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ABSTRACT 

research work was based on the production of ethanol from sugarcane bagasse. The three 

process embarked on in the production includes hydrolysis, fermentation, and distillation. 

stage acid hydrolysis using sulphuric acid against 183g of biomass (bagasse) produced 

giL of sugar (xylose). The sugar produced was then fed into a fermentor and , allowed to 

for three days at room temperature and the pH was maintained at about 4.5. Ethanol 

ld recovered was about 44.05%. After the distillation process, the fmal ethanol concentration 

found to be 90.3%. Ethanol analysis shows a close relation with the standard values. 

iscosity obtained was 3.4cP, specific gravity was 0.79g1L and refractive index obtained was 

329. The possibility for agro-based residue (bagasse) to be used for fuel production has proven 

be viable and would serve as an alternative for gasoline. 
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CHAPTER ONE 

1.0 INTRODUCTION 
Since the 20" century, our moJor energy demand has been supplied by fossil fuels such 

as oil, coal and nalural gas. Fossil fuel originates from deceased organisms that lived several 

million years ago and by time have been embedded in the earth's crust. Incineration of this 

fossil remains result in a net-increase oftoday's carbon dioxide level (Chandel et ai, 2(06). 

Environmental issues such as the \hreIllening increase in temperature caused by the 

greenhoUse effect and the fact that fossil fuels are non-renewable resources, has increased the 

interest in producing fuels from renewable resources e.g. biomass (biomass includes the full 

range of plant and plant derived materials which consist of cellulose, hemicell
uloses 

and 

lignin) Hayne et al~ 1993. 
Ethanol as well as other bioruels produced from plant biomass is an alternative to fossil 

fuels. Ethanol does not add to a net C02 atmospheric increase~ thus there is in theory no 

contribution to global warming (Lin and Tanaka, 2006). Combustion of ethanol results in 

relatively low emissions of volatile organic compounds, carbon monoxide and nitrogen oxide. 

Today, the production cost of ethanol from lignocelluloses is still too high, which is the major 

reason why it has not made its breakthrough yet. When produCing ethanol from sugarcane~ the 

raw material constitutes about 40-70% of the production cost. By usi~g cheaper waste 

production like sugarcane bagasse, the cost may be lowered. Sugarcane bagasse is • complex 

material which is a by-product of the sugarcane indu.stry. Due to its abundant availability~ it 
can serve as an ideal substrate for microbial processes for the production of value added 

product (Dominguez et al~ 1996). 

In Brazil, more than 60,000,000 tons of bagasse containing 50% moisture can be 

produced annually during the ethanol production season (Orlando Filho et ai, 1994; Molina 

Junior et al~ 1995). This waste has been used as a raw material to produce hydroxymethyl, 

furfural, paper pulp, acoustic boards, pressed woods and agricultural mulch (Dominguez et al, 

1996). About 70% of the dry mass in lignocelluloses biomass consists of cellulose and 

hemicellulos
es

. If these two carbohydrates were utilized in an efficient hydrolysis process, the 

I 



hemicellulos
es 

would be complelely hydrolyzed 10 D-xylose (50-70% w/w) and L-ambinose 

(5-I 5%w/W), and Ihe cellulose would be converted 10 glucose (Ladish 1989; Cao elal, 1995). 

Sugarcane bagasse can be hydrolyzed using dilule acid 10 obtain a mixllttl' of sugar with xylose 

os Ibe major componenl. However, in Ibe hydrolysale some by-prod
uCIS 

generated in the 

hydrolysis, such as acelic acid, furfural, phenoliC compounds can be present These are 

potential inhibitors of a microbiological ulilizalion of Ihis hydrolyzale (Dominguez el ai, 

processes such as two-stage acid hydrolysis can be employed 10 produce xylose and glucose 

(Beck 1986). Treatmenl with dilute sulphuric acid al moderate lemperatures (thefirsl stage of 

acid hydrolysis) has proven 10 be an efficienl means of producing xylose from hemicelluloses 

(Robet;to el aI 2994; silva 1996). In the second stage more drastic reaction conditions are 

employed and glucose can be produced from cellulose hydrolysis (Gregg and Saddler 1995). 

1996). 

In general, acid treatmenl is effective in solubilizing the hemicellulosic componenl of the 

biomass. proper combinalions of pH, lemperature and reaclion time can resull in high yields of 

sugar, primarily xylose from hemicelluloses. 

1.1 AIMS AND OBJECTIVES 

~ Utilization of agro-residual (sugarcane bagasse) for ethanol fuel production. 

~ netennination of the properties of ethanol fuel thai makes il suitable allemative to fossil 

fuel. 

~ To compare the quality of ethanol fuel with that of fossil fuel. 

1.2 SCOPE 
This projecl work enlails the produclion of ethanol fuel from sugarcane bagasse and the 

determination of the properties that makes it a viable alternative to fossil fuel. 

1.3 JUSTIFICATION 

fu:gearCh on the utili711tion of ethanol fuel from biomass materials will serve 10 provide 

infoonation on the production on the production process of ethanol as alternative source of 

energy to the conventional fossil fuel. 

Bagasse a waste obtained after sugar has been extracled from sugarcane undergoes three major 

production processes viz; hydrolysis, fenoentation and distillation. The cosl of production 
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involving tl\ese processes is relatively cheap compare 10 the cosl of other material like com, 

sorghum, cassava etc. Analysis on the cost of economics of ethanol production from bagasse , 

using saccharomyces eerevisae as yeasl suggested pre.concentrating the sucrose obtBined after 

hydrolysis of bagasse is economically in getting high elhanol concentralion in fenoented broth. 

Membrane distillation process has the lowest operational cost, is llexible, simple to use and is 

easy to maintain. 
There are greal opportunities thai can be exploited from this research work because it will help 

to highlight economic ways in which an alternative to fossil fuel (gasoline) can be produced 

economically in small scale even at home if necessary equipment is available. 
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2.0 LITERATURE REVIEW 

2.1 SUGARCANE 

CHAPTER TWO 

2.1.1 NOMENCLATURE AND DESCRIP1'ION 

The sugarcane plant is known botanicolly as .accharum offlcinarum. 11 is a member of the 

grass family. The root system is fibrous and relatively shollow lying. The plant produces tillers 

(branch stems) which arise close to the ground level; thus in a well established plant. 

severol major erect stems can be seen. Generally, there are two types of sugarcane which 

inclode the thick cane (this has thick stems and a large quantity of juice) and the thin cane 

(this is thinner, harder and has less juice) (Onwueme, 1993). 

Sugarcane supplies more of the world's sugar than 011 other crops combined. It may be 

consume directly as household sugar, may be used in sweets, confectionery and syrups, or may 

be fermented to produce alcohol for various uses. (Skerman, 1990). 

Sugar obtained from sugarcane contains about 15-20% sucrose which is processed for the 

production of ethanol by fermentation. For the purpose of this project,sugarcan
e 

bagasse is of 

special interest as it is the feedstock for bioethanol production process. 

2.2 SUGARCANE BAGASSE 

2.2.1 HISTORICAL PERSPECTIVE 

Bagasse is a biomass remained after sugarcane stalks are crushed to extract the juice. Most 

crushing (Nguyen and Saddler, 
sugar factory produces 30% of bagasse out of its total 

1991). 
In the very early days of sugar mannfacture (18

th 
centnary), the cane was passed through a 

single mill, and.the defecation and concentration of the saccharine juice took place in a series 

of vessels mounted over a common flue with a fire at one end, and a stack at the other (Jamaica 

train method). This method required qn enonnous amount of fuel, and.it was frequently 

necessary to sacrifice the degree of extraction to obtain the required amount of bagasse tban 

could be burned as fuel. In addition, the amount of labour involved in spreading and collecting 

was great (Yu and Zhang, 2004; Moiser et ai, 2006). 
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2.2.2 COMPOSITION OF BAGASSE 

Bagasse consists of lignocdluloses, insoluble inorganic matter (ash), water soluble material 

(brix) and water. The lignocelluloses comprises of cellulose, hemicelluloses and lignin. 

The cellulose is a linear crystalline homopolymer with a repeat unit of glucose strung together 

by beta· glucosidic bond. 

The hemicelluloses consist of short,linear and highly bnmched chain of sugars. It is a 

heteropolymer of D.xylose, D·glucose, D·galactose, D·mannose and L·arabinose (Saba et aI, 

2003). 

2.3 PROCESSING SUGARCANE BAGASSE 

Bagasse undergoes the following processes for the production of ethanol fuel viz; 

Hydrolysis 

Fermentation 

Distillation 

I LIGNOCELLULOSIC FEEOSTRUCK 

I 

LIGNOCELLUL CELLULOSIC 
OSIC 
FFFn~Tn(,K 

FRACTION 

1 1 1 
PENTOSE SUGARS ENZYMATIC ENZYMATIC 

SACCARIFICA TION SACCARIFICA TION 

1 ~ 
DETOXIFICATION HEXOSE SUGAR 

MIXTURE OF 
HEXOSE + PENTOSE 
SUGAR 

FERMENTA nON 
FERMENTATION 

RECOVERY OF 
ETHANOL ... 

Fig 1: Dilute acid hydrolysis(first stage and two stage) 
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2.3.1 HYDROLYSIS OF BAGASSE 

Hydrolysis is a chemical reaction that releases sugar which is normally linked together in 

complex chains (Keller et al, 2003). In early biomass conversion processes, ,acids were used to 

accomplish this. Recent research has focused on enzyme catalysts called "cellulose" that can 

attack these chains more efficiently leading to very high yields of fermentable sugars (Kim et 

al,2003). 

There two types of methods of hydrolysis viz; 

)- Acid ( dilute and concentrated) hydrolysis 

Enzymatic hydrolysis 

2.3.1a FIRST STAGE DILUTE ACID HYROL YSIS 

The lignocellulosic material is first contacted with dilute sulfuric acid (0.75%) and heated to 

approximately 50°c followed by transferring to the first stage acid impregnator where the 

temperature is raised to 190 0 c. Aaproximately 80% of the hemicelluloses and 29% of the 

cellulose are hydrolyzed in the first reactor. The hydrolysate is further incubated at a lower 

temperature for a residence time of 2hours to hydrolyze most of the oligosaccharides into 

monosacharides followed by the separation of solid and liquid fraction. The solid material 

again washed with plentiful of water to maximize sugar recovery. (Sanchez et al; 2004) 

2.3.1b TWO STAGE DILUTE ACID HYDROLYSIS 

In the two stage dilute hydrolysis process, first biomass is treated with dilute acid at relatively 

mild conditions during which the hemicellulose fraction is hydrolyzed and the second stage is 

normally carried out at higher temperature for development of cellulose to glucose. The liquid 

phase containing the monomeric sugar is removed between the treatments, thereby avoiding 

degradation of monosacharides formed. (Sanchez et al: 2004) 

.2.3.1.2 CONCENTRATED ACID HYDROLYSIS 

This method uses concentrated sulfuric acid followed by a dilution with water to dissolveand. 

hydrolyses the substrate into sugar constituents. This process provides c6mplete and rapid 

conversion of cellulose to glucose and hemiceUuloses to xylose with a little degradation. The 

concentrated acid process uses 70% sulfuric acid at 40-50oc for two to four hours. In a reactor, 
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the low temperature and pressure leads to minimizing the sugar degradation. The hydrolyzed 

material is then washed to recover the sugar. (lranmahboob et al: 2002) 

In the next step, the cellulose fraction has to be depolimerised. 'The solid residue from first 

stage is De-watered and soaked in 30 - 40% sulfuric acid for 50minuites at 100°c for further 

cellulose hydrolysis. The resulting slurry mixture is pressed to obtain second acid -sugar 

stream (approximately 18 % sugar and 30 %b acid). Both the sugar steam from two hydolysis 

steps is combined and may be used for subsequent ethanol production. (lranmahboob et al: 

2002) performed the concentrated acid hydrolysis of mixed wood chips found that maximum 

sugar recovery (28-78%of theoretical yields )was achieved at sulfuric acid concentration 

(26%)for two hours of residential time. 

The primary advantage of the concentrated acid process is the potentials of high sugar recovery 

efficiency of about 90% of both hemicelluloses and cellulose fraction get depolarized into their 

monomeric fractions. The acid and sugar syrup are separated via ion exchange and then acid is 

re-concentrated through multiple effect evaporation. The remaining lignin rich solid are 

collected and optionally palletized for fuel production. 

2.3.1.3 ENZYMATIC HYDROLYSIS 

The acid, alkaline or fungal pretreated Iignocellulosics can be sacharified enzymatically to get 

fermented sugar (Ghose and Bisaria, 1979; Kuhad et al; 1997; ltoh et al 2003; Tuker et al; 

2003). Bacteria and fungi are good source of cellulose, hemicellulase that could be used for 

hydrolysis of pretreated lignocelluloses. The enzymatic cock tails are usually mixture of 

several hydrolytic enzymes comprising of cellulose, hemicellulase and mannasews. 

In the last decades, new cellulose and hemicellulases from bacterial and fungal sources have 

. continued benisolated and regular efforts has been made for improved production of enzymatic 

titres. (Aro, et aI., 2005; foreman, et al., 2003). 

2.3.2 A CASE STUDY OF HYDROLYSIS OF HEMICELLULOSE FROM BAGASSE. 

Sugar cane bagasses were obtained from Usina Nova America S/A (Taruma /sp Brazil). It was 

weighed, introduced into a 25m} laboratory reactor and indirectly heated with saturated steam 

to 140, 150, and 160°c for 10-20minuites. The final concentration of sulfuric acid in the 

hydrolysis suspension was 70 and 100mSacidl'Sdm and the solid liquid ratio were 1: 1 O. The steam 
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value was closed and the reactor was kept completely closed until cooled to room 

temperatures. Next the reactor was opened and the material inside was weighed. Three of the 

best conditions used for hydrolysis in the laboratory reactor (l40'c for IOminuites with 

100m!lo<,.vIldm, 1400c for 20 minutes with 10Omgooi.vgdm and 150°c for 20tninuites with 

7Omg.,..vI!dm) were also used for hydrolysis in a 251 semi pilot reactor utilizing 100000f 

bagasse 

2.3.3 SUGAR AND LIGNINDETERMINATION. 

Fenn~ntahle reducing sugars (FRS) and non fennentahle reducing sugan; (NRS) were 

determined by the method of Seaman et al 1945). Total carbohydrate content in the bagasse 

were evaluated after hydrolysis with 70% sulphuric acid using Duuings methnd (1949).FRS 

and NRS were closely related to the content of cellulose and hemicellulose respectively. 

Hemicellulos
es 

recovery in water extract was measured by determining the content of NRS 

before and after hydrolysis with 4% H2S04 (121°C for 15 minutes). The objective of this acid 

hydrolysis was to convert the oligosaccharides to monosacharies. The lignin was 

gravimetrically estimated from the insoluble residue by Moores methods (1967) 

2.3.4 HEMICELLULOSE HYDROLYZATE CHARACTERIZATION 

Total reducing sugars (TRS) were determined as glucose using the nelson method (1944) 

.Glucose, Xylose and acetic acid concentration were determined by HPLC (an HPX-87H Bio 

Rad column with a RI16X detector ). Aliquots 'of 20J.lI were analyzed as 45°c with O.01N 

sulfuric acid as the eluent (flow rate of O.6ml min'I). Furfural hydroxymethy furfural were 

analyzed by HPLC (20J.lL of sample injected) under the following condition an RP18HP 

column an acetic acid: acetonitrile: water solution (1: 10:80 volume ratio) as the eluent with 

flow rate ofO.8ml min'l, a temperature of 25°c and a uv detector. 

HPLC- (High pressure liquid chromatography) 
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2.3.5 TABLE SHOWING XYLOSE RECOVERED (%) AFTER SUGARCANE BAGASSE 

. AClD HYDROLYSIS Recovered 

Hydrolysis conditions 

Temp (oc) Time (min) Acid concentration (mg acid/g
drn

) 

xylose(%) 

74.0 

140 10 100 
83.3 

140 20 100 
72.2 

150 20 70 

Adapted from (Dominquez, et ai., 1996) 

2.3.6 TABLE SHOWING PARTIAL COMPOSITION OF BAGASSE "IN NATURA" (% 

w/W of the dry matter) 

COMPOSITlON 

TRS 

Xylose 

Glucose 

NRS 

Ligrun 

ASG 

Moisture 

TRS- Total Reducing sugars 

FRS-.Fennentable reducing sugars 

NRS- Non fennentable reducing sugars 

% W /W of wet mater 

%(W/W) 

70.9 

25.2 

41.0 

26.3 

23.0 

1.1 

47.8 

9 
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2.3.7 TABLE SHOWING CHEMICAL COMPOSI~ON OF ACID HYDROL yXATE. 

%( W/W) 
CONSTITUENTS 

Xylose 

Glucose 

Acetic acid 

TRS 

Hy~ox~eili~ftrrfirr~ 

Furfural 

Adapted from (Roberto et ~., 1994). 

18.5 

S.1 

3.7 

27.7 

0.08 

2.0 

2.4 FERMENTATION 
Fermentation is mainly the breakdown of glucose into smaller molecnles with the yield of 

ethanol and CO, as by-product using yeast The chemical formula for fermentation is given as 

HzCOH 

H \'" 
0 H 

0 OH 

\ ,<' 

\ OH H 
~ OH 

OH 

I + 

.', \.- .. OH + Yeast -+ C-O -+ ~Hz 
2COz 

: CH, CH, 
H OH 

Pyruvate Ethanol 

Glucose 

Fermentation can be performed as batch, continuous and fed batch. The choice of most suitable 

process will depend upon the kinetic energy of the microorganismand type of Iignocellulosic 

hy~olysate in addition to process economic aspects (Towolla, et al., 1984). 

2.4.1a BATCH FERMENTATION 

. In batch fennentation, substrates and yeast culture are charged into bioreacto
r 

together with 

nutrients. Most of ilie eilianol produced today are done by batch since the investment cost are 

low, donot require much control and can be establish with unskilled labor. Complete 

sterilization and management of feed stocks are easier than in oilier processes. It has greater 

flexibility that can be achieved by using a bioreaclor for various product specifications. 

(Olsson and Hagerdal, 1996). 

10 



1.4.1b CONTINOUS FERMENTATION 
It can be performed in different kinds of bioreactor-stirred tank reactots (single or series) or 

plug' fiow reactors. ContinuOUS fennenlation often gives a bigb productivity than batch 

fermentation, but at loW dilution rates whicb offers lbe highest productivities. (Alexander " al., 

1989). Studied the effect of shift in temperature and aeration in steady state continuoUS culture 

of C.Shehatae to determine lbe effect of ethanol exerted a delayed inhibitory effect on the 

specific rate of substrate utilization. The continUOus process eliminate mucb of lbe 

UIlpruducti
ve 

time associated wilb clearings, recharging, adjustment of media and sterilization. 

(Alexander et at, 1989) 

1.4.lc FED BATCH FERMENTATION 
, 

It is also regarded as a combination of batch and continuous operation and very popu\1lr in lbe 

ethanol industry. In lbis operation the feed solulion, which contains substrate, yeast culture and 

lbe required minerals and vitaminS are fed at constant interVals while ef\\uent is removed 

discontinuously (Schugeri, 2987; Taherzadah, 1999). 

2.4.2 FERMENTATION PROCESSES. 
Ethanol production from Sugar is possible by using free or immobilized cells. Microorganism 

should be properly selected to provide the best possible combination of characteristics for the 

process and equipment used (Kohli, 1980). High volumetric productivities can also be 

obtaining with the combination of high cell concentration and high fiow rates. 

The process includes 
Microorganism selection 

Medium preparation 

1.4.3 MICROORGANISM SELECTION 
Saccharomyces cerevisi"" remains lbe most exploited microorganism knOwn to industries and 

is still the primary microorganism used for the production of virtuai1y all portable and 

industrial ethanol (Un and Tanaka, 2006). 
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2.4.4 MEDIUM 

A litre of production medium should be prepared according to the requirements of 

saccharomyces cerevisiae c~mtaining about 22% sucrose, 0.3% dry yeast extract, 0.5% 

peptone, 0.15% (NH4)2 and 0.3% MgS04 in tap water (M.K.Hamdy; K.Kim, 1990). 

2.4.5 FERMENTATION WITH FREE CELL 

About 400ml fermentation medium should be inoculated with SOml inoculums and the PH 

adjusted to about 5.0. It should be carried out in a rotary shaker at 200rpm and 2SoC. The 

weight decrease should be .measured every 2 hours in order to determine the amount of ethanol. 

Fermentation should be terminated after 96hours (R.W. Silman, 1992) 

2.4.6 ETHANOL DETERMINATION 

The amount of ethanol can be determined in two ways. 

Measuring the weight decreases of the system at intervals 

Using pycnometer method 

2.4,6a MEASURING WEIGHT DECREASES. 
, 

According to the equation below, Imole of glucose produce two moles of C0 2 which escapes 

from the reactor. The phenomenon is reflected as a weight decrease, which can be correlated to 

the amount of ethanol produced 

1 2 2 

In terms of weight, every grams of glucose can theoritecally yield' 0.51 g of ethanol. It is 

assumed that 50% of glucose was used to produce ethanol and 50% of it to produce C0 2; thus 

there is a weight decrease due to the amount of C02 removed from the, system and the amount 

of eethanol produced. 

2.4.6b USING PYCNOMETER METHOD 

A clean and dry pycnometer (SOmt) was weighed (W). it was then filled with water up to a 

level predetermined for each pycnometer. Subsequently each was placed in a waterv bath at 

20°C for 20 -30 min. at the end of this period the wate~ above the py((ometer was removed with 

blotting paper and weighed (W water). This constant value was proportionalm to the volume of 
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the pycnometer. For etllanol detennination, a 50ml sample was put into the distillation balloon. 

The pycnometer was rinsed with 25m1m of pure water and was added to thw distillation 

balloon. After that, the balooon was connected to the distillltion unit The sample is distilled 

until alcohol is obtained up to just under the level of pycnometer. The pycnometer is filled with 

distill water up to level at 20°C. then it is dried and weighed (Wsample). The equation is used to 

find the density of the sample . 

. itt'samvle-tn d( Ii) =. , , 
9 (IVwClter-' _ TV) 

2.4.7 DETERMINATION OF ~FFICIENCY, YIELD AND PRODUCTIVITY. 

The efficiency, yield and volumetric productivities can be determined using the equations 

Efficjency (%) (gr'am et/uHlol pr'odllced) X100 

(gr-am sun'ose llsed)(O.51) 

(gr-am eth~1!ol pr'oduced) 
Yield (%) = , XIOO 

I.g~·am St~C1'ose used) 

d 
.Q / , EtJlmlO1 fO'r-me 1'''-//) 

Volumetric productivity Folurue of t'eactor' U) 

2.4.8 The table below shows values of production processes in which microorganisms were 

used in free form. 

Batch Continuous Fed- batch 

Fermentation time (i 96 262 240 

Reactor Volume (l) 0.3 0.3 0.3 

Initial suI 220 220 100 

Added suI 480 540 

concentration (9/1) 

Removed suI 
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concentration ("'/!) 

Final suI 26.59 164.48 22.71 
concentration (,!;' /,) .. 

Final E 96.71 267.76 314.06 
concentration (&/{) 

Efficiency (%) 86.19 75 96.22 

Yield (q·o) 43.96 38.25 49.07 

Volumetric produ 1.01 1.022 1.309 
,. i../h ~.) 
, I, . 

Amount of AJcohol(' 8.76 7.68 9.88 

2.5 DISTILLATION' 

DistillaUon involves the separation of a liquid from other liquids or solids. Because each 

substance has a fixed mte ofvapouraUon (which varies with heat) determined by the pressure, 

the vapolrrs develop in a closed container to achieve equilibriwn with fluid. One liquid can be 

separated from other matter by carefully controlling the heat applied to the mixture. 

Alcohol's vapour pressure hilppens to be higher than water's, SO ethanol's vapour pressure 

reaches an equilibrium with atmospheric pressure (the point at which a liquid boils) before 

water's vapour pressure does. But when water and alcohol are mixed, the boiling points of the 

separate constituents (water wiU boil at 100°C; alcohol boils at 78.3
0
C). 

It is the rate of the water to alcohol which determines the actual temperature of boiling for the 

mixture. More alcohol lowers the boiling point and less raises it. This make the tempemture of 

mash to raise throughout the distiUation run as the alcohol is drawn off. 

There are different methods of distillation which includes 

Simple pot distillation 

Distillation by solar energy 
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Distillation by differential solubility 

Extractive distillation. 

Solubility, by differential miscibility and by extractive. distillation. 

2.5.1 DISTILLATION VIA DIFFERENTIAL SOLUBILITY 

Sulphur would be used to separate ethanol from water. It is mixed with the ethanol/water. The 

ethanol/water/sulphur mixture would be placed fn a retort, where it could be heated and 

pressurized to a temperature above the critical temperature and pressure of ethanol [243°C and 

63atm ::::: (6.4Mpa) respectively] but below the critical temperature and pressure of water 

[374.1 °C and 218.3atm (22.12Mpa), respectively]. The mixture would be retorted at a 

temperature slightly above 243°C and at a pressure slightly above 63atm (6.4Mpa), putting the 

ethanol in the superficial state, on which it should easily dissolve all three form of sulphur 

(including the form which is insoluble at ambient temperature and pressure). The water on the 

other hand would still be well below its critical state and still should not dissolve sulphur. The 

SUlphur/ethanol mixture would settle to the bottom of the retort, which it could be piepled away 

under pressure and at high temperature. The sulphur/ethanol mixture would then be expanded 

to a lower temperature and pressure at which not as much sulphur could be dissolved in the 

ethanol and at which ethanol would partially separated from the mixture. 

Further heating of the remaining mixture at a pressure of 1 atm (0.1 Mpa) would separate most 

of the remaining ethanol and sulphur. 

2.6 BIOETHANOL 

2.6.1 HISTORY O.~ BIOETHANOL 

In 1925, Henry Ford had quoted ethyl alcohol (ethanol), as the fuel of the future. "He further 

stated that the fuel of the future is going to come from apples, weeds, sawdust-almost anything. 

There is fuel in every bit of vegetable matter that can be fermented".Today Henry Ford's 

futuristic vision significance can be easily understood. (Wyman, 1999: Lynd, 2004). 
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It is welcome to understand that the use of bioethanol as a source of energy would be more 

than just complementary for solar, wind, and other intermittent renewable energy sources in the 

long run (Yu and Zhang 2004). In the past, fossil fuel was considered more important because 

it was available and the vehicles then were designed to suit the petroleum fuel. Environmental 

considerations, energy and tax policies was limitating against the full extent of ethanol 

utilization (Moiser et aI, 2006). 

During the world ethanol production in 2004, it was estimated to produce 40giga liters which 

gave a higher yield than fossil fuel. This made companies like the U.8 Department of Energy 

(DOE) to organize the bioethanol programme as a possible alternative to fossil fuel (Warren 

Gretz, 1990). Other countries like Brazil, India, and Australia to join in the programme using 

different sources as the feedstock for production. 

Ethanol was discovered to have a much higher octane rating (116AK1, 129 RON) than 

ordinary gasoline (86/87AKl, 91192 RON), allowing higher compression ratio and different 

spark timing for improved performance. A study conducted by Hu et al (2004) revealed that 

the E-85 fueled vehicle is better than the gasoline fueled car by balancing of all the 3E"s in 

terms of the energy, environmental and economic aspects. (Fleming et al, 2006). 

2.6.2 CURRENT RESEARCH ON BIOETHANOL 

~esent research is on the development of genetically engineered microorganism that will 

ferment all possible sugars in biomass to ethanol at high productivity. Dr Lonnie Ingram at the 

University of Florida started an E.coli bacterium capable of metabolizing mUltiple sugars. 

Other bacterium like Zymomonas when cultured properly is capable of yielding sugars for 

producing ethanol (Min Zhang, 2002; Mike Himmel, 2004) . 

. 2.6.3 APPLICATION 

The benefits of using ethanol fuel as an alternative for petrol fuel are enormous and are 

currently in use in some parts of the world. While it is worthy to note that ethanol fuel may not 

completely replace fossil fuel, it has its place both as an alternative to gasoline fuel and also 

as a blend with petrol. Its higher octane number compare to gasoline fuel is an advantage and 

can contribute to higher compression ratio and different spark timing for improved 

performance. 
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2.7 ENVIRONMENTAL ISSUES 

2.7.1 ETHANOL AND THE ENVIRONMENT 

Ethanol represents closed carbon dioxide cycle because after burning of ethanol, the released 

carbon d~oxide is recycled back into plant material because plants use CO2 to synthesize 

cellulose during photosynthesis cycle (Wyman, 1999; Chandel et al 2006).Ethanol 

production process only uses energy from renewable energy sources; no net carbon dioxide is 

added to the atmosphere, making ethanol an environmentally beneficial energy source. 

As energy demand increases, the global supply of fossil fuels cause harm to human health and 

contributes to the green house gas (GHG) emission. Hahn-Hagerdal (2006) alarmed to the 

society by seeing the security of oil supply and the negative impact of the fossil fuel on the 

environment, particularly on GHG emissions. The reduction of GHG pollution is the main 

advantage of utilizing biomass conversion into ethanol (Demirbas, 20070. Ethanol contains 

35% oxygen that helps complete combustion of fuel and thus reduces particulate emission that 

pose health hazard to living beings. Generally, the advantage of ethanol fuel to the 

environment can be enumerated as follows: 

Ethanol is a clean-burning, renewable fuel. 

E85 is the cleanest burning fuel available to the market. 

10% ethanol enriched fuel reduces carbon monoxide better 

than 

any other gasoline by as much as 30%. 

Ethanol reduces tailpipe fine particulate matter emissions by 

50%. 

Ethanol is biodegradable, meaning it would not harm ground 

water in the event of a spill. 
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2.7.2 ENVIRONMENTAL IMPACT OF BIOETHANOL PRODUCTION 

TECHNOLOGIES AND THEIR LIFE CYCLE ASSESSMENT (LCA) 

Life cycle assessment (LCA) is a conceptual framework and methodology for the assessment 

of environment impacts of product systems on a cradle to grave basis (Graedel, 1999; Tan 

et al 2002). It encompasses the extraction of raw materials and energy resources from the 

environment, the conversion of these resources into the desired products, the utilization of the 

product by the consumer, and finally the disposal, reuse or recycle of the product after its 

service life (Tan et aI, 2002). It is also an effective way to introduce environmental 

consideration in process and product design or selection (Azapagic, 1999). 

In an extensive study by Kadam (2000), LCA of acid and enzymatic hydrolysis was compared. 

All environmental flows were examined from the product life cycle, its production and 

extraction from raw materials through intermediate conversion process, transportation, 

distribution and use. Dilute acid process was found better than the enzyme process in terms of 

greenhouse gas potential, natural resource depletion, acidification potential and 

eutrophication potential. The reason is dilute acid process sends a much higher proportion of 

biomass to the boiler for electricity production, which tum offsets large amounts of emissions. 

2.8 LIMITATION 

In spite of laboratory based bioethanol. success stories, the production of fuel ethanol at plant 

scale still remains a challenging issue. A positive solution to this issue could bring economic 

advantage not only for fuel and power industry, but also benefit the environmental 

rehabilitation and balance issues ahd cause. 

2.9 BIOETIlANOL CHARACTERIZATION 

Bioethanol characterization is based on the following characteristics; 

2.9.1 VISCOSITY 

The viscosity of a fuel is defined as the measure of the resistance of fuel to flow. Viscosity . 
index is the measure of the constancy of the viscosity of a lubricant with changes in 

temperature with higher values indicating viscosity that changes little with temperature. 

18 



2.9.2 COLD WEATHER START 

This is a factor which makes neat alcohol fueled engines difficult to cold start especially at 

ambient temperature below 10°C. This can be solved by adding additives. 

2.9.3, FLASH POINT 

The flash point of a fuel is the lowest temperature to which it must be heated in a specified 

instrument for the vapor given off to be sufficient enough to ignite when tested under specified 

conditions. 

2.9.4, MISCIBILITY 

This is the ability of a fuel system of mixing fluids in any ratio without. separation. 

2.9.5 OXYGEN CONTENT 

This is a factor that contributes to the corrosion and wear problems as well as chemical 

degradation of material in a vehicle fuel system. 

2.9.6 CET ANE RATING 

This is the measure of the ignition value of a fuel. The cetane number for ethanol fuel is always 

8. 

2.9.7 POUR POINT 

This can be defined simply as the lowest temperature at which movement of fuel sample can be 

determined when the sanlple container is tilted under the condition of standard test method. 

2.9.8 COLOR 

Color is not a critical property; a rare change from the usual may indicate possible change in 

quality or possibly, contamination with another product. Color is the visual appearance of fuel. 
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CHAPTER THREE 

3.0 RESEARCH METHODOLOGY 

3.1 SOURCE: Sugar cane was obtained in Minna at mobil market which was later pressured 

to remove the sugar content. The waste being the bagasse used for the production of ethanol. 

other material used like the baker's yeast ( Saccharomyces cerevisiae) was obtained from a 

local bakery (King's bakery) in Bosso, Niger state. 

3.2 EQUIPMENT USED 

Table 3.2a Showing list of equipment used 

SIN EQUIPMENT SIZE USES 

1 Beaker 250ml 

2 Measuring cylinder 50Om! To measure the volt 

the solution. 

3 Conical flask lOOml To prepare su 

solution. 

4 Thermometer To measure 

temperature of the 

sample heated. 

5 Stirrer For proper agitation 

mixture. 

6 Weighing Balance Taking weight 

samples. 

7 Heating mantle To heat the sam] 

specified temperatw 
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Table 3.2b Showing list of reagent use 

SIN 

1 

2 

3 

4 

3.3 PRODUCTION PROCEDURE 

REAGENT 

Sulphuric acid (H2S04) 

Sodium hydroxide (NaOH) 

Yeast (Saccharonyces cerevisiae) 

Distilled Water 

The bagasse was rinsed in water to remove all particles and then pressed to remove any 

. considemble part of water left, then the bagasse was aired, milled and screened to a particle 

size of250Jl (O.2Smm). 

183grams of bagasse (dry mass) was loaded into a conical flask and mixed with 500ml of 

distilled water. 0.75% of sulphuric acid was added to the mixture and heated with a heating 

mantle at a temperature of 70°C for 10 minutes with a heating proper stirring. The solid-liquid 

mixture was separated to obtain hydrolysate. The solid obtained was dried in oven for 5 

minutes, and then 1.0% of sulphuric acid was added and heated at a temperature of 140°C for 5 

minutes. The hydrolysate obtained was mixed with the first step. The acid-sugar mixture was 

separated using a column chromatography. NaOH was added to neutralize the acid effect and 

pH level adjusted to 0.5. 

8.20g of baker's yeast, saccharomyces cerevisiae was added to the product obtained after 

hydrolysis for fermentation to take place. The temperature was maintained between 25-32°C 

for 3 days. 

The ethanol was distilled using simple distillation apparatus where it was distilled at a 

tempemture of 78.5°C to about 89°C, having a lower boiling point than that of water. It was redistilled 

to remove more of the water content. 
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3.4 ETHANOL FUEL ANALYSIS 

Analysis was carried out for the purpose of comparing the properties with conventional fuel. 

3.4.1 RELATIVE DENSITY (SPECIFIC GRAVITY) 

The relative density of the fuel sample was measured using a density bottle plus water was 

noted as (x.J... y). Also weight of bottle plus fuel sample was noted as (.\'.J... t·). The relative 

density was then calculated using the fonnular below 

I:rt I')-x r 
R.d = .. ' : _ 

Ixt.rJ-x .r 

3.4.2 VISCOSITY 

The cannon Fenske Viscometer was used to determine the viscosity of the sample. Some 

quantity of the sample was put in the viscometer up to the level of the upper mark. The time 

taken for the meniscus of the sample to fall from the upper meniscus of the bulb was noted and 

the viscosity. 
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Hydrolysis cor 

(stage 1&2) 

183 

120 

70 

140 

CHAPTER FOUR 

Time (min) 

10 

5 

Recovered 

Volume of aci( Sugar (%) 

(mol %) 

0.75 

1.0 

117.6 

87.4 

Table 4.2 Showing the readings obtained for the fennentation process. 

FennentatioJ Temp ( pH Initial Final suI Final E Efficienc~ Yield (' stage (Days) 
substrat( (giL) conc (% (%) 
(gIL) 

26 4.5 205 26.86 90.3 86.4 44.05 2 25 4.5 205 26.86 90.3 86.4 44.05 3 26 4.5 205 26.86 90.3 86.4 44.05 
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Tables 4.3 Properties of Ethanol produced. 

Analysis Unit 
Standard Values Result 

Gasoline Ethanol 
Specific Gravi~ 

giL 
0.8 0.78 0.79 Flash Point °c 
-6.7 12.8 to. 5 Viscosity cp 
1.2 

3.4 Refractive Index 
1.36 

1.329 Cetane Number 
5-20 8 

Octane Number 
86-94 too 98 Ignition °c 
280 365 320 Boiling point °c 
30-180 78.6 78.4 

4.2 DISCUSSION OF RESULT 

SU/lllrCane bagasse was used as the feedstock to produce ethanol using three nuyor processes 
viz; hydrolysis, fennentation and distillation. 

The result as stated in table 4.3 shows that the ethanol Produced bas a specific gravity of 0.79 

Which fulls within the range of standard specification for ethanol fuel. This indicates a better 

lUbricity index for lIex fuel engines and could contribute to longer ilUector fuel life. The IIash 

obtained Was IO.5
0

C which is higher than that of gasoline. It makes it easier to handle in 

of fIre outbrteak. The octane number of ethanol was much higher which gives ethanol a 

octane rating allOwing higher compression ratio and different spark timing for UnproVed 

per.tonnarlce. The refractiVe index obtained was 1.329 which fulls within the standanl value. It 

Inal'Catles that the strength of the ethanol is high. Also the value of viscosity obtained was also 

The high value leads to COmplete burning of ethanol and less emission to reduce the 
B>zone precursors by 20-30%. 

overall observation from the fuel analysis of ethanol Produced shows that When compared 

petro fuel (gasoline) has a better blending, relatively cheaper and environmental friendly. 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

Developing alternative natural sources to replace traditional fuel (fossil fuel) has been of 

interest beca,":,se of the increasing world wide concern for environmental protection. 

Based on investigation, sugarcane bagasse was found to be relatively cheap and promising 

feedstock for ethanol production. bagasse was used to carry out this research work by three 

major processes viz: dilute aid hydrolysis, fermentation and distillation. The result obtained 

shows a close relation with the standard result and when compared with gasoline has higher 
, 

advantage like high octane rating which serves as a better antiknock agent than gasoline. The 

highest average percentage composition of ethanol recovered was 90.3% 

The benefits of ethanol fuel are enormous. It is a clean fuel hence environmental friendly, it is 

cheap to produce and has an alternative advantage to gasoline. 

RECOMMENDATION 

L Optimization and scale-up. which are outside the scope of this work. could then follow, 

2. It is also recommended that the procurement of zeolite 3A molecular sieve for the 

dehydration process to produce fuel grade ethanol be done. 

3. Advance in pretreatment by acid catalyzed he"micelluloses hydrolysis or employing an 

integrated approach in the form of consolidated bioprocessing with application 0 novel, 

tailored cocktails of enzymes for cellulose breakdown. 

4. It is also recommended that genetically engineered microorganism that could ferment all 

possible sugar in biomass to ethanol at high productivity be used. 

5. Since ethanol and water forms an azeotrope mixture at g9.43mol%, higher composition of 

ethanol could be achieved if an azeotropic distillation is employed with benzene molecular is 
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APPENDIX 
.,., ," ,'"'TlON OF RESULTS 

) Efficiency(%) :::: gram of ethanol produced x 100 

Sucrose used x 0.5 J 

:::: 90.3 
x 100 

205 x 0.51 

:::: 86.4% 

) Yield (%) :::: gram ethanol produced x 100 

Sucrose used 

:::: 90.3 == 44.05% 

205 

Specific gravity:::: (x + v) - X :::: V 

y 

Where 
(x+ Y)-x 

X== weightof empty bottle ==35.5g 
V == weight of sample 
Y:::: weight of water 

::::V/Y 

== 395.5 

500 

== 0.793g1L 

Viscosity :::: time taken x c 

== 20.2 sec x 0.17 

== 3.4 cP 

Refractive index ( .. ) ~ 1.327338 + (3.934 70x 10'" x zeiss) _ ( 20.4467 x 1O~ x zeis,r) 

,Where zeiss:::: 18 = 1.329 


