
 

 

2. Ethanol production 

 Feedstock for bioethanol production 

Instead of chemical synthesis, fermentation of simple sugars by yeast is 

currently used extensively to produce ethanol from renewable sugar-containing 

biomass. The feedstock for bioethanol production is categorized as: 

1) First generation feedstock which are sugar and starch crops. The major 

sugar crops are sugar cane, sugar beet and their molasses, i.e. by-product 

from sugar production and sweet sorghum while the major starch crops are 

corn and cassava. 

2) Second generation feedstock which are lignocellulosic materials derived 

from agricultural residues or agro-industrial waste such as sugar cane 

bagasse, corn cob or stover, wheat and rice straw, empty fruit bunches of oil 

palm.   

The key producers of bioethanol in the world are USA by using corn, accounting 

for 61% of total global production, followed by Brazil using sugar cane (26% of total 

global production). In Europe, sugar beet is mainly used as the feedstock, with some 

other starch feedstock including corn, wheat, rye and barley. In China, corn, wheat and 

cassava are the main feedstock for bioethanol production. 

 

 
World bioethanol production (billion litres) in 2012. 

 

 



 

 

 Uses of bioethanol  

Bioethanol is an alternative liquid fuel for automotive transport, or for producing 

alcohol. It can be used either in a form of pure hydrous (95%) usually referred to as 

E100 or anhydrous ethanol (99.5%). Pure hydrous ethanol can be used directly, but only 

with modified engine or flexible –fuel vehicles (FFVs). Except for Brazil, other countries 

use primarily anhydrous ethanol in the form of a blend with gasoline, namely gasohol. 

There are several common blends of anhydrous ethanol and gasoline used around the 

world and classified by an international nomenclature of E followed by a figure to 

indicate the proportion of bioethanol content (in % by volume). For example, E10 is a 

blend of 90% gasoline and 10% of anhydrous ethanol. Currently, different blends are 

used including E5, E10, E20, E25 and E85. Blends having bioethanol with or more than 

20% must be applied with modified automotive or FFVs which can limit its consumption. 

 

 Ethanol production 

When ethanol is produced by yeast fermentation of sugar feedstock such as 

sugar cane, molasses, sugar beet and sweet sorghum, yeast can directly consume 

simple sugars and convert them biologically to ethanol. However, starch and cellulose 

feedstock are a polymer of glucose and cannot directly be utilized by yeast. They have 

to be converted or depolymerized to glucose prior to yeast fermentation. 

Depolymerization or hydrolysis of starch is much simpler and more cost effective than 

that of cellulosic materials and can be achieved by acid or enzyme or a combination of 

both.  

 

 

 

Conversion (by weight) of glucose to ethanol by yeast fermentation 

 

 

 

C6H12O6    +    Yeast   2 C2H5OH   +     2 CO2 

Glucose     Ethanol       Carbon dioxide 

 100 g       51.1 g  48.9 g 



 

 

 
Ethanol production from sugar crops, starch crops and lignocellulosic materials 

 

 Ethanol production from cassava feedstock 

Starch is a polysaccharide comprised solely of glucose monomers which are 

linked together by glycosidic bonds. It is composed of two types of glucan, namely 

amylose, a linear glucose polymer having only α-1,4 glycosidic linkage and 

amylopectin, a branched glucose polymer containing mainly α-1,4 glycosidic linkage in 

a linear part and a few α-1,6 at a branch structure. Most starches contain approximately 

20-30% amylose and the rest are amylopectin.  Some starches contain no amylose such 

as waxy corn starch, waxy rice starch, amylose-free potato, amylose-free cassava and 

some have very high amylose contents up to 50-70% as in high amylose maize 

starches. These two polymers organize themselves into semi-crystalline structure and 

form into minute granules, which are water insoluble. Starch granules are less 

susceptible to enzyme hydrolysis. Upon cooking in excess water, the granular structure 
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of starch is disrupted, causing glucose polymers to become solubilized and more 

susceptible to enzyme attack. At the same time, the starch slurry is more viscous. This 

process is known as gelatinization and the temperature at which starch properties are 

changed are referred to as gelatinization temperatures. Different starches have different 

gelatinization temperatures. 

Starch hydrolysis by enzymes is a two-stage process involving liquefaction and 

saccharification. Liquefaction is a step whereby starch is degraded by an endo-acting 

enzyme namely α-amylase, which hydrolyzes only α-1,4 and causes a dramatic drop 

in viscosity of cooked starch. Typically, liquefying enzymes can have activity at high 

temperatures (> 85°C) so that the enzyme can help reduce paste viscosity of starch 

during cooking. The dextrins, i.e. products obtained after liquefaction, are further 

hydrolzyed ultimately to glucose by a glucoamylase enzyme which can hydrolyze both 

α-1,4 and α-1,6 glycosidic linkage. Glucose is then subsequently converted to ethanol 

by yeast.  By the end of fermentation, the obtained liquid with approximately 10%v/v 

ethanol, depending on solid loading during fermentation, is subjected to distillation and 

dehydration to remove water and other impurities, yielding anhydrous ethanol. 

The process of bioethanol production from cassava feedstock involves 5 main 

steps, which are: 

1) Feedstock preparation: the main purpose of this step is to make cassava 

feedstock physically suitable for downstream processing, i.e. cooking, starch 

hydrolysis, fermentation and distillation and dehydration. Details are different 

with regard to types of feedstock and milling process. In general, the 

preparation includes impurity removal (washing and peel removal of fresh 

roots, metal removal, sand and soil removal of slurry by cyclone), size 

reduction by milling or rasping. Fibre can be optionally separated from 

starch milk prior to cooking. 

2) Cooking: The starch is cooked to rupture the granular structure and hence 

improve its susceptibility to enzyme hydrolysis. Cooking is achieved at a 

temperature greater than gelatinization temperature. During cooking, the 

high viscosity of the slurry is developed due to starch gelatinization and 



 

 

swelling of some particles. Cooking is, therefore, commonly performed in the 

presence of liquefying enzymes, i.e. α-amylase to liquefy cooked slurry. 

3) Starch hydrolysis: Starch is enzymatically hydrolyzed to glucose by α-

amylase and subsequently by glucoamylase. The liquefaction by α-amylase 

is usually conducted at high temperatures at which the starch becomes 

gelatinized. After liquefaction, the liquefied slurry is cooled down to an 

optimum temperature for glucoamylase hydrolysis which is about 50-55°C, 

depending on the enzyme type. 

4) Yeast fermentation: Glucose is then fermented by yeast. By the end of 

fermentation, the obtained liquid contains approximately 10%v/v ethanol, 

depending on solid loading during fermentation. 

5) Distillation and dehydration: The liquid is subjected to distillation to 

concentrate the ethanol to 95% and then dehydration to remove water, 

yielding anhydrous ethanol (99.5%). 

 

The production process of bioethanol from starch feedstock has been 

developed significantly to reduce processing time and energy consumption by 

conducting saccharification and fermentation in one step; this process is called 

“Simultaneous Saccharification and Fermentation”, or SSF process. In this SSF process, 

the liquefied slurry is cooled down to 32°C, followed by glucoamylase and yeast being 

added together. While glucoamylase produces glucose, yeast can consume glucose 

immediately to produce ethanol. No glucose is accumulated in the system which is an 

advantage for yeast growth. 

 

 



 

 

  

               (a) (b) 

(a) Conventional and (b) SSF, Simultaneous Saccharification and Fermentation process 

of ethanol production from cassava feedstock 

Note: The temperatures are enzyme and yeast-type dependent 
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