraction turbine, thus producing at a water rate of 10 kg/kwh 
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another 1440 kw. The total power output of the condensing extraction tur- 
bine can reach under such circumstances: 

Based upon an energy price of 2.5 $/cents per kwh and 150 days of 
mill operation per year, this will amount to: 

The combination of sugar processing and power generation provides 
also the premises to improve the rankine cycle and, therefore, efficiency of 
the system. Since the condensate temperature leaving the condenser of the 
condensing turbine will be approximately 41°C, a successive reheating of 
the condensate, respectively feed water, is possible. Three heating steps 
serving this purpose are shown in Fig. 3:  

1 . Heat exchange of B-condensates vs. condensing turbine con- 
densates, raising the temperature of the latter to approximately 
95OC. 

2 .  Heating the turbine condensate further with A-condensate 
flash in direct contact up to 1 10°C. 

3 .  Using exhaust steam for feed water heating up to 130°C. 

The heat exchange mentioned under Pos. 1 is especially advantageous 
since heat with a low energy potential can be utilized, heat which normally 

' 

must bC disposed of. 

The discussed system can provide a high degree of safety and reliability. 
The condensate system has already been described, and the installation of 
three boilers with a continuous and maximum steam generation rate of 
60,000 kg per hour each will assure full plant capacity with one unit shut 
down. Full capacity of the plant will be assured also when either one of the 
turbogenerators has to be taken out of service. 

CONCLUSION 

The reduction of process heat is a basic requirement for a cane sugar 
plant in order to free the necessary bagasse quantities for additional power 
generation. The combination of the power generation system with the low 
pressure steam cycle used in the fabrication process can be designed to 
provide high efficiency and capacity. The evaluation shoys that the power 
generation of 3.3 kw/t.c.d. is technically and economically feasible. 1.5 
kw/t.c.d., or 50% of the total generated power, could be made available, 
therefore, to unrelated consumers or power networks. 
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I Making use of this technology should be considered as a positive 
answer to the growing energy problems. These matters, however, cannot 
be resolved solely by the sugar producers but rather require the under- 
standing and involvement of the public and governmental institutions to 
create the necessary stimulation for their realization. 
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APPENDIX A 

Nomenclature and formulae 

Qn = Normal-steam on cane (from and at 100°C) 

Q = Steam % on cane 

Qnp = Normal-steam for power generation 70 on cane 

Qp = Steam for power generation % on cane 

Qnex = Normal exhaust steam % on cane 

Qex = Exhaust steam % on cane 

t = Steam temperature O C  

P = Steam pressure bar (1.0197 kp/cm2) 
tf = Water temperature OC 

HI = Adiabatic enthalpy value; kcal/kg 

Hz . = Adiabatic enthalpy value; koal/kg 

AH = Adiabatic enthalpy drop; kcal/kg 

hl = Enthalpy of steam at nozzle chest; kcal/kg 

hz = Enthalpy of exhaust steam; kcal/kg 

Aheff = Efficient enthalpy drop in turbine; kcal/kg 

hf = Enthalpy of feedwater; kcal/kg 

7th = Thermodynamic efficiency of the turbine % 

qr = Efficiency of reduction gear YO 
7g = Efficiency of generator % 

qb = Boiler overall efficiency % 
G.C.V. = Gross calorific value of bagasse; kcal/kg 

B Bagasse % on cane 

f' Fibre % on bagasse 

w = Moisture in bagasse % 
D = Sucrose and impurities % 

f = Fibre % on cane . 
s = Sucrose % on bagasse 



Fibre % on bagasse 

f = 1 0 0 - W - D  

Bagasse % on cane 

Gross calorific value of bagasse; (kcal/kg) 

G.C.V. = 4600 - 12s - 4 6 ~  

Gross heat from bagasse per ton of cane 

kcal/t.c. - B x G.C.V. x 10 

Normal-steam % on cane (from and at 100°C) 

G.C.V. bagasse x B x qb 
Qn = 

540 x 100 

Steam % on cane 

G.C.V. bagasse x B x 7b 
Q = (Hi - hf) x 100 

Steam % on cane 

Q = Qn x 540/(h1 - hf) 

Power generation per ton cane and day 

Heat for power generation % of total heat released 

% = (Hi - Hz) x 7th x Qp 
Qn x 540 

(Qnp - Qnex) x 100 
% = 

Qn 

Exhaust normal-steam % on beet (from and at 100°C) 

Qnex = Qp (hz - hf)/540 

Water rate turbine 

Effective enthalphy drop in turbine 

Aheff = (HI - Hz) x qth/100 

Power generation per ton bagasse (13 .O) 

G.C.V. bagasse x 7b x (HI - Hz) x 7th x 7r x 7g 
kwh/t bagasse = 

(HI - hf) x lo5 x 860 
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-ENERGIA BASICA Y SU UTILIZACION PARA LA INDUSTRIA 
AZUCARERA DE CARA 

W. Leibig 

RESUMEN 

El consumo de energia mecanica o electrica para la industria 
azucarera esta aumentandose continuamente. La razon principal es 
la aplicaci6n de metodos mas sofisticados para la production y la 
necesidad para una mejor protection del ambiente. En vista del de- 
sarrollo desfavorable de 10s costos de energia basica existe ahora 
la necesidad de una reevaluacion de las posibilidades para una utili- 
zaci6n mas economica optimizada para la producci6n de calor con 
un potencial mas alto de energia, asi permitiendo la transforrnacion 
de m8s energia basica a energia mecanica o electrica, y tambien 
influyendo favorablemente 10s siguientes procesos termofisicos para 
la fabricaci6n. 

Son mostradas las ventajas de la aplicacion de vapor con alta 
presi6n y un esquema para plantas de fuerza motriz para balancear 
el consumo alto de energia mecanica o electrica con un reducido 
consumo de energia basica para el proceso de fabricacion y aun 
mas para hacer disponible un exceso de energia electrica para con- 


