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Abstract 

The present study analyzes the influence of modification of sugar crystallization from three to 

two stages and tried to optimize both sugar and ethanol production from sugar cane source. The 

efficiency of sugar crystallization process was determined by simulation at Wonji Shoa Sugar 

Factory (WSSF). Economical advantages in optimizing the sugar and ethanol productions were 

compared with the factory’s existing working norms. Batch fermentation of molasses samples 

using saccharomyces cerevisiae was carried out at fermentation temperature of 30 (+1)
 o 

C, pH 

of 5.5 (+ 0.1) and ammonia supplement of 2 g/L in Erlenmeyer flask of 250 mL. The parameters 

varied were total sugar as invert (TSAI) in the fermentation broth of prepared molasses from 

both two and three  crystallization stages and the amount of dry yeast in the  inoculums (1,3,5 

g/L). The measured values were concentration of the produced alcohol and the residual sugar. 

From the obtained data of alcohol concentration and residual sugar; the ethanol yield was 

calculated. All results obtained were subjected to SPSS and significance was set at 5% level. 

Alcohol concentration was found to vary from highest of 83 g/L to lowest of 36 g /L for molasses 

B (mB) and from highest of 53 g/L to lowest of 30 g/L for molasses final (mF), while residual 

sugar concentration varied from lowest of 26 to highest of 73 g/L for mB and 34 to 78 for mF. 

The calculated ethanol yield varied from highest of 0.47 g/g to 0.19 g/g and from 0.31 g/g to 0.16 

g/g for mB and mF respectively. The variation was statistically significant (p ≤ 

0.05).unfermentable sugar (%w/w) of 4.64 and 5.55 was obtained fro mB and mF respectively. 

Microorganisms’ results as total viable count were found as 378 CFU per 10 g of sample for mB 

and 428 CFU per 10 g of sample for mF. The net sugar produced was 12.61 % and 11.76 % 

cane from three and two crystallization system, whereas final   molasses of 3.73 % and 4.79 % 

cane in three and two stage respectively were obtained. In the modification (from three to two 

stages), about 6.7% decreases in sugar product, an increase in molasses production quantity by 

about 28.4% and an increase in molasses TSAI content  by about 28.8% respectively were 

obtained . The overall economic return by modification of the crystallization system indicates 

that there was additional income of 19.83 Eth. birr per ton of cane through optimum production 

of sugar and ethanol. The obtained results reveal that the modification in sugar crystallization 

system can bring over all improvement in both sugar and distillery plants and found 

economically feasible in the studied cases. Besides the economic return, the modification system 

tends to reduce the high recirculation of material, the energy utilization and the crystallization 

area capacity than the existing three crystallization system, with out affecting the product 

quality. 
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1. INTRODUCTION 

1.1 Background  

The energy crisis necessitates studying and discovering new processes involved in the production 

of utilizable compounds as alternative energy sources among which fermentation to ethanol 

represents a significant strategy.  Ethanol is being widely investigated as a renewable fuel source 

because in many respects it is superior to gasoline fuel (Jones and Ingledew, 1993). This 

situation has led many countries including Ethiopia to develop and prepare preconditions for the 

use of ethanol as a fuel especially from cane sources.  

Sugarcane resource can be used to produce a variety of commercial products that can be 

marketed domestically, regionally and internationally. In economic and environmental terms, the 

three products that have special significance are sugar, ethanol, and electricity.   Ethiopia through 

its potential in developing large sugarcane production can play a pro-active role in mitigating the 

same. Molasses the non-crystallizable residue remaining after crystallizing sucrose, has 

additional advantage; it is relatively inexpensive raw material, readily available and already in 

use for industrial ethanol production.  

As per the Ethiopian sugar sector strategic plan ESDA (2005) the country’s sugar consumption 

has risen from 144,000 tons in 1985 to 300,000 tons in 2003 and the per capita consumption 

reached 4.2 kilograms per head. In USA in the year 2003, each person consumed about 142 

pounds of sugar per year (OSN, 2005). The potential growing trend of local market for sugar, 

export opportunities in EU, COMESA and neighboring countries were the fertile and reliable 

conditions for expanding and developing sugar factories in the country. The production is 

expected to increase by five fold of the existing until the year 2009/2010. Along with sugar 

production, diversification was considered to include ethanol production and electric 

cogenerations.  
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1.2 Scope of the Study 

The government of Ethiopia is on being taking steps in reforming the sugar sector to encourage 

manufacture of ethanol and co-generations incorporated with sugar production. Inline with this 

modernization, there is a plan to expand the existing sugar factories and construct the new once 

for capacity and product diversifications. Among the diversifications programs ethanol 

production having annual production capacity of 142,788 cubic meters and electric power 

generation of 819,416 MWh using three existing and two under erection sugar plants are 

projected to be effective in phases as of the year 2008/2009 (ESDA , 2005).  

The statement of the problem of the present study is to address that, there exists an increased unit 

production cost of sugar unless otherwise simultaneous production of diversified products 

stipulated from the same sugar cane source. The exaggerated equipments capacities, extra power 

consumption and the increased inorganic ashes to total sugars ratio in the molasses which alters 

the fermentation production of ethanol from the source in the existing sugar crystallization 

processes are about to be  assessed. It intends to indicate the need of modification of the current 

sugar crystallization system and use of molasses thus obtained as an input for ethanol production.  

The work also seeks to perform preliminary identification of molasses as an input for ethanol 

production obtained from modified (redesigned process) and traditional sugar crystallization 

systems and conduct its proximate analysis. On the other hand there is no uniform approach 

among the alcohol industries towards initial sugar and yeast concentrations of the fermentation 

mash. Therefore; redetermination of the initial sugar concentration and amount of yeast to 

optimize the molasses medium are another point of attention. 
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1.3 Objectives 

1.3.1 The Overall Objective of this Research was to:  

Evaluate production of ethanol from different grade molasses by yeast (Saccharomyces 

Cerevisiae) and analyze economic feasibility in relation to the ethanol plants attached to sugar 

factories. 

      1.3.2 The Specific Objectives of this Research were to:  

�  evaluate ethanol production from different grade molasses  

�  Study fermentation kinetics of ethanol production at laboratory level. 

� Determine physico-chemical and microbiological properties of molasses 

� Evaluate the economic feasibility of sugar-ethanol mix and select suitable 

sugar crystallization process.  
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2. LITERATURE REVIEW 

 2.1 Molasses Types and its Utilization 

The name molasses is derived from Latin word mel, meaning honey Paturau (1969) and can be 

defined as the final effluent obtained in the manufacture of sugar in the repeated crystallization 

from various raw materials. It is a residual substance from which no crystalline sucrose can be 

obtained by simple means. Cane molasses is a major byproduct of the sugar industry (Yansong 

et. al. 2000).There are various types of molasses which depends on the source from which they 

are obtained Rao (1997); beet molasses, cane molasses, black strap molasses, refinery molasses 

and high test molasses are among the common once.   

Molasses can be converted into many value-added products by application of modern 

technologies. Many products can be made theoretically Rao (1997) and Paturau (1989), but in 

actual practice, the production of only a few products is commercially viable and hence, 

commercial scale plants are working in different countries to produce; ethyl alcohol, bakers 

yeast, torula yeast protein molasses, L-lysine, acetone-butanol, citric acid, lactic acid, glutamic 

acid and mono sodium glutamate. 

 The industrial use of molasses arises from its sugar constituents. When compared to others, 

there was less molasses utilization in Ethiopia at present mainly due to low technological 

development and low market availability. The use of power alcohol from molasses source for 
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vehicles increases the demand of molasses in most other countries and there is a promising move 

towards production and use of power alcohol in Ethiopia also. This study is focused to ethanol 

production from sugar cane intermediate molasses obtained by redesigning sugar crystallization 

process by yeast (Saccharomyces Cerevisiae). The molasses from conventional sugar 

crystallization process was used as control and finally economic significance of sugar- ethanol 

product mix from redesigned sugar process was evaluated. 

2.2. General Characteristics of Fermentation Process and Ethanol Processing  

        

2.2.1 Ethanol Processing 

   The common process for ethanol production from any biomass source consists of two steps: 

converting polysaccharides into monosaccharide through acid hydrolysis or enzymatic process 

and then converting the monosaccharide into ethanol by fermentation. The major problem 

encountered here is that the biomass source contains not only fermentable sugars, but also a wide 

spectrum of compounds having inhibitory effect on fermentation microorganisms. These 

inhibitions significantly reduce the ethanol production (Luo et.al 2002). The inhibitory nature of 

molasses arise from its composition which depend on variety of cane, composition of soil, 

climatic conditions, harvesting practice, and the sugar manufacturing process, handling and 

storage practices (Godbole, 2002). 

   Fermentation is one of the oldest methods of producing ethyl alcohol, mainly meant for potable 

purposes. The two main operations are fermentation and distillation. Fermentation is a biological 

process, whereas distillation is a chemical engineering unit operation. Ethanol respiration is the 

form of fermentation used to make alcohol and bread. The raw materials used for fermentation 



 

 

 

 

6 

are those containing carbohydrates, in one form or the other.  According to Rao (1997), these are 

sacchariferous materials (those containing sugar) like cane and beet molasses, cane and beet 

juice, fruits etc.; amylaceous materials (those containing starch) like grains, potatoes, other roots 

etc.; Cellulose, like wood, agricultural residues, waste sulphite liquor from pulp and paper mills, 

waste paper etc. 

   Molasses contains about 45-50% total sugars, of which 30-33% are cane sugar and the rest are 

reducing sugars. During the fermentation process, yeast strains of the species saccharomyces 

cerevisiae, a living microorganism belonging to class fungi converts sugar present in the 

molasses such as sucrose or glucose to alcohol. As the fermentation starts and the yeast multiply, 

a part of the fermentable sugars content in the wort is consumed by the yeast for its own survival 

and multiplication. Then, anaerobic fermentation takes place (FSFP, 1997). 

   When the enzyme ‘’Invertase’’ contained in the yeast converts the di- saccharides like sugar in 

the molasses into mono-saccharides like glucose and fructose subsequently, the enzymes 

‘’Zymase’’ contained in the yeast converts the mono-saccharides into ethyl alcohol and carbon 

dioxide (Rao, 1997). 

  Fermentation is a process by which a chemical changes are brought about in an organic 

substrate through the action of biochemical catalysts, called enzymes, elaborated by specific 

types of living microorganisms. It is a metabolic process characterized by: incomplete oxidation, 

and the transformation of large amounts of substances by comparatively small amounts of 

organisms (Paturau, 1989).   

   The carbon substrate concentration has a significant effect on ethanol production. 
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Increasing sugar concentration was an advantage because it led to higher final ethanol 

concentration and, subsequently to reduction of distillation costs. At the same time, the growth of 

osmotic sensitive contaminants was suppressed. However, at sugar concentration greater than 

14%, plasmolysis of yeast cells begins. In addition, the initial rate of fermentation starts to 

decline before the ethanol concentration reaches a significant value (Ullmann’s, 1987). 

   Although biomass produced under aerobic, anaerobic conditions favor production of ethanol, 

oxygen found to be essential for good fermentation. Oxygen is especially necessary when batch 

fermentation is carried out at high sugar levels requiring prolonged growth of yeast, or in 

continuous processes, because the yeast is unable to grow for more than four to five generations 

under fully anaerobic conditions (Bassapa, 1989). 

   Ethanol is toxic to yeast. The general effect is most noticeable on the cell membrane; the major 

toxic effect has been postulated as membrane damage of a change in membrane properties. 

Ethanol inhibits both growth and ethanol production in a non-competitive manner.  When 

ethanol is present in concentrations of up to 2%, the observed inhibition is almost negligible for 

most yeast. Ethanol tolerance is a desirable trait in industrial yeast strain; however, slow 

fermenting sake yeast (sacchromyces sake) can tolerate ethanol concentration around 25 % w/v 

at low temperature as it contains lipoproteins (Pina et.al, 2004). Ethanol inhibition is directly 

related to the inhibition and denaturation of important glycolytic enzymes as well as 

modification of membrane  

   Hydrogen ions (H
+
) in a fermentation broth affect yeast growth, ethanol production rate, 

byproduct formation, and bacterial contamination control. If the pH value is less than five during 
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fermentation, bacterial growth is severely repressed. The pH value range for growth of most 

strains of sacharomyces cerevisiae is 2.4-8.6, with an optimum of 4.5. Yeast sugar fermentation 

rates are relatively insensitive to pH values between 3.5 and 6.   Most brewer’s yeasts have a 

maximum growth temperature around 39-40
0
C. The maximum growth temperature reported for 

any species of yeast was 49
0
C for kluyveromyces marxiamus. Mesophilic strains of 

saccharomyces have optimum cell yields and growth rates between 28 and 35
0
. The optimum 

and maximum temperature for growth of thermophilic yeast are ca. 40 and 50
0
C respectively; 

these strains have a high maintenance requirement and more complicated nutritional 

requirements (Ullmann’s, 1987). 

    In batch processing, the optimum temperature for the complete utilization of glucose and the 

highest final ethanol concentration is generally slightly below the optimum growth temperature. 

This is attributed to enhanced ethanol inhibition at higher temperature. At higher temperature, 

the ethanol production rate through the cell membrane. The difference in these rates results in an 

increase of ethanol concentration in the cells, a subsequent inhibition of some enzymes, and 

cells, a subsequent inhibition of some enzymes, and cell death. Some yeast has an optimum 

fermentation temperature of 40-42
0
C. They produce up to 12% of ethanol with yields greater 

than 90% of theoretical. Because sugar fermentation is exothermic (586 J of heat produced per 

gram of glucose consumed), using yeasts that ferment at higher temperature substantially reduces 

cooling costs of fomenters (Ullmann’s, 1987). 

     Glucose and sucrose (molasses) generally well fermented to ethanol by majority of yeasts 

especially by species of saccharomyces (Bassapa, 1989). Generally, distiller’s yeasts show a 

broad pH optimum from 4 - 6. This range is lower than that of typical bacteria. Further, 
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yeasts can tolerate as low pH as two without permanent damage can. As heat, energy liberated 

during fermentation of sugar by yeasts there is always an increase in temperature and cooling of 

fermentor is required, and, therefore, it is desirable to use temperature tolerant strains. Most 

strains have a temperature growth optimum to 30-35
0
C.  It has found that trace amounts of 

oxygen may greatly stimulate yeast fermentation, which used as a building block for synthesis of 

polyunsaturated fats and lipids required in mitochondria and plasma membrane. High sugar 

concentration is adequate to repress sugar consumption by yeasts, which show the Crabtree 

effect. For other yeasts or at low sugar concentrations, the oxygen supply should be limited. In 

addition to sugar the fermentation broth must provided by additional nutrients for cell growth 

and maintenance. Glucose medium supplemented with ammonium salts, calcium chloride and 

yeast extract support rapid growth and ethanol production ((Bassapa, 1989) 

2.2.2 Theoretical Yields and Productivity 

    In the anaerobic pathway, every mole of glucose converted into two moles of ethanol, two 

moles of CO2 and two moles of ATP along with 56 Kcals of heat. The ATP produced used in 

biosynthesis or maintenance via this pathway, every gram of glucose converted yield 0.511-gram 

ethanol.  Molasses contains about 40-45% total sugars, of which 30-33% is sucrose and the rest 

are reducing sugars. During the fermentation, yeast strains of the species saccharomyces 

cerevisiae, a living microorganism belonging to class fungi converts sugar present in the 

molasses such as sucrose or glucose to alcohol.  

  Glucose                    Ethyl alcohol   +   Carbondioxide 

     Thus, 180 gm of sugars on reaction give 92 gm of alcohol. Therefore, one tone of 
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sugar gives 511.1 Kg of alcohol. The specific gravity of alcohol is 0.7934. Therefore, 511.1 Kg 

of alcohol is equivalent to 644 liters of alcohol. During fermentation other by-products like 

glycerin, succinine acid etc. are also formed from sugars. Therefore, actually 94.5% total 

fermentable sugars are available for alcohol conversion. Thus, one tone of sugar will give only 

644 x 0.945 = 608.6 liters of alcohol, under ideal condition theoretically. Normally only 80-82% 

efficiencies are realized on plant. One tone molasses containing about 45% fermentable sugars 

gives an alcoholic yield of 230 liters per tones (FSFP, 1997). 

2.2.3 Yeast Strain Selections  

    Yeasts are the most commonly used organisms in the industrial production of ethanol. Some 

widely used, high-productivity strains are saccharomyces cerevisiae, S.uvarum (formerly 

S.carlsbergensis), and candidautilis. Saccharomyces anamensis and Schizosaccharomyces 

pombe are also used in some instances. Kluyveromyces species, which ferment lactose, are good 

producers of ethanol from whey. Ethanol production by yeast is characterized by high selectivity, 

low accumulation of byproducts, high ethanol yield, high fermentation rate, good tolerance 

toward both increased ethanol and substrate concentrations, and lower pH value. Viability and 

genetic stability of yeast cells under process conditions and at high temperature are also 

desirable. Although finding a strain that has all these characteristics is difficult, some yeast 

strains can fulfill them largely.    Yeasts are single-cell fungi organisms. The most important 

ones used for making ethanol are members of the saccharomyces genus, bred to give uniform, 

rapid fermentation and high ethanol yields, and be tolerant to wide ranges of, temperature, pH 

levels, and high ethanol concentrations. Yeasts are facultative organisms-which mean that they 

can live with or without oxygen. In a normal fermentation cycle, they use 
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oxygen at the start, and then continue to thrive once it has all been used up. It is only during the 

anaerobic (without oxygen) period that they produce ethanol (Basappa, 1989).  

     The process implies two distinct fermentation phases. The primary fermentation takes place 

as the yeast breeds rapidly in the initially aerobic environment and the colony comes up to 

strength. Then, the secondary fermentation takes place in the anaerobic environment thus 

generated, as the yeast strips oxygen from the sugar molecules in order to avoid suffocating. 

    The influence of the yeast depends on the sugar concentration in the fermentation broth and 

the pitching temperature Kelsall (1989), there are three phases to fermentation once the yeast has 

been added: 

o An initial lag phase, where little appears to be happening, but the yeast is adjusting to its 

new environment, and beginning to grow in size 

o After about 30 minutes, the yeast begins to reproduce rapidly and the number of yeast 

cells increases exponentially (thus known as the exponential growth phase).Carbon 

dioxide is released in large quantities, bubbling through the liquor. As the fermentation 

proceeds, the yeast cells tend to cluster together (flocculate). 

o The last phase is a stationary phase during which nutrients are becoming scarce, and the 

growth rates slow down. The evolution of carbondioxide slows down, and the yeast 

settles to the bottom of the fomenter. 

    While making the ethanol, the yeasts will also make very small amounts of other organic 
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compounds–including other alcohols, aldehydes, esters, etc. These are known as the “congeners” 

or the “fusel oils”. It is the presence of these, which give the alcohol its flavor. So when trying to 

make a neutral spirit, one would try to minimize their presence, but if making a rum, brandy etc, 

and then one need a very small proportion of them present (HD, 2000).  

 

 2.3 Current Status of Ethanol and Sugar Production in Ethiopia 

   The worldwide recent awareness for the use of ethanol to replace petroleum and generation of 

power along with sugar mill plants should have led to setting up of number of ethanol plants and 

co-generations. There is only one sugar mill producing ethanol & few distilleries participating in 

down stream chemicals from alcohol in the country at present due to poor economy of scales. 

Among molasses derived products ethanol takes the largest part, but its utilization must attract 

the attention of the government policy makers in order to utilize as a bioethanol. Bioethanol or 

biofuel is ethanol-based products that can processed into liquid fuels for either transport or 

heating purposes. With the coming into being of the sugar sector expansion and modernization in 

the country, implementation of the different domestic measures for bioethanol fuels utilization 

has to take place. At present there was about 8000 cubic meter annual production of ethanol, but 

there are projects towards increasing the product to over 142000 cubic meter (ESDA, 2005).  

2.4 Engineering Principles Involved in Sugar and Ethanol  

                  Production  

2.4.1 Principles Involved in Sugar Crystallization 

   In Ethiopia sugar cane is processed to sugar and molasses products after 
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successive operations under exaggerated equipments capacity utilization and energy intensive 

processes. Both sugar and molasses product qualities are dependent on the manufacturing 

process and raw material. In practice  not all of the sugar in the syrup comes out in one go, 

therefore the sugar is extracted in stages: taking out some sugar from the syrup, then taking more 

from the resultant molasses and finally a third boiling occurs to remove more. Each stage takes 

approximately twice as long as the previous one, as there is less sugar available in the resultant 

molasses  

   The crystallization of sugar from impure sugar cane syrup necessitates good planning of the 

crystallization stages in order to crystallize out the sucrose in original material and it commonly 

termed “Boiling Scheme” (Made and Chen, 1974; Jenkins, 1966). The ultimate is to crystallize 

the sugar starting with the raw material, the syrup, in a minimum number of boiling of 

descending purity, to final molasses. The increased number of boiling necessitates high energy 

consumption and increased equipment utilizations.  Boiling Scheme will be determined by 

sucrose content of input syrup and, it could be classified as four stages, three stages and two 

stages of boiling. When the syrup purity range is over 85%, it follows four stages of boiling. 

When the input purity ranges is in between 80-85%, three stages finally, when the input purity 

falls below 80% can accomplished in two stages of boiling (Made and Chen, 1974).  In sugar 

practice, letters A, B, C designates the different grades of strikes and after purging the separated 

sugar and molasses takes the same symbol as (A,B,C) sugar and molasses respectively.  

   As the total quantity of processed sugar from cane increases, the quantity of molasses produced 

increases. On the average, the production of molasses in cane sugar factories is of the order of 
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35% on the production of sugar and in beet sugar factories, it is of the order of 25% on the 

production of beet sugar (Rao, 1997). 

o A-sugar: This is made by 'footing' a pan - under a vacuum a set amount of magma (a 

thick paste of small sugar crystal and water) is drawn into the pan. The footing is then fed 

with syrup until the crystals grow to the right size. The crystals are in a mix with 

molasses. This mix is called 'massecuite' (m/c). The m/c is dropped out of the bottom of 

the pan into receivers, to await separation. A-.m/c separates into A-sugar and A-molasses 

by centrifugal machines.  

o B-sugar: This is the same as A-sugar except the pan is fed on A-molasses and takes twice 

as long to grow the crystal, because B-sugar produces B-sugar crystal and B-molasses.  

o   C-sugar: A set amount of A-molasses is drawn into a pan and boiled until it becomes 

very thick, this is then seeded with powdered sugar particles and allowed to grow and 

form C-m/c by feeding on B-molasses, until the crystal reaches the required size. On 

separation C-m/c gives C-sugar and final molasses which is usually used as raw material 

for alcohol and many other products. 

    After being passing a set of evaporators, the concentrated juice (Syrup) is sent to a unit called 

pan to get crystallized.  The primary function of a pan is to evaporate the remaining water and 

bring the brix of syrup from about 65% solid content to sugar crystals which are 100% solid. The 

pan is plate and tube type heat exchanger that encompasses; bottom cone for m/c discharging, 

large cylindrical space above heat exchanger part for vapour - sugar entrainment separation, 

central down take for syrup/masscuite circulation, steam admission and condensate drainage 

provisions. The fundamental process takes place is heat transfer from the heating media (steam) 
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to the masscuite inside the pan (Hugot, 1986).  

   The rate of sucrose deposition on the crystal surface depends on; syrup/molasses viscosity, 

degree of sugar solution super saturation, boiling temperature and quality of input syrup. The 

viscosity of a masscuite is inversely proportional to the temperature and purity of the boiling 

material. The viscosity is increased from A-masscuite to last boiled C-masscuite, which highly 

affects the rate of crystallization. Lowering the pan boiling temperature reduce the rate of 

crystallization, while boiling under elevated temperature  affects quality by inducing colour and 

also incur sugar loss due inversion. The rate of deposition of sucrose over the sugar crystal is 

proportional to the square of super saturation (Karmarkar, 2000). 

 

2.4.2 Principles Involved in Ethanol Production. 

   There are different types of fermentations among which the batch and continuous fermentation 

are the most common. The batch fermentation process is the oldest and conventional method 

used for the production of ethanol from molasses. In this process, several fomenters are usually 

operated in staggered intervals to provide a continuous feed to the distillation columns. As this 

method is not only laborious, time-consuming (36-72 hrs) but also less efficient (80%) and yields 

less alcohol and productivity (2.2 g/t/h)    Continuous fermentation is among the several 

processes that have been developed for improvement. The inherent problems in the batch process 

are, low cell density product and substrate inhibition. The productivity of continuous 

fermentation can be greatly enhanced by yeast cell recycle by the use of a centrifuge and the 

yeast cell density is increased to four-fold to 50% g/t in a laboratory trial. The residence time for 

completion of conversion of 10% glucose feed was reduced to 1.6 hr with a corresponding 

productivity of 30 g/t/h. Simple cell settling systems using flocculating yeasts with essentially no 

equipment (centrifuge) cost could be developed (Bassapa ,1989). 
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  No matter which process is chosen (free cells, flocculent cells, or immobilized cells); as a 

general solution to reduce production costs and improve process efficiency and ethanol yield; the 

continuous fermentation method is the most appropriate. When compared with processes using 

immobilized cells, alcoholic fermentation using free cells offers some advantages: the larger area 

of contact between cells and nutrient medium and the management of current technology. 

However, disadvantages include the higher costs of microbial recycling and installation, high 

contamination risks, susceptibility to environmental variations, and the limitations of the dilution 

rate in continuous fermentation due to wash out (Vasconcelos et. al., 2004). 

  2.5 Summary 

   The analysis of cane molasses and particularly of sugars in it may vary considerably depending 

on the variety of sugarcane, soil, climate, period of the crops, efficiency of the factory 

operations, system of sugar boiling, storage conditions, age etc. The presence of caramel, gums, 

pectin, organic acid and proteinous matter vary in different kind of molasses (Meade, 1977). 

   Some of factors in molasses influencing fermentation are fermentable sugars; inorganic salts; 

volatile acidity and hygienic conditions. Yeast uses fermentable sugar for ethanol production and 

salts inhibits yeast activity due to osmotic pressure. Volatile acids reduce yeast growth and 

ethanol formation (Godbole, 2002). During clarification of the juice in the sugar factory; it is 

observed that lime and sulphur are added. These practice increases the calcium content of the 

molasses and increases volume of molasses in the storage tank because of entrapped gasses like 

CO2 and SO2.  The increased calcium in the molasses retards the fermentation rate and creates 

scaling in the analyzer column. Excess of sulphate also results in lower fermentation efficiency 

and sticky fermentation.  

   The process of sugar crystallization can be modified through nominal investments to 

incorporate ethanol plant and if required, the production of sugar can be suitably curtailed 

without affecting the economy of sugar mill or reducing any intake of sugar cane. 
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The suggested options are; produce sugar from primary juice and divert secondary for the 

production of ethanol or divert part of syrup or divert intermediate molasses mB for the 

production of ethanol.  In each of the cases, there shall be an additional savings in steam energy 

and power resulting in an increase in earnings through export of power (STM, 2005). 

  There is no standard rule as such that limits the determination of number of boiling stages in a 

sugar factory. All the sugar factories in Ethiopia follow three stages of sugar crystallization 

system including Wonji-Shoa Sugar Factory (WSSF). Sugar crystallization from cane juice and 

producing final molasses (mF) (fig.4.11) and the alternative intermediate molasses (mB) 

(fig.4.12) as an input for ethanol fermentation following conventional and modified methods are 

indicated to show the starting point of molasses as source for fermentation. 

 

3. MATERIAL AND METHODS of the Study 

3.1 Materials  

o Molasses from conventional, and   

o Intermediate sugar crystallization stages 

o Industrial yeast strain, Dinitro Salicylic acid (DNS) , Sulphuric acid, Neutral Leadacetate 

Solution, Disodiumphosphate, coppersulphate (CuSO4.5H2O), sodium potassiumtartarate 

(KNaC4H4O6.H2O), Sodium hydroxide,Indicators (methylene blue), 

conc.orthophosphoric , YPD (yeast extract, peptone, dextrose) medium , Erichrome black 

T, E.D.T.A (ethylene diammine tetra acetic acid Di-sodium salt ) etc. 
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o Spectrophotometer: Model A.H  Korthof B.V.  Made in Holland.  

o ABBEMAT digital automatic referactometer version OL release 8/93, precision of 0.01. 

Made in Germany and purchased in the year 2000.  

o Incubator , model MIR-253 programmable SANYO of Japan origin, purchased in the 

year 1997  

o Autoclave; The ST-19 express equipment pressure steam autoclave.  Portable universal 

electric model. British origin purchased in the year 1997  

o Glasswares , Laboratory distillation apparatus, Thomas counting chamber (Cell counter) , 

Petri dishes, slants, micro-pipettes, Bunsen burner,  hot plate, Desiccators, Balance etc. 

Pycnometer ,  

 

3.2. Methods  

3.2.1. Description of Study Area and Sampling Technique 

The methods followed to study and evaluate the economic feasibility of sugar-ethanol mix and 

select suitable sugar crystallization process was carried out by conducting process simulation. 

The objective of conducting simulation was to enumerate the sugar and molasses that can be 

obtained from both conventional and intermediate sugar crystallization systems. Considering the 

three sugar mills that exist in Ethiopia in relation to their milling capacity and the level of 

technological development, Wonji Shoa Sugar Factory (WSSF) was selected and assessment was 



 

 

 

 

19 

made. The basis for selection was the high probability of realization of expansion and 

diversification projects which may incorporate the proposed modification on sugar crystallization 

systems. Wonji Shoa Sugar Factory is located about 10 km in the south west of Adama city 

having a capacity of 73000 tons of sugar per annum. It is planned to expand to 300,000 tons of 

sugar production and over 25000 cubic meter of power alcohol per annum within the coming 

five years (ESDA, 2005).  

 

3.2.2. Chemical Compositions and Nutritional Analysis of Cane  

         Molasses 

 

3.2.2.1. Analyses of Total Dissolved Solids 

According the procedure of ICUMSA (1994) total dissolved substance composition commonly 

termed as brix for both molasses samples were determined in triplicates. About 100 gms of 

molasses sample was weighed on analytical balance with accuracy 0.01 and poured into 

Erlenmeyer flask at which about 500 gms distilled water was add to bring to about 600 gms of 

total weight. The sample was kept under magnetic stirrer and stirred until homogenized solution 

obtained. Using covered funnel with a watch glass to minimize evaporation the sample was 

filtered through a fluted whatman No 91 filter paper. The first 20 mL of filtrate was rejected and 

sufficient filtrate was collected in a 150 mL beaker for brix analysis. The temperature of the 

filtered molasses solution was kept at 20
0
c using water bath supported by inbuilt 

thermocirculator. Brix reading was taken using ABBEMAT digital automatic referactometer. 

3.2.2.2. Determination of Sulphated Ash  

As per the procedure of LMSASF (1985), the sample has been well mixed; samples 
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solutions were prepared in triplicates in crucibles by taking the required value and adding equal 

quantity of water. Into about 20 gms sample 20 gms water was add, with a 1:1 w/w solution. In 

the three samples 2 mL of sulphuric acid was add. The crucibles were heated using Bunsen 

burner in a fume cupboard until completely carbonized.  The sample crucibles were placed in a 

muffle furnace at 550
0 

C for 2 hours. Removed, cooled, and add 2 mL H2SO4 acid solution, 

evaporate on the Bunsen burner in a fume cupboard, and incinerate at 650
0
C for 30 minutes 

Cooled in the desiccators and weighed. The sulphated ash, percent by mass was evaluated form 

the following relations  

% sulphitated ash = 1002
1

02
x

M

MM −
 

   Where:  - Mo = Mass of empty crucible 

         M1 = Mass of the original sample 

         M2 = Mass of the residue and crucible 

3.2.2.3. Determination of Calcium Content 

MLPL (2000) procedure was adopted to analyze the calcium oxide content of the given molasses 

samples. E.D.T.A (Di-sodium salt of ethylene diammine tetra acetic acid) solution was prepared 

by weighing accurately about 9.306 g of E.D.T.A and dissolved in distilled water and made up 

the solution to 1000 mL to obtain exactly 0.025 M solution. Ammonia buffer solution was 

prepared by dissolving about 16.9 g NH4C1 in 143 mL ammonium hydroxide solution and made 

the volume 250 mL with distilled water. Eriochrome black T was prepared from about 0.1 g of 

Erichrome black T in to a 1.0 mL volumetric flask and dissolve the same in rectified spirit or 
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absolute alcohol and made up the volume with the same solvent and used it as the indicator. 

Standard calcium solution of 0.025 mol/L (1 ml=1.002 mg Ca) for standardizing the E.D.T.A 

solution was prepared by transferring about 2.502 g of calcium carbonate in to a 1 L volumetric 

flask and dissolved in 10 mL of dilute hydrochloric acid (about 18 g HCl/100 mL) and made up 

to the mark with water.  

About 5 g of molasses samples were dissolved in water and make the volume to 100 mL with 

distilled water. 10 mL of this solution was Pipette out in a conical flask. Add 2 mL of ammonia 

buffer and 2-3 drops of Erichrome black T indicator. Titrated against standard E.D.T.A solution 

and the end is wine red to green. Colour change depends upon the colour of diluted molasses 

solution. Note the titration reading as ‘N’  

Calculations: 

If “N” ml of 0.025 mol/L   EDTA is consumed in the titration the amount of calcium in the 

sample is 1.002 x N mg.  

Amount of calcium in 5 g molasses   = [N x 1.002 x 10] mg 

Amount of calcium in 100 g molasses = [N x 1.002 x 10 x 20] mg = Z 

Note: Calculations also can be done on the basis of 100 Brix. For this measure, the Brix of 

molasses sample and calculate as follows. If Y is, the Brix of molasses then for 100 Brix calcium 

content will be    

                                                 
Y

xZ100
 mg calcium 

                                           

Where: Y, brix of molasses  
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          Z, amount of calcium in 100 g molasses 

 

3.2.2.4 Determination of Total Sugar as Invert (TSAI) 

The total sugar concentration of the sample of molasses has been predetermined by dinitro 

salicyclic acid (DNS) method of Miller (1959) prior to the start of fermentation process in order 

to regulate the sugar concentration in prepared substrate. In the method, the general equation that 

enables obtaining the sugar concentration in relation to optical density (OD) was used. The 

relationship between total sugars and optical density was obtained after the spectrophotometer 

OD reading.  

Standard glucose stock solution of 1000 µL was prepared by dissolving about 0.1 g analytical 

grade glucose in 100 mL of distilled water. Solutions with different concentration were prepared 

as follows from the above stock solution in duplicates. Then 2 mL of dinitro salicyclic acid ( 

DNS)  was added into each duplicate, boiled at 90
0
C for 7-8 minutes and finally reading of 

optical density at 540 nm were taken after cooling to room temperature 

 

 

 

 

Table No 3.1 Standard glucose solution  

Sample codes 1 2 3 4 5 6 7 8 9 10 

Volume of stock solution (mL) 0.1 0.2 0,3 0,4 0.5 0.6 0,7 0.8 0.9 1.0 
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Volume of distilled water added 

(mL) 

2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 

Total volume (mL) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

 

The obtained results were analyzed using SPSS software version ten for windows and the general 

relations of optical density with concentration satisfying the following equation was generated. 

 General equation  aBxY +=  

          Where “B”; coefficient, and “a”-constant obtained from SPSS  

Therefore the governing equation was:- 

 025.0631.0 += ODY   ; Where Y, concentration of prepared solution 

                                       OD, optical density reading using spectrophotometer 

The equation was used to estimate the total invert sugar concentration in molasses sample before 

and after dilutions and residual sugars of fermented substrate after fermentation process.  

 

 

 

3.2.2.5 Determination of Reducing Sugars  
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Following the method of MLPL (2000) neutral lead acetate, Fehling’s solution ‘A’ and Fehling’s 

solution ‘B’ were prepared and standardized after which analysis of reducing sugars was carried 

using the solutions as follows. 

Lead acetate and disodiumphosphate - potassiumoxalate solution were prepared by dissolving 

about 100 gms of lead acetate, about 70 gms disodiumphosphate and about 30 gm of potassium 

oxalate in distilled water respectively. The solutions were made to one liter in 1L volumetric 

flask.  

Fehling’s solution ‘A’ and Fehling’s solution ‘B’ were prepared separately by  dissolving about 

34.64 g of coppersulphate (CuSO4.5H2O) in water and make up to 500 mL and about173 g of 

sodium potassiumtartarate (KNaC4H4O6.H2O) in 300 mL of water in a 500 mL measuring flask. 

About 50 gms of sodiumhydroxide was dissolved in 50 mL of distilled water cooled and added 

to solution of sodiumpotassium tartate and make up to 500 mL mark with water. Solution of 

methylene blue was prepared by dissolving about 0.2 g of pure methylene blue in water and 

made the volume up to 100 mL. A solution of 6N NaOH and concentrated hydrochloric acids 

were prepared and used. 

About 9.5 g of sucrose was dissolved in 75 mL of distilled water using a measuring flask of one-

liter capacity. Add 5 mL of conc.HCl (sp.gr 1.19) in to the same and leave over the mixture for 

about 24 hours.  Then carefully neutralize the solution adding sodium hydroxide solution, drop 

by drop until the reaction is still very weakly acidic. To perform the same accurately, one 

actually titrates separately 5 mL of the hydrochloric acid used for inversion with a four percent 

sodium hydroxide solution using methyl orange as indictor. If 45 mL of sodium hydroxide 
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solutions is required for the neutralization of conc.  HCl then add only 45 mL of sodium 

hydroxide to the invert sugar solution. After the neutralization, make up the volume with water 

to the one liter mark. Invert sugar solution prepared in this manner can kept only for about five 

days after which a fresh solution should be prepared again.For standardization of the Fehling 

solution. Take 100 mL of the invert sugar solution in a measuring flask of 500 mL capacity and   

make up the volume with water to 500 mL mark.  

 One milliliter of this diluted solution contains. 

2mg500x1000)]00x1)/(19x[(9.5x20x1 = Invert sugar 

If, the Fehling’s solution has been accurately made, 10 mL of the same would require 25.64 mL 

of invert sugar solution. In most cases, the Fehling solution prepared will not be very accurate 

and the factor should be used to get the figure.  

This factor will be = 
A

64.25
 

Where ’A’ is the number of milliliters of invert sugar solution (containing 2 mg/mL) used for the 

titration of the Fehling’s solution. 

Weigh accurately about 12.5 g of final molasses and put in to 250 mL measuring flask with the 

add of distilled water and 25 mL undiluted 10% Neutral Lead Acetate solution are added for  

clarification make up the volume to 250 mL mark with distilled water  and filter through mixing. 

Transfer 50 mL of the clear filtrate to a 250 mL measuring flask add 10 mL of 

disodiumphosphate, potassium oxalate solution make up the volume to 250 mL mark with 

distilled water, shake well and filter. Take 50 mL of the filtrate in a 100 mL measuring flask add 
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about 5 mL conc. Hydrochloric acid and heat to 65
0
C in a water bath for 10 minutes. Cool to 

room temperature and neutralize with sodium hydroxide solution, using phenolphthalein as 

indicator make to mark with distilled water. Rinse and fill the burette with solution and titrate 

with 10 mL of Fehling solution (5 Fehling ’A’ and 5 mL Fehling ‘B’) as usual using methylene 

blue as indicator. End point is the change colour from very deep blue to olive green and finally to 

the red colour of the cuprous.The Fehling’s solution used has to be standardized firstly with a 

solution of invert sugar containing 2 mg of invert sugar per ml.To calculate reducing sugar in the 

final molasses; 10 mL of Fehling’s solution = 0.05128 g of RS (Reducing sugar). 

RS = f

fr

D
FB

×
×

×10005128.0
  Where :  Rs reducing sugar, Br , burette reading, Ff is Fehling’s  

                                            factor and Df is dilution factor. 

 3.2.2.6    Determination of Colour of the Molasses. 

The color of molasses samples was determined following the procedure of  MLPL (2000) 

Solutions of molasses samples were prepared by dissolving 1 g of molasses in distilled water and 

fill total volume of 100 mL. The filtrate was collected in 100 mL beaker after filtration through 

0.45 µm membrane under vacuum. The pH adjusted to 7.0 + 0.1 using HCl or NaOH. The 

absorbance was measured in 1 cm cell at 420 nm against water as reference. Beakers (100 mL 

and 250 mL),pH meter, Spectrophotometer, Measuring cylinder, Membrane filter were apparatus 

and HCl (0.05 m) and NaOH (0.05 m) were reagents used in the determinations.  

Calculations: 

       Absorbance at 420 nm colour =  
BxC

Ax 100    

 Where:  A = Absorbance at 420 nm (OD), B = Cell length in cm and               

                     C=Concentration of total solids in g/mL as determined by refractometer  
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3.2.2.7. Determination of Nitrogen Content 

The nitrogen content of sample was determined by using kjeldahl method described by ES 

(2004). In the method all nitrogen was converted to ammonia by digestion with a mixture of 

conc. suplphuric acid and conc.orthophosphoric acid containing potassium sulphate as boiling 

point raising agent and selenium as catalyst. The ammonia released after alkalinization with 

sodium hydroxide was steam distilled into boric acid and titrated with sulphuric acid. Weighing 

out molasses sample transferred into a testator tube, Place it in the tecator rack. Adding 5 ML of 

NH4Cl solution in to each tecator tubes and 6 mL of the acid mixture that was mixed of 5 parts of 

conc. Orthophosphoric acid with 100 parts of conc. Sulphuric acid. It has mixed the molasses 

sample and acid carefully. 3.5 mL of hydrogen peroxide was added step-bystep. There was a 

violent reaction. By adding  3gm of the catalyst mixture for 30 min before digestion. Digestion 

was going on for more than 3 hour at 370oc. Distillation has been placed on a 250 ml conical 

flask contain 25 mL of the boric into the solution. Transfer the digested and diluted solution in to 

the sample compartment and added 25 mL of the 40% sodium hydroxide solution into the 

compartment, it has been rinsed down with a small amount of water, and switch on the steam. It 

has been distilled until 100 mL then continued until a total volume of a few mL of water before 

the receiver was removed. Then it was titrated with 0.1N sulphuric acid to a reddish color using 

the radio meter pH stat.  

     Total percent of nitrogen in a sample = 
W

)10014N)BT(( ×××−
 

 
   Where: T:   Volume in mL of the standard sulphuric acid solution used in the titration  

                     for the test. 

              B.   Volume in mL of the standard sulphuric acid solution used in the titration  

                  for the blank determination  
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             N.   Normality of standard sulphuric acid. 

             W.  Weigh in grams of the test material.  

 

3.3 Microbiological Analyses of Molasses  

Yeasts and molds in molasses samples were analyzed following the method of ICUMSA (1994). 

Yeasts and moulds are microorganisms which at 30
0
C form colonies in a selective medium with 

a low pH-value (pH<5) or in the presence of an antibiotic. Such media support the growth of 

yeasts and moulds and inhibit the growth of bacteria. Yeasts are opaque, white, yellow or pink, 

whilst moulds form a mycelium which is often white with black, brown or green spores. 

The amount of molasses sample corresponding to10gms of dry matter was taken in the 200mL 

Erlenmeyer flask that was marked to indicate 100mL. Sterilized water was added up to the 

100mL mark and shake thoroughly to dissolve add mix the sample. Dilutions from initial 

solution (1:10, 1:10
2
, 1:10

3
) were made. Medium containing yeast extract 5gms/L, glucose 

20gms/L, chloramphnicol 0.1gms/L agar 20gms/L broth at pH of 6.6 in test tubes were prepared 

and used for each dilution (1:10, 1:10
2
, 1:10

3
) and the tubes were incubated at 47 + 1

0
C. 

1 mL of the sample from each dilutions were transferred into two sterilized Petri dishes and  

about 15mL of the medium, previously melted and maintained at 47 + 1
0
C poured, from a culture 

tubes into 2 sterile Petri dish. Carefully mix the inoculums with the medium and allow the 

mixture to solidify, prepare a control plate with only 15mL of the medium to check its sterility. 

Invert the plates and place them in the incubator at 30
0
C for 72h. Count all the colonies from 

plates containing fewer than 150 colonies using the colony counting equipment. Total plate count 

procedure was annexed in appendix -B 
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Calculate the number of CFU per 10g molasses sample or per 10g of dry matter by the following 

calculation:  

 CFU/g of molasses or dry plates = (N1+0.1N2) d 

Where:   Σc = the sum of the colonies counted on all the plates 

              N1 = the number of plates counted in the first dilution  

             N2 = the number of plates counted in the second dilution 

            d   = the dilution from which the first counts were obtained (10
-1

) 

3.4   Analyses of Unfermentable Sugars.  

Unfermentable sugar was analyzed according to MLPL (2000). Weigh out about 25g of molasses 

in to a clean toned weighing dish. Dilute the molasses to 250 ml with distilled water, adjust PH 

of molasses solution to 4.5 add about 0.25g of urea and about 0.1g of Diamonium phosphate as 

nutrients.  Pour this solution to 500ml capacity conical flask. Add about 25g of fresh bakers yeast 

to solution in the conical flask Mix well, stopper the conical flask with non absorbent cotton 

plug. Keep these conical flasks at 30
0
 C in incubator for 24 hours.Find out the total reducing 

sugars of this fermented wash by Eynon and Lane method.  

   % unfermentable = )BDF05128.0 rff ×××   where:  Ff Fehling’s factor, Df dilution                                                     

factor and Br , , burette reading 

3.5 Seed Culture Preparation for Fermentation Tests 

The molasses used as fermentation source in this experiment was collected from Wonji-Shoa 

sugar factory for which nutritional and chemical analysis were conducted to 
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examine its compositions prior to further experiments. After determination of samples initial 

sugar contents, solutions of 12 %, 15% and 18% sugar concentration from intermediate molasses 

‘B’ (mB) and molasses final (mF) were prepared for fermentation experimental tests.  

Molasses samples were prepared in 250 mL Erlenmeyer flask in duplicates for every 6 hours 

experimental tests until completion of fermentation. Fermentation substrates of 12%, 15% and 18 

% concentration were prepared based on respective samples sugar compositions. After adding 2 

g/L urea, and adjusting the pH of each solution to 5.5 with H2SO4, sterilized at 121
0
c for 15 

minutes and cooled to room temperature. Each duplicate was inoculated using seed culture 

incubated at 30
0
c for approximately 17 h which corresponding to the mid exponential growth 

phases Ergun and Mutulu (1999) at a ratio of 10% V/V and incubated at 30
0
C.  

The strain sacchsromyces cerevisiae used in this work was obtained from alcoholic fermentation 

of sugar cane molasses of Finchaa sugar factory.  A fermentation broth of liquid medium which 

includes yeast extract, peptone, dextrose (YPD)  agar plates without solidification (Ueno 

et.al,2001) containing yeast extract 10 g/L, peptone 10 g/L and dextrose 20 g/L was prepared in 

triplicates in 500 mL sterilized Erlenmeyer flask. The pHs of solutions were adjusted to 5.5 using 

concentrated H2SO4. Stirred thoroughly, filled to the mark and sterilized at 121
o
C for 15 minutes 

(Hartman, 2000; Sheoran et.al, 1997). Each medium were inoculated under varied yeast 

concentration from Finchaa sugar factory. Dry yeast of 1, 3 and 5 g respectively were used 

(Ueno et.al, 2001; Paturau, 1989). The prepared broth were incubated at 30
0
C for 17 hours and 

used to inoculate the molasses samples. 

3.6 Fermentation Experiment Designs  
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After preparation of samples at the required concentration levels, fermentation tests have been 

carried out. The strategy adopted was to use precultured seed inoculums’ on two types of 

molasses; one obtained from intermediate sugar crystallization stage (mB) and final sugar 

crystallization stage (mF) separately in batch controlled fermentation in Erlenmeyer flask at 

30
0
C. Ethanol was produced in laboratory in a flask and examines ethanol concentration level, 

residual sugar and ethanol product yield. All tests were conducted in duplicates by keeping 

fermentation temperatures, pH values and nutritional supplements as ammonia constant for both 

molasses types (Ergun and Mutulu, 1999). 

The end of fermentation was set as the time after which two consecutive ethanol concentrations 

differed by not more than 2.2% (Echegaray et.al. 2000). In the experiments conducted the effect 

of type of molasses, initial sugar concentration, yeast cell density on ethanol production were 

examined by keeping the rate of dosing of ammonia supplement, the fermentation pH and 

temperature constant. After completion of fermentation of each batch of samples; distillation 

using laboratory setup apparatus were carried.  

 3.6.1 Analyses of Ethanol Content. 

The ethanol concentrations of the samples collected every 12 hours intervals by distillation of 

fermented solution were measured following the procedure of Geirwyr (1995). The specific 

gravity of the produced alcohol was determined and alcohol concentration was sought from the 

relationship between the specific gravity and the proportion of ethanol in alcohol solution at 20
o
 

C.  

Weigh the pycnometer (specific gravity bottle) with stopper after cleaning, drying and note the 

weight as X1 at 20
o
C.  Fill the pycnometer with freshly boiled and cooled distilled water and take 

the weight of the water at 20
o 

C and note as X3.   Make the pycnometer empty, clean, 
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dry and then fill with sample (alcohol) under test. Determine the weight of the sample at 20
o
C 

and note as X2.  Calculate the net weight in grams of the alcoholic liquid in the pyknometer by 

subtracting the weight of the empty specific gravity bottle or pyknometer. Calculate specific 

gravity of sample according to the formula given.  

Specific gravity of sample      =   
)(

)(

13

12

xx
xx

−

−
 

Where:  x1 - weight (g) of empty pycnometer  

             x2 -     weight (g) of  pycnometer + sample  

            x3 -      weight (g) of  pycnometer + water 

                 3.6.2 Analysis of Residual Sugars 

The method of Miller (1959) was followed to determine residual sugars in fermented mash. The 

inoculated molasses samples of 12%, 15% and 18% sugar concentrations from each type of 

samples were incubated at 30
o
C until fermentation completes. Supernatants were collected every 

12 hrs and 0.3 mL of supernatant has diluted with 2.7 mL distilled water and 1 mL of DNS 

reagent. The preparations were made in duplicates. It boiled at 90
0
C for about 10 minutes and 

cooled to room temperature. Absorbance reading of supernatants were taken and converted to 

sugar concentrations based on the governing equation  

3.6.3 Study of Cell Growth and Viability 

The viability of cells was determined by the methylene blue technique.  200 micro liter sterile 

solution of methylene blue (3.3mM in 68mM sodium citrate) was mixed with 200 micro liter of a 

yeast suspension diluted to reach an optical density at 620 nm of 0.4 to 0.7. The mixture was 
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shaken and placed in a Thomas counting chamber after 5 minutes of incubation. The numbers of 

stained (non-active) or unstained (active) cells were counted. The percentage of viable cells was 

the numbers of unstained cells (live cells) divided by the total number cells (stained and 

unstained) (Bideaux et.al, 2005; Ueno et. al 2001and Reddy, 2005).  

3.7 Principles of Material Balance in Sugar Crystallization Stages  

Process simulation was conducted for ten days at WSSF to review sugar crystallization system 

based on analyses results of samples during the period. About 100 A- m/c, 24 B-m/c and 27 C-

m/c productions were expected to be produced in the simulation days and it was planned to 

analyze 30 A-m/c, 8 B-m/c and 8 C -m/c samples. Analyses of products samples were carried out 

following standard procedures LMMSF (1994) attached in appendix-A. 

Evaluations of the material balance to determine the flow rate of each product for both 

conventional and modified process were done as per standard methods. Solid as brix in syrup 

was assumed to be 100 % and it was produced to final sugar & final molasses following the 

general approach of Hugot (1986). From sugar and solid balance around the sugar crystallization, 

we can obtain the following relations; Let Qs, Qe, Qm, be weights of sugar, molasses and syrup,  

Bs, Bm, Be  be % solid (brix) of sugar, molasses, syrup and Ps, Pm, and Pe  be % purity of  sugar 

,molasses and syrup respectively. Brix % and purity % of each material was analyzed in 

laboratory, while weight of syrup (Qe) obtained from material flow rate of the factory. Detail 

balance was shown in appendix- C 

           BeQe  =    ssmm BQBQ +                          equation 1 

          )]()[( QsBsPsQmBmPmQeBePe +=     equation 2    
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   Table No 3.2 Wonji Factory designed and capacity data (WSSF 2001). 

material qty% 

cane 

% Birx % 

purity 

Solid % 

cane 

Sugar 

%  

Sugar in 

basgsse 

Sugar in 

mud cake 

Cane  100    14.58   

Mixed juice 100 16.79 85 16.79 13.89   

Syrup  23.97 65 85 15.94    

m/c % cane  45    

Sugar in other materials   0.69 0.05 

 

3.8 Data Analysis Procedure 

All data were analyzed by SPSS software version 10 for windows using one way ANOVA 

(analysis of variance) among treatment means at 5% level of significance were compared using 

the least significant difference (LCD).  
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4. RESULTS AND DISCUSSION 

4.1 Chemical and Nutritional Composition of Cane Molasses  

 Physicochemical and some microbiological characteristics of molasses from conventional 

and modified crystallization process were carried out. The determined results are indicated in 

table 4.1.  

        Table No 4.1    Chemical Composition and Nutrition’s Analyses Results  

Analytical parameters Molasses samples 

A-chemical analysis Molasses – B Molasses- Final 

Brix (Degree Brix) At ambient temp. 80.63 86.00 

Dry suspended particles  (>100 µ ) (%w/w) 
8.20 13.27 

Total sugars as invert (TSAI) (%w/w) 53.6 41.6 

Calcium as CaO (%w/w)    1294.16 1832.64 

Reducing sugars (%w/w) 15.5 12.5 
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Colour in terms of optical density (OD) at 420 nm 
with 0.1 w/v dilution   

440.51 

 

647.46 

Nitrogen content (%w/w) 0.36 0.90 

Sulphated ash (%w/w) 10.47 17.12 

Unfermentable sugars (%w/w) 4.63 5.55 

    Molasses from conventional process (mF) was found to have a mean values 86 % w/w of total 

dissolved, 41.6 % %w/w of TSAI, 1832.6 %w/w of calcium oxide and 17.1 % w/w sulphated 

ash. The results for all physicochemical parameters were in acceptable ranges. Values above 

80% for total dissolved and 40 % - 45% for TSAI are usually figures obtained for molasses after 

three stages of sugar crystallization system (Rao, 1997). In molasses from modified 

crystallization stages (mB) mean values of 80.6 % w/w as total dissolved solids, 53.6 % w/w as 

TSAI and 1294.16 % w/w were obtained.  mB was found with highest TSAI and lowest calcium 

compositions when compared to mF. There were also major difference on other parameters 

which arisen from difference in sugar crystallization systems.   

4.2 Microbiological Analysis of Cane Molasses 

Both molasses samples were analyzed for microbiological counts in the form of yeasts and 

molds. Results as total viable count were found as 378 CFU per 10 g for mB and 428 CFU per 

10 g for mF. The Microbial count for mB was found lower than mF which might be due to its 

higher sugar content that affects the growth.  

4.3 Laboratory Scale Ethanol Production via Fermentation of mF and mB  

4.3.1 Ethanol from Molasses Final (mF) 

   Volumetric rate of ethanol production (Qp) was determined from a plot between 
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ethanol concentration (g/L) and time of fermentation (h), ethanol production rate Yp/S was 

determined by considering ratios of change in ethanol concentration (g/L) verses time (h) to 

change in substrate consumption rate residual sugar (g/L) versus time of fermentation (h). 

Ethanol produced from mF was found to have a concentration that varied from highest of 53 g/L 

to lowest of 30 g/L by varying fermentation broth initial sugar concentration (12,15,18 % ) and 

yeast initial concentration (1,3,5 g/L). Value of 72 g/L of alcohol concentration was reported by 

Rajoka et.al (2004) and a value of 70 g/L-100 g/L was commonly produced in the alcohol 

industry as reported by Yansong et.al (2000). The obtained result was lower compared to the 

above literature figures which could be related to the capability of the used yeast strain.  

Fig. 4.1- fig.4.3 shows results for ethanol production obtained in cane molasses (mF) medium of 

having different sugar concentrations at different yeast initial concentrations. Ethanol production 

rate and concentration achieved were unsatisfactory at 18% initial (fig.4.1) sugar concentration 

when compared to 15% and 12% concentrations respectively.  It achieved 30 g/L alcohol 

concentration in mF at 18% sugar concentration. At 12% sugar concentrations the yeast utilize 

the sugar to maximum (fig.4.3) resulting in the production of alcohol concentration of 53 g/L on 

mF. Substrate concentration is an important factor in fermentation, so it was selected as one of 

the variables in experimental design. In general concentration of the produced alcohol found 

increased as initial sugar concentration decreased. The obtained results agree with the ideas of 

Ergun and Mutulu (1999); high substrate concentration inhibits growth and product formation 

and may distort the metabolism of micro-organisms.   

The produced alcohol yield, the  major component after fermentation was found to varied from 

the highest of 0.31 g/g substrate at 12 % initial sugar concentration and 5 g/L yeast 
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initial dose  to lowest 0.14 g/g substrate at 18% initial sugar concentration and 1 g/L yeast initial 

dose respectively. The obtained yield was low compared to literatures. Rajoka (2004) reported 

yield value of 0.38 g/g in the study for comparison of the parental saccharomyces cerevisiae 

strain to its thermotolerant mutant strain. The same was reported by Najafpour et.al (2003) in 

laboratory level fermentation but, using immobilized cell bioreactor. Theoretically it was 

assumed that about 0.51 g/g can be produced (Rao, 1997).   



 

 

 

 

39 

 

Fig 4.1:  Ethanol production in 250 mL Erlenmeyer flask controlled batch fermentation at 1g /L 

yeast concentration on mF. 
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Fig 4.2:  Ethanol production in 250 mL Erlenmeyer flask controlled batch fermentation at 3 g /L 

yeast concentration on mF. 
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Fig 4.3:  Ethanol production in 250 mL Erlenmeyer flask controlled batch fermentation 5 g /L 

yeast concentration on mF. 
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4.3.2. Ethanol form Intermediate Molasses (mB) 

Ethanol concentration that varied from highest of 83 g/L to 36 g/L were obtained on mB  by 

varying fermentation broth initial sugar concentration (12% ,15 % ,18 % ) and yeast initial 

concentration (1,3,5 g/L). The obtained result was much higher than that of mF which could be 

from the difference in their inhibitory constituent calcium ions. The analysis for calcium oxide 

(table 4.1) reveals major difference between the two molasses.  

Fig. 4.4 - fig.4.6 shows results for ethanol production obtained in (mB) medium of having 

different sugar concentrations at different yeast initial concentrations. Ethanol production rate 

and concentration achieved were satisfactory at 12% initial (fig.4.6) sugar concentration when 

compared to 15% and 18% concentrations respectively. It achieved 83 g/L alcohol concentration 

at 12% sugar concentration in the fermentation broth and 5 g/L yeast initial concentration. At 

18% sugar concentrations the yeast consume limited amount of sugar (fig.4.4) resulting in the 

production of alcohol concentration of only 36 g/L.  

The produced alcohol yield was found varied from the highest of 0.47 g/g substrate at 12 % 

initial sugar concentration and 5 g/L yeast initial dose  to lowest 0.16 g/g substrate at 18% initial 

sugar concentration and 1 g/L yeast initial dose respectively. The obtained yield on mB was 

higher compared to mF mainly from the improved quality of molasses. The compositions of mB 

interms of TSAI 53.6 %, suspended ash 8.2 % unfermentable sugar 4.63% and sulphated ash of 

10.47 % against 41.6 %, suspended ash 13.27 %, unfermentable sugar of 5.5 % and sulphated 

ash of 17.12 % for mF were assumed to be major variables that take place role in 
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fermentation quality improvement of the molasses. 

 

 

Fig 4.4:  Ethanol production in 250 mL Erlenmeyer flask controlled batch fermentation at 1g /L 

yeast concentration on mB 
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Fig 4.5:  Ethanol production in 250 mL Erlenmeyer flask controlled batch fermentation at 3g /L 

yeast concentration on mB 
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Fig 4.6:  Ethanol production in 250 mL Erlenmeyer flask controlled batch fermentation at 5 g /L 
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yeast concentration on mB. 

 

 

4.3.3 Comparison of Ethanol Yield and Alcohol Concentration  

The chemical compositions of the two molasses indicated in table No 4.1 reveals the major 

difference between them. The difference arises from the sugar crystallization stages and the 

intermediate molasses was with better quality both in TSAI and fermentation inhibitory 

constituents. Ethanol yield was found better on good quality molasses having high TSAI and low 

inorganic ashes. A yield value as high as 0.47 g/g of substrate used was obtained on mB at 12% 

initial sugar concentration and 5g/ L yeast dose. 

The inhibition of increased substrate concentration in the fermentation broth reflects in both 

molasses samples from the very beginning of fermentation time and resulted in a total decrease 

of about 56.6 %  on concentration of ethanol produced on mB (fig. 4.4 ) and 43.4% on mF (fig 

4.1). The decrease in ethanol production may be partially due to substrate inhibition, which was 

supported in similar observations that have been reported by Sheoran et.al. (1997) and the 

inhibitory effects of high concentrations can be linked to substrate osmolality (Dale, 2006).The 

sugar concentrations up to 15% ,the rate of ethanol production per cell is essentially at its 

maximum, beyond this concentration, catabolite inhibition of enzymes in the fermentation path 

may takes place and conversion rate is slowed (Bassapa ,1989). 

Low ethanol yield was obtained on mF medium at 18% sugar concentration and 1g/L yeast dose 

that is 0.14 g/g substrate (fig 4.1). The presence of inorganic ashes (table 4.1.) that were found as 
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high as 1824.9 % w/w as calcium ions in mF against a value of 1294.1% w/w for mB had 

showed significant effect. The results agrees with Godbole (2002) which indicates that the higher 

the inorganic ashes the lower the rate of conversion of the existing sugar into alcohol by yeast. 

The concentration of alcohol, yield and substrate consumption of the produced ethanol in both 

molasses types varied significantly (p<= 0.05) with the concentrations of initial sugar and initial 

yeast dosage (fig. 4.1 - 4.6). In general batch fermentation kinetics of ethanol production on mB 

with respect to ethanol concentration of 83 g/L (fig.4.6) and ethanol yield of 0.47 g/g substrate 

(table 4.3) were found much better than ethanol concentration of 53 g/L (fig. 4.1) and 0.31g/g 

substrate on mF( table 4.3). This indicates that fermentation of mB brought about significant (p 

<0.05) improvement in produced alcohol concentration and yield than mF. Initial sugar 

concentration of 12% and initial yeast concentration of 5 g/L were found as optimum, since the 

yield value in this case found maximum than others.  
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Fig.4.7: Effect of molasses quality on ethanol concentration mB and mF at 1, 3, and 5 g/L yeast 

dose.  
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Fig.4.8: effect of molasses quality on substrate consumption on mB and mF at 1, 3, and 5 g/L5 

yeast dose.  



 

 

 

 

50 

 

 

 Fig.4.9: Effects of molasses quality on alcohol yield on mB and mF at 1, 3, 5 g/L yeast dose.  
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Table 4.2 Effects of varied initial yeast and initial sugar concentration on yield of mB and mF. 

sug.conc. 

yeast 

conc. 

1g/L 

mB 

yeast 

conc. 

3g/l mB 

yeast 

conc. 

5g/L mB 

yeast 

conc. 

1g/L mF 

yeast 

conc. 

3g/l mF 

yeast 

conc. 

5g/L mF 

12% sug.con. 0.30 0.43 0.47 0.30 0.30 0.31 

15% sug.con 0.22 0.33 0.41 0.26 0.27 0.27 

18%  sug.con 0.17 0.19 0.19 0.17 0.16 0.19 

 

4.3.4 Cell Growth and Viability      

The amount of yeast used for fermentation was another variable kept under study consideration 

and found that less residual sugars remain in the fermentation broth at 5 g /L yeast compared to 3 

and 1 g/L yeast dose to fermentation broth. In figures (4.6),  it was shown that the values of 

residual sugars remains in fermentation broth of the sample of mB at 12% was lowered to about 

2.6 % at 5gm/L yeast dose. The values for mF medium at 12 % and 15 % were comparatively 

come down to 3.4 % and 3.8 % respectively when compared to initial sugar concentration of the 

prepared samples. The results are in accordance with that reported by Pataru (1989) that the 

ordinary rate of seeding is about 4gm/1000 liter. The results also agreed with that of Dale, (2006) 

stating that there are two basic methods for accelerating the fermentation rates of sugar media to 

ethanol (a) increase cell density (b) and or reduce the concentration of inhibitory compounds.  
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Fig.4.10 shows that in mB at 12% sugar concentration and 5 g/L yeast dose most of cells remains 

viable which was indicated by increase in concentration of produced alcohol till the end of 

fermentation time. In this condition maximum alcohol yield was obtained, however in mF having 

18% sugar concentration and 1g/L yeast (table 4.3) which gave minimum alcohol yield, the cells 

viability decreased significantly from the very beginning of fermentation time. It was noted that 

at low initial yeast dose and high sugar concentration cell growth completely stopped which 

agrees with the idea of Dale (2006). One of the reasons that, yeast cells are killed or severely 

damaged when they are put into a wash with high sugar concentration due to osmotic pressure 

(HD, 2004).  

 

 

 

 

 

 

   Fig.4.10:  

Yeast growth on mB (blue) at 12% sugar and 5 g/L initial yeast and mF (red) 18% sugar and 1 

g/L initial yeast concentrations. 
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4.4 Material Balance for Sugar Crystallization Systems 

The results of material balance were generally expressed in terms of material flow rates percent 

cane and sugar product balance. Material balance was evaluated based on the intermediate 

products analysis results for both sugar crystallization stages. 

 In the analysis carried out for intermediate products of three stages; syrup purity of 85%, A-m/c 

purity of 87%, sugar purity of 99.5% and molasses purity of 36 % were obtained as mean values. 

The analysis of intermediate products of two stages shows syrup purity of 85%, A-m/c purity of 

86%, sugar purity of 99.5% and B-molasses purity of 50% as mean values. The mean values of 

the analyses results of both three and two crystallization stages are tabulated in table 4.4.  The 

obtained results were found comparable to factory’s routine analyses results and in both cases the 

results are in accordance to literatures (Made and Chen1974, and Hugot 1986).  

In the evaluation of material balance for three crystallization stages, sugar product of 12.61% 

cane, molasses product of 3.73% cane and total m/c production of 43.2% cane were obtained. 

The balance of ethanol production based on fermentation yield results reveals a value of 6.06 L 

per ton of cane and 162.5 L per ton of molasses.  In case of two crystallization stages, sugar 

product of 11.72% cane, molasses of 4.79 % cane and total m/c of 33.7% cane were achieved. 

The balance of ethanol production based on its respective fermentation yield results indicates a 

value of 15.2 L per ton of cane and 317.5 L per ton of molasses. Table No 4.5 and table No 4.6 

indicate the results of intermediate and sugar product balances. Details of each material flow rate 

shown in appendix-C.  

The result of ethanol yield 6.06 L per ton cane obtained for mF was slightly lower 
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than reported by Gonsalves (2006) which was 8 - 10 L/Tone of cane. Table 4.7 shows sugar- 

ethanol- mix material balance. 

The value of ethanol yield for mB 317.5 L / ton molasses found more than double the amount of 

mF and much higher than reported by Rao (1997) which was 220 L per ton of molasses. The 

material balance evaluated for three sugar crystallization stages, for Wonji Factory expressed in 

terms of m/c production of 43.2% cane was slightly lower than the existing plant actual m/c 

production of 45 % cane (table 3.2). The reason might be due to the use of own analyses figure 

(average of samples analyses during process simulation conducted for ten days). 

Table 4.3 Sugar Crystallization Stages Materials Analyses  

Type of material Percentage 2-stage 3-stage 

% brix 92 91 A-m/c 

% purity 86 87 

% brix 80 82 A-molasses 

% purity 75 75 

A-sugar % purity 99.5 99.5 

% brix  93 93 B-m/c 

% purity 75 75 

% brix 85 85 B-molasses 

% purity 50 50 

B-sugar % purity 95 95 

% brix  96 C-m/c 

% purity  60 
C-sugar % purity  95 

% brix   85 Molasses at final stage 

% purity  36 

Table 4.4 Material Balance for Sugar Crystallization Stages 
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Material  2-stage 3-stage 

A –m/c  qty% cane 24 24.9 

B-m/c   qty% cane 9.6 12.8 

C –m/c  qty% cane 5.6 - 

Total m/C % cane  43.2 33.7 

molasses  qty% cane 4.79 3.73 

Table No 4.5   Sugar Product Balance  

ugar balance % cane for 2-stage % cane for 2-stage 

Sugar input in cane  14.58 14.58 

Sugar in mixed juice 13.89 13.89 

Sugar  in bagasse  0.69 0.69 

Sugar in filter cake 0.05 0.05 

Sugar in final molasses 2.03 1.14 

Sugar due to chemical losses 0.09 0.09 

Sugar recovery 11.72 12.61 

Table 4.6 Sugar – Ethanol Mix Material Balance  

 2-stgae 3-stage 

 % cane  Weight flow rate 

per unit time 

% cane  Weight flow rate 

per unit time 

Sugar production tons per ton cane (w/w)  11.72 0.1172 12.61 0.1261 
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Molasses production per cane (w/w) 4.79 0.0479 3.73 0.0373 

Total sugar as invert (TSAI) % molasses (w/w) 53.6 0.0256 41.6 0.016 

Ethanol production %  molasses (w/w) 0.47 0.012 0.31 0.005 

Specific gravity of ethanol  0.7934  0.7934  

Ethanol production (L) per ton cane   15.21  6.06 

Ethanol production (L) per ton molasses  317.5  162.5 

4.5 Economical and Technical Evaluations  

Sugar cane was processed to sugar cane using the manufacturing machineries and equipments 

layout indicated (fig.4.13), in either three (fig.4.11) or two (fig.4.12) sugar crystallization stages. 

The obtained products were sugar and molasses from sugar plant and by attaching distillery plant 

ethanol can be obtained as another product. The production of ethanol is carried in a distillery 

plant using machineries layout indicated in figure 4.14. Although the technology used to produce 

ethanol from cane molasses source determines the efficiency of a distillery plant; mostly high 

ethanol yield depends on quality of molasses used for fermentation. 

The economic evaluation was limited in estimating the economic return that can be obtained 

from one ton of cane to be processed under the following assumptions.  

o  In the modification of sugar crystallization made, process redesign that didn’t require 

additional investment nor production costs was sought. 

o The modification system is applicable to the new sugar factory which shall incorporate 
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ethanol plant.  

o The sugar production process is expected to operate at designed optimum efficiency from 

sugar recovery point of view except at sugar crystallization stage at which change was 

made in this study. 

o Ethanol plant is expected to operate and maintains at least the ethanol yield that was 

obtained at laboratory level. 

o There were no major variations in operating (unit production) costs of both sugar factory 

and ethanol plant except for the selected parameters considered in this study. 

Once the parameters of the studied system are identified, it is possible to associate the values of 

the additional ethanol production with the economic parameters in order to evaluate the over all 

revenue per ton of cane to be processed.  The redesigning of the sugar crystallization process 

shows that, sugar production was decreased from 12.61 % to 11.72% (table No 4.6). Molasses 

production increased from 3.73 % to 4.79 % (table No 4.5). Ethanol product yield increased from 

6.06 L to 15.2 L per ton of cane (table No 4.7) and from 162.5 L to 317.5 L per ton of molasses 

which was brought by redesigning of the sugar crystallization system. About 95.3 % increment 

was seen when compared using laboratory level results of the two molasses samples. As far as 

technical feasibility of the modification system is concerned, at sugar factory; there can be 

improvements on product quality and process operational simplifications. Simplicity in process 

operation can be attained, because a material that has less viscosity is going to be handled as a 

result of modification made on sugar crystallization stages. A viscosity is inversely proportional 

to sucrose molecule crystallization rate and gets increased as number of crystallization increased 
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(Karmarkar, 2000). Avoiding low purity material recycling resulted from extended three stage 

crystallization will bring about product quality improvement. The ethanol production per ton of 

molasses form mF (table 4.6) was found low when compared literatures estimations (Rao, 1997, 

FSFP, 1997 and Paturau, 1969). The reason could be the low conversion efficiency of the yeast 

strain used in this study.  

The overall return in terms total sales increased from 672.6 to 692.4 birr per ton of cane (table 

No 4.8). According to ESDA (2005), there is an expansion project of WSSF to produce about 

300,000 tons of sugar per annum from about 2,400,000 tons of cane. Implementation of the 

studied case will come up with additional income of birr 19.60 per ton of cane which can 

generate over 46 million birr per annum additional revenue through sugar crystallization system 

process redesigning.  

The current local sugar and ethanol unit selling prices and the annual planned tons of cane to be 

processed by WSSF were used in the economic evaluations as follows.   

Earnings from three crystallization stages  

� Sugar product equals:                           birrbirrton 5.63050001261.0 =×  

� Ethanol product equals:                         birrbirrL 14.4200.702.6 =×  

� Gross earnings from three stages:           birr64.67214.425.630 =+  

Earnings from two crystallization stages 

� Sugar product equals:                            birrbirrton 586550001172.0 =×  

� Ethanol product equals:                         birrbirrL 47.10600.721.15 =×  
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� Gross earnings from three stages          birr47.69214.4742.106586 =+  

Additional earnings per ton cane:                    birr83.1964.67247.692 =−   

Planned annual sugar production:                    tons300000  

Sugar % cane:                                                  61.12  

Planned annual cane to be processed:            tons2379064   

Gross total earnings per annum:               birrbirrtons 8.843,176,4783.192379064 =×  

Income tax 35% on additional income:   3.895,511,1635.08.47176843 =×  

Net total earnings:                                     birr7.948,664,303.895,511,168.843,176,47 =−  

Results are summarized and presented in table 4.7  

 

 

Table 4.7 Overall Revenue per Ton of Cane  

 2-stage 3-stage 

product type Flow rate 

in (T) 

Rate /unit 

(eth. Birr) 

Total revenue 

(eth. Birr) 

Flow rate 

(T) 

Rate /unit 

(eth. Birr) 

Total 

revenue (eth. 

Birr) 

Sugar pre ton of 

cane (tons) 

0.1172 5000 586 0.1261 5000 630.5 

Ethanol per ton of 

cane (L)  

15.21 7.00 106.47 6.02 7.00 42.14 
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Total revenue / ton 

cane (birr) 

692.4 672.6 

planned annual 

production 

300,000tons 

Sugar % cane  12.61 

Annual cane to be 

processed 

2379064tons 

Gross sales 47,176,843.8birr 

Income tax (35%) 16,511,895.3birr 

Net earnings per 

annum 

30,664,947.7birr 
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5 Conclusions and Recommendations 

5.1 conclusions 

This study clearly indicates that there can be significant technical potential for maximum 

economic use of sugar cane source through selective use of modification of sugar 

crystallization system. The modification from three to two crystallization system brought 

about process operational simplifications and efficiency improvements besides enormous 

economic advantages. 

The fermentation results that evaluated the arrangements for the alcohol produced under 

variation in initial sugar concentrates and inoculums reveals that, the use of 12% initial 

sugar concentration in fermentation broth and 5 g/L yeast concentration found better than 

others.  The studied alternatives was found economically feasible under the conditions of 

new technological consideration to optimize both sugar and ethanol plants.  

5.2 Recommendations  

o Careful evaluation of the material balance and redesign sugar crystallization 

process.  

o Study on fermentation starting conditions to determination the initial sugar and 

yeast concentrations 

o Detailed study on energy and sugar crystallization equipments capacity  

utilizations to maximize economic return from cane source. 

o Further study on  

o Determination of mineral composition of molasses that have direct effect 

on fermentation process  

o Biomass yield of the fermented mash for its further utilization. 
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Appendices 

Appendix –A:   Procedure for the Determination of Brix and Pol of Masscuites and           

                          Molasses (Adapted from LMMSF, 1991) 

      Procedure for Determination of Brix in Syrup  

a. Weight out 100.0g of syrup in a 1L beaker. Bring to 500.og by adding distilled 

water.  Stir until syrup completely dissolved.  

b. To 150mL juice in a 250mL Erlenmeyer flask, add 2g filter aid. Mix well. 

c. Filter (see Notes below) through a fluted what man No .91 filter paper, covering 

the funnel with a watch glass to minimize evaporation. 
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d. Reject the first 20mL of filtrate. Collect sufficient filtrate(about 100mL) in a 

150mL beaker for determination of refractometric Brix at as close to 20
o
C as 

possible.  

e. Note the temperature of the juice to + 0.1
o
C  

f. Convert the instrument reading to Brix at 20
o
C.  

g. Multiply the Brix results of the diluted solution by 5 to obtain Brix of the syrup. 

  Determination of Brix in massecuites, molasses and low grade sugars.  

a. Weigh out 100.0g of well-mixed sample in a 1L beaker. Bring to 600.0g by 

adding distilled water. Stir unit completely dissolved.  

b. To 150mL juice in a 250mL Erlenmeyer flask, add 2g filter aid. Mix well. 

c. Filter (see Notes below) through a fluted what man No .91 filter paper, covering   

the funnel with a watch glass to minimize evaporation. 

d. Reject the first 20mL of filtrate. Collect sufficient filtrate(about 100mL) in a 

150mL beaker for determination of refractometric Brix at as close to 20
o
C as 

possible.  

e. Note the temperature of the juice to + 0.1
o
C  

f. Convert the instrument reading to Brix at 20
o
C.  

g. Multiply the Brix results of the diluted solution by 6 to obtain Brix of the sample. 

      Procedure for Determination of pol in syrup  

The pol of a sugar solution is the resultant optical rotation of sucrose and other optically 

active substances, mostly glucose and fructose. A sugar solution has to be clarified before 

its pol is determined. Horn’s dry basic lead acetate used must be minimal: any excess will 

precipitate some of the fructose out of the solution, resulting in an increase in 

dextrorotation or a higher polarization, and will also affect the polarization of sucrose.   

 The pol of syrup is determined on the diluted solution (1:5 w/w) used for Brix. Clarify 

the solution with the minimum quantity of Horne’s dry basic lead. Polarize the filtrate 
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without delay, at as close to 20
o
C as possible, in a 200mm tube, using the 26g/100mL 

standard weight changes over switch.  

Calculation   

 The pol % syrup is obtained by multiplying the saccharimeter reading by the  pol factor, 

which is obtained from Table  9 using the refractometer Brix of the diluted sample            

Corrected to 20
o
C.  

Procedure for Determination of pol in A and B massecuites, magma and A & B 

runnings. 

 The method is as for syrup except that a 1:6 w/w solution is employed in place of the 1:5      

w/w solutions, and the multiplication factor is 6. The minimum quantity of Horne’s basic 

lead acetate required is about 1g/100mL solution. 

 Determination of pol in C-massecuites and final molasses  

 The method is as for syrup except that a 1:10 s/v solution is employed in place of the                

1:5 w/w diluted syrup solution. The 1:6 w/w molasses solution prepared for Brix 

determination is too dark for direct polarization. The 1:10 w/v solution required can be 

prepared by weighing 300g of the 1:6 w/w solution and making up to the mark in a 

500mL volumetric flask. The minimum quantity of Horne’s dry basic lead acetate 

required is about 4g/100mL solution. The solution should be well mixed and set aside for 

at least one hour to obtain   a clear filtrate. Filter after, adding dry kieselguhr as filter aid 

and polarize as that of syrup. 

    Calculation 

           Pol % molasses     = saccharimeter reading x 26 x 10  

                                                             100 

 

 

Appendix –B: Total Plate Count by the Most Probable Number (MPN) Method  
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5 mL of a mixture prepared from about 10 gm molasses (solid base) sample and 180 mL 

sterile saline solution (0.85% NaCl) was transferred to a test tube labeled as 10
-1

. 0.5 mL 

solution of the test tube labeled as 10
-1

 was transferred to a test tube containing 4.5 mL 

sterile solution and labeled as 10
-2

. Again 0.5 mL solution of the test tube labeled as 10
-2

 

was transferred to a test tube containing 4.5 mL sterile saline solution and labeled as 10
-3

 

and this kind of serial dilution was repeated from one to next till the last tube labeled as 

10
-6 

(Dilution 10
6
) (Gunasekaran, 1995). 

1mL of the diluted samples was then transferred to each nutrient agar plate labeled as 10
-

1
, 10

-2
, and 10

-3
, 10

-4
, 10

-5
, 10

-6
 from the corresponding test tubes. The plates were rotated 

by hand at least 5 times in the clockwise direction and 5 times in anticlockwise direction. 

Finally several times crosswise rotation was made for equal distribution of the media.  

After spreading the samples on the agar plates using L-rod, the plates were inverted and 

placed in incubator at 37
o
c for 48 hours (Gunasekaran, 1995). By selecting the plates 

containing number of colonies between 30-300 per plate, the number of cells was 

calculated using the formula: 

For tube 1 (10
-1

) 

No. of cells/ml=No. of colonies x 10
1
 x 10 

 For tube 2 (10
-2

) 

No. of cells/ml=No. of colonies x 10
2
 x 10 

For tube 3 (10
-3

) 

No. of cells/ml=No. of colonies x 10
3
 x 10 

Where: 10
1
, 10

2
, and 10

3
 are dilution factors for the corresponding tubes. 
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           : 10 indicates that the sample volume is 0.1 mL.  

Appendix –C: Sugar Crystallization Stages Material Balance Details 

In general three massecuite boiling scheme is widely used in a sugar factory. It is based 

on the syrup purity which is a basic material for pan boiling. When Syrup purity is 

assumed in the range of 80 to 85, the final molasses purity is obtained in the range of 30 

to 34. When syrup is higher than 85; either “A” molasses feed into “A” massecuit boiling 

or “B” molasses feed into “B” massecuite boiling. The second alternative is generally 

selected. As “A” massecuite may produce slightly inferior quality of sugar (karmarkar 

V.S., 2000)  

Solid Balance  

In order to achieve maximum extraction of sugar from the basic material syrup, 

generally. Three Boiling System is adopted. The proportion of massecuite in this system 

is as given below.  

In order to calculated solid balance on the basis of soluble solids content, the following 

assumption are taken into consideration.  

o  Assume the proportion of solids in clear juice as 13.89 % cane and the 

same will remain in syrup and in massecuite. 

o  Assume the proportion of solids in syrup as 100% 

o Purities of the intermediate products analyzed in the course process 

simulation were used. 

       Boiling Scheme for three stage 

            Use the materials as under for different massecuits  

o “A” sugar as final product “B”  Sugar as seed and melt for “A” boiling 

o “C” After sugar as melt for “A” boiling  
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o “A” molasses for “B” boiling only 

o “B” molasses for “C” boiling. The graining is done using molasses 

o  final molasses (mF) obtained from “C” boiling  to distillery 

     Boiling Scheme for two stage 

o “A” sugar as final product  

o “B”  Sugar as seed and melt for “A” boiling 

o  “A” molasses for “B” boiling and calculated portion as back feed to “A” 

masscuite 

o Intermediate molasses (mB) obtained from “B” boiling  to distillery 

Calculations (Based on solids content) 

The calculations were made according to Hugot E. (1986)” method based on analytical 

results obtained in the course simulation that were at syrup purity of 85, from which the 

sugar of 100 purity and the molasses of 36 purity in case of three stage and 50 for two 

stages were produces.  

                 

 Notations Used in the Material Balance 

Qs,    weight of sugar 

Qe,    weight of molasses  

Qm,   weight of syrup 

Bs,    solid (brix) of sugar 
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Bm    solid (brix) of molasses 

 Be    solid (brix) of syrup 

Ps,    purity of sugar,  

Pm    purity of molasses  

Pe      purity of syrup 

General formula for calculations  

  BeQe  =    ssmm BQBQ +    eq.. 1                         

)]()[( QsBsPsQmBmPmQeBePe +=   eq.. 2  

            

)(

)(

es

ms

m

s

PP

PP

Q −

−
=

Q
                                        eq .3 
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Table 7.1 Sugar Crystallization Stages Material Balance Detail Results 

total balance for three stage  

 

Two stage 3 stage 2 stage 

Notations Three stage   

Pm purity syrup 85   85     

Pe purity molasses 36   50     

Ps purity sugar 99.5   99.5     

Wm weight of syrup 100   100     

We weight of molasses 22.8   29.3 3.73 4.79 

Ws weight of sugar 77.2   70.7     

      

Pc-m/c purity of C-m/c 60     3 stage 2 stage 

pe purity of molasses 36         

Pc-s purity of sugar from C-m/c 95         

We Weight of mol. from C-m/c 22.8         

Wc-m/c weight of  C-m/c 38.5     5.6   

Wc-s weight of C-sugar 15.7         

  B-m/c balance       

PB-m/c purity of B-m/c 75.0 25.0 75     

pBe purity of B- molasses 50   50     

PB-s purity of sugar from B-m/c 95   95     

WBe weight of mol. FromB-m/c 38.5   29.3   

WBm/c weight of  B-m/c 86.6   65.9 12.8 9.6 

WBs weight of B-sugar 48.1   36.6     

wmB weight of syrup to B m/c           

  A-m/c balance       

PA-m/c purity of A-m/c 87.0   86.0     

pAe purity of A- molasses 72 15.0 75     

PA-s purity of sugar from A-m/c 99.5   99.5     

WAe Weight of mol. From A-m/c 89.3   70.7     

WAm/c weight of  A-m/c 163.8   157.5 24.9 24.0 

WAs weight of A-sugar 74.4   86.8   

WA-mol weight of A-mol to A-m/c     20.9   

  3 stage  2 stage 

Total m/c % cane  43.2  33.7 
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