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Abstract 
Increased demand for energy and the scarcity of fossil fuels has led to the 
search for an alternative source that is sustainable as well as environmentally 
friendly, has the potential to function similarly to conventional fuels, contributes 
to less air pollution, and utilizes the maximum number of available natural 
sources in order to reduce the cost of production while achieving a higher yield 
at the same time. One such popular alternative is biodiesel, a renewable, 
biodegradable, and portable fuel that is sulfur-free, has enough oxygen content, 
is less toxic, and has a comparatively easier manufacturing process. Biodiesel 
is produced through a Trans-esterification process that involves the conversion 
of triglycerides in the presence of a catalyst and alcohol producing mono alkyl 
ester of long-chain fatty acids, i.e., biodiesel, along with glycerol as a 
byproduct. Biodiesel can be produced from a versatile range of feed-stocks, 
from edible sources like Rapeseed oil, Peanut oil, Soybean oil, Sunflower oil, 
canola oil, Palm oil, etc. to non-edible tree-borne oilseeds such as Neem oil, 
Cottonseed oil, Castor oil, Jojoba oil, Ratanjyot, Mahua, etc. to even waste 
cooking oil, animal fat, and microalgal oil. Along with flexibility in feed-stocks, 
a variety of catalysts can also be used in the production of biodiesel via Trans- 
esterification. This study is an attempt to highlight the process of Trans- 
esterification, the impact of biodiesel on the environment and human health. 
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1. Introduction: 

The world is currently experiencing energy crisis as a result of resource depletion and worsening 
environmental issues. Finding an alternative fuel which is both sustainable and environment friendly has 
become necessary to overcome this situation. One such alternative fuel is a mono alkyl ester of long chain 
fatty acids produced from renewable feedstocks like vegetable oil or animal fats, known as Biodiesel 
(Barnwal and Sharma, 2005). Biodiesel is one of the popular alternatives of petroleum fuel as it is sulfur 
free with enough oxygen contented, having no aromatic chain as well as emits less greenhouse gas and 
the manufacturing process is comparatively easier (Tayari et al., 2020).Biodiesel can be used directly or in 
blended form with other conventional diesel. The blended biodiesel is labelled by the percentage of 
petroleum diesel (by volume) used and presented as Bxx where xx represents as amount of biodiesel 
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blended for e.g., B5 [5% biodiesel, 95% diesel (v\v)] and B100 i.e., pure biodiesel (Hanna et al., 2005). 
Up to 20% or B20 no change is required in the engine but afterward modification is needed. 

The other properties of biodiesel which had drawn the attention of many researches includes, high flash 
point i.e., the minimum temperature at which enough vapor is released for spontaneous ignition in the 
presence of air (Santos et al., 2020). Then it has similar characteristics of fossil diesel fuel along with 
being renewable as well as biodegradable in nature (Mahmudul et al., 2017). In addition, biodiesel is 
portable, non-flammable, safer to handle, less toxic and an excellent lubricant with a higher cetane 
number. Trans-esterification process is mainly employed for the production of biodiesel which 
incorporates conversion of triglyceride in the presence of alcohol and catalysts in order to increase the 
rate of reaction. 

A wide range of feedstocks can be used for the production of biodiesel which makes it economically 
potential alternative fuel. According to (Atabani et al., 2019) based on the type of feedstock used 
biodiesel can be grouped into three generation i.e., first, second and third generation. Where the first 
generation includes the edible oils of Peanut, Rapeseed, Sunflower, Soybean, Palm, Sorghum, Coconut 
etc. The second generation comprise ofnon-edible oils of Mahua, Neem, Cottonseed, Sal, Kusum, 
Ratanjyot (Jatropha curcas), Karanja (Pongamia pinnata), Rubber seed, Castor bean seed,Jojoba etc. 
Other than the plant source waste cooking oil and animal fats are also included in the second generation 
of biodiesel which involves pork lard, fish oil, beef tallow, poultry fat or chicken fat. The third 
generationbiodiesel is obtained from microalgal biomass like Chorella vulgaris, Scenedesmus dimorphus, 
Chorella sorokiana, Chlamydomonas rheinhardii, etc. These microalgae are gaining much of attention 
because they have the ability to convert carbon dioxide into biomass through photosynthesis (Kumar et 
al., 2010). Moverover, dependence for the production of biodiesel is shifting towards more on the non- 
edible source as the edible sources affects the total cost of production, food prices, sustainability and 
reusability. 

The upsurge demand of biodiesel and their utilization in various sectors, present study aims to review on 
the production of biodiesel from various plant sources and their effect on environment and human health. 

 

 
2. Biodiesel production: 

The development and progress in research have led to the production of biodiesel from several sources 
along with the availability of convenient methods. One such method is Trans-esterification which is 
mainly applied for the production of biodiesel over the other methods as it is inexpensive and more 
convenient method in compare to other methods which are dilution, pyrolysis and microemulsion. 

2.1. Trans-esterification: 

Biodiesel produced through Trans-esterification (or alcoholysis) involves the use of alcohol in the 
presence of a catalyst for the conversion of triglycerides which are obtained from vegetable oil or animal 
fat. And the procedure requires use of excess alcohol to maintain equilibrium as it is a reversible reaction 
(Banerjee and Chakraborty, 2009). 

Three consecutive reversible reactions take place in trans-esterification i.e., the conversion of 
triglycerides into diglycerides which is next converted to monoglycerides and further converted into 
glycerol. And for each reaction of glyceride, ester (biodiesel) molecule is formed (Avhad and Marchetti, 
2016). 
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Glycerol, also known as glycerin is the byproduct of trans-esterification which can be moreover used as 
raw material in different industries like food industry, cosmetics, pharmaceuticals, etc. (Tan et al., 2013). 

 
 

 

Fig: 1. Process of trans-esterification (Source: Avhad and Marchetti, 2016) 
 

In Trans-esterification, different alcohols can be used for the production of biodiesel such as methanol, 
ethanol, propanol or butanol. Methanol and ethanol are the most commonly used alcohols and the 
products obtained from these alcohols are known as fatty acid methyl ester mixture [FAME] when 
methanol is used and in case of ethanol it is known as fatty acid ethyl ester mixture [FAEE] (Borges and 
Díaz, 2012). 

Methanol is of low cost but itis volatile, more toxic, has lower ability to dissolve oil in compare to ethanol 
and the biodiesel produced by methanolysis is not considered as entirely renewable (Dalena et al., 2018). 
Whereas production from ethanol is regarded as renewable fuel (Sarkar et al., 2012). But the biodiesel 
obtained from ethanolysis has lower reactivity than methanol and the separation of FAEE from the 
coproduced glycerin is more difficult due to higher miscibility (Veličković, et al., 2016). 

In order to increase the rate of reaction catalyst are used, which are mainly of two types. One is called 
homogenous catalyst that acts in the same phase of the reaction mixture and the other one is known as 
heterogenous catalyst which acts in different phase of reaction mixture. These catalysts can be further 
classified into basic (NaOH, KOH, alkaline metals and carbonates), acid or enzymatic(lipases) depending 
on their nature. In compare to heterogenous catalyst, homogenous catalyst takes less time for higher yield 
and conversion (Sharma et al., 2011). Yet when alcohol and oil are utilized under supercritical conditions, 
catalyst is not required for the production of biodiesel (Shahid and Jamal, 2011). However in recent years, 
heterogeneous nanocatalyst such as Li\ZnO-Fe3O4, CaO\MgO,SO4\Mg-Al-Fe3O4, etc., has come into the 
play to reduce the cost and increase the production of biodiesel at the same time. The distinctive features 
of nanocatalyst i.e., high reusability, high reactivity, environment friendliness with high yielding capacity 
is what makes it different from other catalysts and become a sustainable as well as suitable alternative in 
the production of biodiesel (Zhang et al., 2022). 
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3. Production process of biodiesel 

It is important to consider certain parameter in the production of biodiesel which includes the type and 
concentration of catalysts used, reaction temperature and time, mixing intensity, type of alcohol used 
along with its molar ratio employed, then the moisture and the water content along with the purification of 
the final product. The process starts with the mixing of alcohol and the catalysts followed by the 
separation of 2 products after the reaction i.e., glycerin and biodiesel. The next step is the removal of 
excess alcohol from the products via distillation or flash evaporation. Next the by product which is 
glycerin is neutralized to the purest form so that it can be further utilized for other purpose. After the 
separation glycerin, the biodiesel is further refined by gently washing in warm water this step is known as 
methyl ester wash. The final step is the analysis of the biodiesel to ensure the product quality. 

 
 

4. Production from plant sources 

In terms of plant source biodiesel are produced from both edible and non-edible plant sources. Most of the 
developing countries are more dependent on the non-edible source as it makes use of wastelands, provides 
a good yielding as well as more cost effective. The edible oils of Peanut, Rapeseed, Sunflower, Soybean, 
Palm, Sorghum, Coconut etc. can be used and the non-edible oils of Mahua, Neem, Cottonseed, Sal, 
Kusum, Ratanjyot (Jatropha curcas), Karanja (Pongamia pinnata), Rubber seed, Castor bean seed, Jojoba 
etc. as well as waste cooking oil. Some of the feedstock along with the alcohol, catalyst and yielding 
capacity is mentioned below: 

 
 
 

Feedstock Type 
of 

source 

Alcohol 
used 

Molar 
ratio 

methanol\ 
oil 

Catalyst Temperature Reaction 
time 

Rate of 
stirring 

Yield Reference 

Rapeseed 
oil 

Edible Methanol 6:1 KOH 
(1%) 

65oC 2 hours 600 
rpm 

95- 
96% 

Rashid and Anwar, 
2008 

Waste 
Sunflower 

oil 

Non - 
edible 

Methanol 3:1 –9:1 NaOH 
(1%) 

60oC 1-3 
hours 

300 
rpm 

80% Thirumarimurugan 
et al., 2012 

Melon Edible Methanol 6:1 NaOH 
(1%) 

65oC 1 hour - 77.58% Onyenze et 
al., 2021 

Soyabean 
oil 

Edible Methanol 6:1 NaOH 
(1%) 

65oC 1hour - 90.83% Onyenze et al., 
2021 

Groundnut 
oil 

Edible Methanol 6:1 NaOH 
(1%) 

65oC 1 hour - 78% Onyenze et al., 
2021 

Neem oil Non 
edible 

Methanol 6:1 Ni doped 
ZnO (2%) 

60oC 80 
minutes 

150 
rpm 

80% Noreen et al., 
2021 

 

5. Effect of biodiesel on environment and health 

The major problem with the conventional fuels is their constituent as it contains toxic chemicals, that 
emits higher rate of particulate matter, greenhouse gases with other harmful gases which contributes to air 
pollution and severe health issues. On the contrary biodiesel is much more environment friendly and 
causes less health complications. The major air pollutants like carbon dioxide, particulate matter, 
hydrocarbon, nitrogen oxides and carbon monoxide are emitted less in case of biodiesel which also 
implies that biodiesel will cause less health complication too (Aljaafari et al., 2022). 
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6. Conclusion: 

Biodiesel is an eminent biofuel not only in terms of being environment friendly but also on the 
economical aspect by making the use of its by product in different industry there by increasing the 
economy of a country. It is a biodegradable and portable fuel that is sulfur-free, has enough oxygen 
content, is less toxic, and has a comparatively easier manufacturing process. In addition, biodiesel causes 
less harm to human health by emitting less amount of disease-causing pollutants. Furthermore, barren 
lands can also be used for growing non edible plants from which biodiesel are produced. The versatile 
usage of feedstock for the production makes biodiesel a more sustainable biofuel with a greater 
reusability of the resources. 

References: 

 Aljaafari, A., Fattah, I. M. R., Jahirul, M. I., Gu, Y., Mahlia, T. M. I., Islam, M. A., & Islam, M. S. (2022). 
Biodiesel emissions: A state-of-the-art review on health and environmental impacts. Energies, 15(18), 
6854.

 Atabani, A. E., Silitonga, A. S., Badruddin, I. A., Mahlia, T. M. I., Masjuki, H., & Mekhilef, S. (2012). A 
comprehensive review on biodiesel as an alternative energy resource and its characteristics. Renewable and 
sustainable energy reviews, 16(4), 2070-2093.

 Avhad, M. R., & Marchetti, J. M. (2016). Innovation in solid heterogeneous catalysis for the generation of 
economically viable and ecofriendly biodiesel: A review. Catalysis Reviews, 58(2), 157-208.

 Banerjee, A., & Chakraborty, R. (2009). Parametric sensitivity in Trans-esterification of waste cooking oil 
for biodiesel production—A review. Resources, Conservation and Recycling, 53(9), 490-497.

 Barnwal, B. K., & Sharma, M. P. (2005). Prospects of biodiesel production from vegetable oils in 
India. Renewable and sustainable energy reviews, 9(4), 363-378.

 Borges, M. E., & Díaz, L. (2012). Recent developments on heterogeneous catalysts for biodiesel production 
by oil esterification and Trans-esterification reactions: A review. Renewable and Sustainable Energy 
Reviews, 16(5), 2839-2849.

 Dalena, F., Senatore, A., Marino, A., Gordano, A., Basile, M., & Basile, A. (2018). Methanol production 
and applications: an overview. Methanol, 3-28.

 Hanna, M. A., Isom, L., & Campbell, J. (2005). Biodiesel: current perspectives and future.
 Kumar, A., Ergas, S., Yuan, X., Sahu, A., Zhang, Q., Dewulf, J., ... & Van Langenhove, H. (2010). 

Enhanced CO2 fixation and biofuel production via microalgae: recent developments and future 
directions. Trends in biotechnology, 28(7), 371-380.

 Mahmudul, H. M., Hagos, F. Y., Mamat, R., Adam, A. A., Ishak, W. F. W., & Alenezi, R. (2017). 
Production, characterization and performance of biodiesel as an alternative fuel in diesel engines–A 
review. Renewable and Sustainable Energy Reviews, 72, 497-509.

 Noreen, S., Khalid, K., Iqbal, M., Baghdadi, H. B., Nisar, N., Siddiqua, U. H., ... & Nazir, A. (2021). Eco- 
benign approach to produce biodiesel from neem oil using heterogeneous nano-catalysts and process 
optimization. Environmental Technology & Innovation, 22, 101430.

 Onyenze, U., Igwe, J. C., Sonde, C. U., & Ogwuda, U. A. (2021). Effect of Time and Temperature on 
Biodiesel Production using Melon (Cucumeropsismannii), Groundnut (Arachis hypogea) and Soya bean 
(Glycine max).

 Rashid, U., & Anwar, F. (2008). Production of biodiesel through optimized alkaline-catalyzed Trans- 
esterification of rapeseed oil. Fuel, 87(3), 265-273.

1924



Novel Trends in The Development of Hydrogel from Plant Sources and Their Effect in Environment and Human Health: 
A Review 

Available online at: https://jazindia.com 

 

 

 

 Santos, S. M., Nascimento, D. C., Costa, M. C., Neto, A. M., & Fregolente, L. V. (2020). Flash point 
prediction: Reviewing empirical models for hydrocarbons, petroleum fraction, biodiesel, and 
blends. Fuel, 263, 116375.

 Sarkar, N., Ghosh, S. K., Bannerjee, S., & Aikat, K. (2012). Bioethanol production from agricultural 
wastes: an overview. Renewable energy, 37(1), 19-27.

 Shahid, E. M., & Jamal, Y. (2011). Production of biodiesel: a technical review. Renewable and Sustainable 
Energy Reviews, 15(9), 4732-4745.

 Sharma, Y. C., Singh, B., & Korstad, J. (2011). Latest developments on application of heterogenous basic 
catalysts for an efficient and eco friendly synthesis of biodiesel: A review. Fuel, 90(4), 1309-1324.

 Tan, H. W., Aziz, A. A., & Aroua, M. K. (2013). Glycerol production and its applications as a raw material: 
A review. Renewable and sustainable energy reviews, 27, 118-127.

 Tayari, S., Abedi, R., & Rahi, A. (2020). Comparative assessment of engine performance and emissions 
fueled with three different biodiesel generations. Renewable Energy, 147, 1058-1069.

 Thirumarimurugan, M., Sivakumar, V. M., Xavier, A. M., Prabhakaran, D., & Kannadasan, T. (2012). 
Preparation of biodiesel from sunflower oil by Trans-esterification. International Journal of Bioscience, 
Biochemistry and Bioinformatics, 2(6), 441.

 Veličković, A. V., Avramović, J. M., Stamenković, O. S., & Veljković, V. B. (2016). Kinetics of the 
sunflower oil ethanolysis using CaO as catalyst. Chemical Industry and Chemical Engineering 
Quarterly, 22(4), 409-418.

 Zhang, Y., Duan, L., & Esmaeili, H. (2022). A review on biodiesel production using various heterogeneous 
nanocatalysts: Operation mechanisms and performances. Biomass and Bioenergy, 158, 106356.

1925


