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Abstract: 

Water hyacinth (Eichhornia crassipes), a non-native aquatic plant, presents 

substantial environmental difficulties as a result of its fast proliferation and inclination to 

obstruct water bodies. Nevertheless, due to its substantial biomass and abundant 

carbohydrate content, it presents itself as a highly favourable raw material for the synthesis 

of bioethanol. This study examines the potential of water hyacinth in the manufacture of 

bioethanol. It discusses the chemical makeup of water hyacinth, methods for preparing it for 

use, the process of enzymatic hydrolysis, fermentation techniques, and the economic and 

environmental effects of using water hyacinth for bioethanol production. This study 

investigates the feasibility of manufacturing ethanol from water hyacinth, an aquatic plant 

commonly regarded as an invasive species. The study investigates the feasibility of turning 

water hyacinth biomass into bioethanol, which is a renewable substitute for fossil fuels. The 

efficiency and yield of Bioethanol production are analysed by conducting a variety of 

experimental operations, such as pretreatment, hydrolysis, and fermentation. This analysis 

provides insights into the practicality and environmental effect of this strategy. 

Keywords: Utilization, Water Hyacinth, Bioethanol Production. 

 

Introduction: 

In the last century, with the growth 

of the global population and the 

industrialization of new countries, there 

has been a substantial increase in energy 

consumption. Due to the scarcity of natural 

resources, researchers are investigating 

bioethanol as a potential alternative liquid 

fuel. Furthermore, there is ongoing 

research on the use of cellulose biomass as 

a potential substrate for the synthesis of 

bioethanol. A potentially viable alternative 

that is environmentally friendly might be 

bioethanol derived from non-edible 

lignocellulosic waste materials such as 

wood chips and straw, or non-edible crops 

like willow. Lignocellulose consists of 

three primary constituents: cellulose, 

hemicelluloses, and lignin. Despite its 

Brazilian origin, the water hyacinth 

(Eichhornia crassipes) has successfully 

proliferated in numerous tropical and 
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temperate countries. Water hyacinth, a 

free-floating aquatic plant, has experienced 

expansion in over 50 countries across five 

continents. The plant is able to withstand 

extreme fluctuations in water levels, 

seasonal changes in flow velocity, 

differences in nutrition availability, pH 

levels, temperature swings, and exposure 

to toxic substances. The capacity of this 

organism to thrive in salt levels as much as 

0.24% has been proven in Indonesia. 

Documentation has shown that in certain 

regions and seasons, there have been 

remarkably high growth rates of up to 100-

140 tonnes of dry material per hectare each 

year. Multiple problems have emerged due 

to the proliferation of water hyacinth 

obstructing rivers. Several examples 

include the destruction of habitats, 

problems with irrigation, and an increase 

in mosquito populations. In response to the 

harmful effects caused by water hyacinth, 

many measures have been implemented to 

prevent its spread or eliminate it entirely 

(1).  

These measures include the use of 

mechanical, chemical, and biological 

techniques. One of the advantages of these 

plants is their capacity to thrive in aquatic 

environments and effectively eliminate 

heavy metals and nutrients from the water. 

Additionally, they do not pose a threat to 

other crops and grains when it comes to 

land availability. Based on these 

experiments, water hyacinth has 

demonstrated potential as a source for 

ethanol production. The objective of the 

present study is to examine the ethanol 

production potential of a specific microbial 

strain when provided with water hyacinth 

as a substrate. The microbial strains 

responsible for cellulase enzyme 

production were identified, and the most 

efficient strain is used to decompose water 

hyacinth biomass for ethanol production. 

The main objective is to reduce the 

production cost of ethanol by utilising 

water hyacinth as a raw material and 

assess its feasibility for large-scale 

commercial application. In addition to its 

capacity to disturb local ecosystems, the 

water hyacinth, also known as Eichhornia 

crassipes, is a plant that grows rapidly in 

aquatic environments and is noted for its 

invasive traits. This, however, presents a 

potential for the manufacture of bioethanol 

due to the high cellulose and hemicellulose 

content of the material. This research 

endeavors to transform this environmental 

problem into a sustainable energy 

resource, which is in line with the efforts 

being made all around the world to lessen 

our dependency on fuels that do not 

replenish themselves. As a sustainable 

energy source, bioethanol provides an 

alternative to fossil fuels, which in turn 

contributes to the reduction of emissions 

of greenhouse gases and to the 

improvement of energy security (2).  

Corn, sugarcane, and other crops 

that are high in starch or sugar are 

examples of biomass that are traditionally 

used in the manufacturing of bioethanol. 

However, the utilization of these 

feedstocks poses problems regarding the 

utilization of land and the safety of food 

supplies. A sustainable alternative is 

presented by lignocellulosic biomass, 
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which includes agricultural leftovers and 

invasive plants like water hyacinth. This 

type of biomass is abundant and has a poor 

economic value. One of the most 

significant contributions that bioethanol 

makes to the reduction of greenhouse gas 

emissions and the improvement of energy 

security is that it is a direct replacement 

for fossil fuels. Because it is created from 

biological resources, bioethanol is a 

carbon-neutral fuel that recycles carbon 

dioxide that plants take in during their 

growth cycle. This is in contrast to fossil 

fuels, which are manufactured from fossil 

fuels (3). 

 

Traditional Feedstocks for Bioethanol 

Production: 

The most common feedstocks for 

bioethanol production include: 

1. Corn: Corn, largely utilised in the 

United States, is abundant in starch, 

which can be rapidly turned into sugars 

and subsequently fermented into 

ethanol. On the other hand, the 

production of ethanol that is derived 

from maize results in competition for 

the amount of food that is available, 

which in turn causes concerns about 

the availability of food and leads to an 

increase in the cost of food. 

2. Sugarcane: Sugarcane, which is 

widely used in Brazil, is a raw material 

that is exceptionally effective due to 

the high concentration of sucrose that 

it contains. On the other hand, the 

cultivation of sugarcane requires a 

significant amount of land and water 

resources, which may give rise to 

concerns regarding the utilization of 

land and the viability of the industry 

over the long term. 

3. Other Starch Wheat, barley, and 

sugar beets are some of the other crops 

that are utilised in the production of 

ethanol. These crops are rich in starch 

or sugar. These crops, however, 

present a challenge because they 

compete with food crops and require 

agricultural land that could otherwise 

be used for food production. This is 

similar to the situation with maize and 

sugarcane, which also present 

significant challenges (4,5). 

 

Challenges with Traditional Feedstocks: 

There is a high probability that 

manufacturers of biodiesel, renewable 

diesel, and biojet fuel may experience a 

scarcity of feedstock between the years 

2022 and 2027 if the current trends 

continue uninterrupted. Based on our core 

scenario, it is anticipated that there will be 

a jump of 56% in the demand for 

vegetable oil, waste and residue oils, and 

fats, which will ultimately reach a total of 

79 million tonnes over the course of the 

forecast period. A multitude of problems 

arise as a result of the fact that the 

production of bioethanol is dependent on 

food crops. 

1. Food Security: The utilization of 

edible crops for the production of fuel 

has the potential to exacerbate food 

shortages, particularly in nations that 

are already suffering problems with 

food insecurity. It is possible that this 

will lead to increased food prices as 
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well as more competition for land that 

may be cultivated. 

2. Land Use: The production of 

bioethanol feedstocks frequently 

requires the use of large tracts of 

agricultural land, which leads to the 

destruction of habitats, the loss of 

biodiversity, and the destruction of 

forests. There is a possibility that this 

will reduce the environmental benefits 

of bioethanol by contributing to the 

carbon emissions that are the result of 

changes in land use. 

3. Resource Intensity: Traditional 

bioethanol feedstocks often demand 

considerable volumes of water, 

fertilizers, and pesticides, resulting in 

adverse environmental repercussions 

and extra pressure on natural resources 

(6, 7).  

 

Lignocellulosic Biomass as a Sustainable 

Alternative: 

There are several types of invasive 

plants that are classified as lignocellulosic 

biomass. These include water hyacinth, as 

well as wastes from agriculture and 

forests. In the manufacturing of 

bioethanol, this biomass has the potential 

to serve as a renewable alternative to the 

conventional raw materials that are 

typically used. This particular category of 

biomass is made up of cellulose, 

hemicellulose, and lignin, all of which are 

capable of undergoing fermentation, which 

ultimately results in the production of 

fermentable sugars and ethanol.  

1. Agricultural Residues: Corn Stover, 

wheat straw and rice husks are 

examples of agricultural residues. 

Agricultural residues are also known as 

crop residues. The utilization of these 

wastes for the manufacture of 

bioethanol not only adds value to 

agricultural operations but also 

decreases waste while not engaging in 

competition with the production of 

food (7). 

2. Forest Residues: Forest residues are 

comprised of wood chips, sawdust, and 

various other by-products that are 

generated as a result of forestry 

operations. These residues can be 

converted into bioethanol, which not 

only helps the forestry industry 

manage waste but also provides an 

extra cash stream for the company. 

3. Invasive Plants: Species such as water 

hyacinth, which are able to flourish in 

water bodies and cause disruptions to 

ecosystems, can be harvested and used 

as feedstock for the production of 

bioethanol after being harvested. Not 

only does this contribute to the control 

of invasive species, but it also makes 

use of a resource that is easily 

accessible (8, 9). 

 

Composition of Lignocellulosic 

Biomass: 

The primary constituents of 

lignocellulosic biomass are hemicellulose, 

cellulose, and lignin. Cellulose and 

hemicellulose consist of carbohydrate 

polymers. Lignocellulosic biomass is used 

as a substitute raw material for the 

manufacturing of bioethanol. The 

composition of it consists of cellulose (30–
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35%), hemicellulose (20–30%), and lignin 

(10–20%). According to Barakat et al. 

(2013), the combined weight of lignin and 

carbohydrates in total lignocellulosic 

residues is 80%. Nevertheless, there is 

considerable variability attributed to 

additional factors such as the level of 

development of the plant's cell wall, the 

specific type of spice, and the tissue 

involved. Lignocellulosic biomass consists 

of a cellulose and lignin matrix, which is 

surrounded by hemicellulose molecules. 

Cellulose is a polymer made up of glucose 

units that are all the same, while 

hemicellulose is made up of a mixture of 

monomers that have either five or six 

carbon atoms. Lignin is an intricate, 

shapeless polymer with a substantial 

molecular weight that is strongly 

connected to carbohydrates. Moreover, it 

functions as a binding agent, promoting 

the interconnection of cellulose and 

hemicellulose to form the solid, three-

dimensional framework of the cell wall. 

The presence of lignin, hemicelluloses, 

and cellulose in untreated biomass creates 

a strong and resistant structure, making it 

challenging to convert into ethanol. The 

inflexible composition of lignin presents a 

formidable obstacle to its degradation, 

hence constituting a disadvantage when 

employing lignocellulosic-biomass 

materials in fermentation processes. The 

process of lignin removal is intricate and 

requires the use of certain enzymes and 

chemicals. Compared to biomass that has a 

large amount of lignin, the economic 

viability of producing biofuels can be 

improved by choosing a feedstock with a 

lower lignin content (10, 11).  

 

Advantages of Lignocellulosic Biomass: 

The use of lignocellulosic biomass, 

including water hyacinth, for bioethanol 

production offers several advantages: 

1. Non-Competition with Food Crops: 

Unlike traditional feedstocks, 

lignocellulosic biomass does not 

compete with food crops. This allows 

it to circumvent the quandary of 

whether to use it for food or fuel, 

which in turn helps to ensure that there 

is sufficient food for everyone. 

2. Sustainable Resource Use: 

Lignocellulosic feedstocks are 

frequently by-products or waste 

materials resulting from agriculture 

and forestry activities. This helps to 

promote the utilization of sustainable 

resources and help reduce waste (12). 

3. Environmental Benefits: The 

utilization of lignocellulosic biomass 

has the potential to lessen the 

environmental implications that are 

linked with the utilization of traditional 

feedstocks. These impacts include 

deforestation, excessive use of water 

and chemicals, and other similar issues 

(11, 12).  

 

Water Hyacinth as a Bioethanol 

Feedstock: 

It is common knowledge that water 

hyacinth is a member of the invasive 

aquatic plant family. The fundamental 

purpose of the research project titled 

"Research on Producing Ethanol from 



IJAAR    Vol.11 No.6  ISSN – 2347-7075 
 

Vidya Tarachandra Mohod & Dr. Prateek Sharma  

168 

Water Hyacinth" is to evaluate the 

practicability and efficiency of converting 

this plant into bioethanol, which is a 

renewable energy resource. In order to 

accomplish this, it is necessary to evaluate 

the efficacy of several pretreatment 

procedures, such as steam explosion, acid, 

and alkali, in converting the cellulose and 

hemicellulose of the plant into sugars that 

can be fermented. An additional essential 

goal is to evaluate the effectiveness of 

various yeast strains in converting these 

sugars into ethanol under a variety of 

regulated conditions, such as temperature, 

pH, and the length of time that the 

fermentation process is allowed to 

continue. The purpose of this study is to 

increase the efficiency with which the 

water hyacinth can produce ethanol while 

simultaneously reducing the negative 

effects on the environment that are linked 

with this invasive plant. In addition, the 

purpose of the study is to offer insightful 

information regarding the likelihood of the 

plant functioning as a sustainable source of 

biofuel. Through the development of an 

innovative strategy for the management of 

invasive species and the provision of 

alternative fuels, the purpose of this 

project is to make a contribution to the 

expanding field of renewable energy 

production. The aquatic plant, which is 

known by its scientific name, Eichhornia 

crassipes, is highly prized due to its 

rapidly expanding growth and its capacity 

to flourish in rivers that are abundant in 

nutrients (13).  

 

Figure 1 Eichhornia crassipes 

It causes substantial environmental 

problems because it disrupts the flow of 

water, it reduces the amount of 

biodiversity, and it has a detrimental 

impact on the quality of the water and the 

ecosystem. Despite this, it is a valuable 

raw material for the synthesis of 

bioethanol due to the considerable biomass 

yield it possesses and the abundant 

carbohydrate content it possesses.  

1. Abundance: The water hyacinth is a 

plentiful plant that may be found 

growing in many parts of the world, 

notably in tropical and subtropical 

regions. Being able to develop at such 

a quick rate guarantees a consistent 

and ample supply of biomass (14). 

2. Low Economic Value: Water 

hyacinth, which is an invasive species, 

has very little to no economic value 

and is frequently considered to be a 

nuisance. A troublesome plant can be 

transformed into a profitable resource 

through the utilization of it for the 

manufacture of bioethanol. 
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3. Environmental Management: The 

harvesting of water hyacinth for the 

production of bioethanol helps to 

prevent the spread of the plant, which 

in turn improves water quality and is 

beneficial to the ecosystems in the 

surrounding area (15). 

 

Chemical Composition of Water 

Hyacinth: 

Water hyacinth is composed of a 

number of different components, the most 

important of which are cellulose (20–

35%), hemicellulose (18–32%), and lignin 

(7–26%). Other components include 

proteins, lipids, and ash. Due to the fact 

that it contains a high percentage of 

cellulose and hemicellulose, it is an 

excellent choice for the production of 

bioethanol. Furthermore, the fact that it 

contains a relatively low concentration of 

lignin makes the pretreatment process 

simpler (16). 

 

Table 1: Composition of Water Hyacinth 

Component 
Ahn et al. 

2012 

Xia et al. 

2013 

Singh and 

Bishnoi 2013 

Cheng et 

al. 2014 

Yan et al. 

2015 

Lin et al. 

2015 

Cellulose 34.19 23.31 19.2 24.15 31.81 28.9 

Hemicellulose 17.66 22.11 40.0 27.23 25.64 30.8 

Lignin 12.22 12.58 4.8 12.39 3.55 4.6 

 

Pretreatment Methods: 

When it comes to breaking down the 

intricate structure of lignocellulosic 

biomass, effective pretreatment is very 

necessary in order to enhance enzymatic 

hydrolysis activity. The following are 

examples of common pretreatment 

treatments for water hyacinth: 

1. Physical Pretreatment: The physical 

pretreatment process, which includes 

irradiation and mechanical 

comminution, with the goal of 

decreasing particle size and increasing 

surface area. 

2. Chemical Pretreatment: The process 

of dissolving hemicellulose and 

disrupting lignin through the use of 

solvents, alkalis, and acids such as 

sulphuric acid, sodium hydroxide, and 

other similar substances. 

3. Physicochemical Pretreatment: 

Methods that combine physical and 

chemical processes, such as steam 

explosion and ammonia fibre 

explosion (AFEX), are examples of 

physicochemical pretreatment (17). 

4. Biological Pretreatment: The 

utilization of microorganisms or 

enzymes for the purpose of selectively 

degrading lignin is referred to as 

biological pretreatment. 

5. Table 2 Advantages and Disadvantages 

of Selected Pre-treatment Methods 

. 

 

 

 



IJAAR    Vol.11 No.6  ISSN – 2347-7075 
 

Vidya Tarachandra Mohod & Dr. Prateek Sharma  

170 

 

Type of 

pre-treatment 
Advantage Disadvantage 

“Acid 

Removal of Lignin and 

hemicellulose, high hemicellulose 

solubility, wide usage of dilute 

acid pre-treatment due to its 

effectiveness, high sugar recovery 

efficiency for both xylose and 

glucose, cellulose accessibility for 

enzymatic saccharification. 

The concentrated-acid process 

is corrosive and dangerous, 

specialized non-metallic 

constructions are needed, 

formation of inhibitors at low 

pH, losses of sugar content, 

neutralization and salt disposal 

(18). 

Alkali 

 

Major removal of lignin and a 

part of hemicellulose, decrease in 

polymerization degree and 

crystallinity. 

low digestibility in softwoods, 

large amount of water is 

needed for washing, long pre-

treatment resident time, and 

high chemical recovery cost. 

Ionic liquid 

 

Less crystallinity of regenerated 

cellulose and accessible external 

and internal surfaces of cellulose, 

lignin recovery and reuse after 

removal, disruption of lignin and 

hemicellulose network (19). 

High cost of chemicals, 

recovery of solubilized 

cellulose/ hemicellulose, 

toxicity of some ionic liquids, 

sugar separation from ILs and 

recycling. 

Combined methods 

(microwave- assisted) 

Improved enzymatic hydrolysis, 

effective removal of lignin and 

hemicellulose, and maximum 

utilization of lignocellulosic 

components. 

High energy demands, special 

equipment is needed, 

production of toxic waste 

which can limit further 

downstream processing, 

inability to remove 

hemicelluloses and lignin.” 

 

Enzymatic Hydrolysis: 

Cellulolytic enzymes, often known 

as Cellulases, are responsible for the 

hydrolysis of cellulose into fermentable 

sugars after pretreatment. When it comes 

to enzymatic hydrolysis, the efficiency of 

the process is contingent upon the enzyme 

load, the reaction conditions (pH, 

temperature), and the degree of 

pretreatment. Techniques for 

immobilization and recycling of enzymes 

are now being investigated in an effort to 

cut expenses. 

 

Fermentation Processes: 

Microbiological fermentation is the 

process by which the fermentable sugars 

that are acquired through enzymatic 
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hydrolysis are transformed into ethanol. 

Among the most often used microbes are: 

1. Yeasts: Saccharomyces cerevisiae and 

Pichia stipitis, which are known for 

their high ethanol yields. 

2. Bacteria: Zymomonas mobilis, which 

offers advantages in terms of higher 

sugar uptake rates and ethanol 

tolerance. 

SSF, which stands for simultaneous 

saccharification and fermentation, and 

CBP, which is for consolidated 

bioprocessing, are both innovative 

approaches that combine hydrolysis and 

fermentation stages in order to achieve 

greater degrees of efficiency (20, 21). 

 

Figure 2: Process of Biofuel Production 

 

Economic and Environmental Impact: 

Economic Feasibility: 

The availability of feedstock, the 

prices of pretreatment and enzymes, and 

the amount of ethanol produced are some 

of the criteria that determine whether or 

not the manufacture of bioethanol from 

water hyacinth is economically viable. 

Enhancing the economic feasibility of 

water hyacinth can be accomplished 

through the establishment of integrated bio 

refineries that generate several value-

added products (such as biogas and animal 

feed) (22). 

Environmental Benefits: 

Utilizing water hyacinth for bioethanol 

production offers several environmental 

benefits: 

1. Control of Invasive Species: The 

harvesting of water hyacinth 

contributes to the management of this 

invasive species, hence lessening the 

influence that it has on aquatic 

environments. 

2. Reduction in Greenhouse Gas 

Emissions: Decrease in Emissions of 

Greenhouse Gases Because bioethanol 

burns differently than fossil fuels, it 

contributes to a reduction in the 

amount of carbon emissions. 

3. Waste Valorization: The process of 

converting water hyacinth into 

bioethanol increases the value of waste 

and supports the utilization of 

resources in a sustainable manner (23).  

Challenges and Future Perspectives: 

Despite its potential, several challenges 

hinder the large-scale adoption of water 

hyacinth for bioethanol production: 

1. Pretreatment Costs: Regarding the 

costs of pretreatment, the development 

of pretreatment methods that are both 

cost-effective and ecologically benign 

continues to be a significant problem. 

2. Enzyme Efficiency: Enhancing the 

efficacy of enzymes and lowering the 

cost of cellulolytic enzymes are two of 

the most important factors in 
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determining the commercial 

sustainability of the process. 

3. Process Optimization: Additional 

study is required to optimize the 

complete production process, 

beginning with the pretreatment and 

terminating with the fermentation. 

Future research should focus on 

genetic engineering of microorganisms for 

improved ethanol yields, development of 

robust bioreactors, and lifecycle 

assessment to ensure environmental 

sustainability (23, 24). 

 

Conclusion: 

The use of water hyacinth as a 

feedstock for the production of bioethanol 

is not only viable but also sustainable, and 

it addresses challenges that are related to 

both energy and the environment. The 

economic sustainability of this bioethanol 

manufacturing pathway is contingent upon 

the development of necessary 

technological advancements in the areas of 

fermentation, enzymatic hydrolysis, and 

pretreatment. By overcoming the 

challenges that are now being faced, water 

hyacinth has the potential to make a 

significant contribution to the global 

biofuel industry, hence extending support 

for sustainable development and a circular 

economy. To summarize, the process of 

converting water hyacinth into ethanol 

provides a possibility for the production of 

renewable energy while simultaneously 

allowing for the management of an 

invasive plant and the production of a 

lucrative biofuel. Collection, pretreatment, 

hydrolysis, fermentation, distillation, and 

waste management are all components of 

the process, which has been the subject of 

a great number of studies that have 

demonstrated its potential. Despite this, 

there are still problems involved with the 

viability of the economy and the 

sustainability of the environment (25).  
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