


 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

 
 

  

 

   
    

 

 

 

 

 

4. 

1



 

 
 

 
–    

 
: 

 ,  
  

, 
 

 
 

 

 
–  

 
 

–  
4  

 
 

, 
- 425-322 

–  
:   

 
 

 

  
 

 
 

 
 

-  , 
, 1073/3-21 

25.09.2024 1/24-
64-1   

 
 
 
 
 
 
 
 

 
- X-  

- - - -

ii



 

i 
 

 
 

 

 

 
 

i



 

ii 
 

(Ricinus communis ) Jatropha curcas )
(Pongamia pinnata (Camelina 

sativa
 

-
-

 
(R. communis

,

 
– -

- )

-
-

-

-

-

IV)- -
-

-
 

ii



 

iii 
 

 

- -

-

 
-

-
-

-

. 

iii



 

 
 iv



 

v 
 

 

PREFACE 
Most energy currently used in global transport comes from fossil fuels, i.e., oil. 

Dependence on fossil fuels is widely regarded as one of the significant problems 
facing humanity today. The unrestricted use of fossil fuel-based products has caused 
various negative results, posing severe difficulties for humanity. First, burning fossil 
fuels releases many greenhouse gases into the atmosphere, contributing to global 
warming and its consequences. Second, the extraction and use of fossil fuels 
negatively affect the environment and human health. For example, oil extraction can 
cause air and water pollution, and oil spills can threaten biological systems and harm 
the natural balance. As countries compete to access these limited resources, global 
dependence on fossil fuels can cause geopolitical disputes and economic instability. 
In this way, the progress towards sustainable energy sources is seen as a basic answer 
to the issues related to reliance on oil and its derivatives. 

Moreover, the so-called environmental awareness in modern society has caused 
an energetic search for renewable energy sources. Therefore, many experts agree that 
the transition of the road and air transport sector to using renewable energy sources 
(bioenergy) in the form of biofuels produced by biomass transformation processes is 
necessary and urgent for the future of humanity and planet Earth. To achieve this, 
overcoming obstacles, such as lack of investment in infrastructure, technological 
advances, and policy changes, is necessary. 

One of the most competitive biofuels used in road transport is biodiesel, an 
alternative to fossil fuels that represents a good energy efficiency and environmental 
protection solution. Biodiesel is a renewable and sustainable fuel usually produced 
from various vegetable oils, such as soybean, palm, or rapeseed. However, the cost 
of producing biodiesel can be pretty high, primarily if the plant species from which 
it is obtained is grown for food production purposes. The use of edible oil as a raw 
material for obtaining biodiesel can lead to competition with food production and 
affect the increase in the price of food. Since vegetable oils can account for up to 
95% of the total costs, the costs of producing biodiesel are still higher than those of 
fossil fuels. Therefore, using non-edible oilseeds as raw material is one of the 
solutions for reducing the cost of biodiesel production. On the other hand, these oil-
rich plant species are not used for food production and may be a more sustainable 
and cost-effective source of oil feedstock for biodiesel production. Non-edible 
oilseeds include castor (Ricinus communis L.), Barbadian nut (Jatropha curcas L.), 
Indian beech (Pongamia pinnata [L.] Pierre), camelina (Camelina sativa [L.] 
Crantz.) and others, which they can be grown on marginal land and require less water 
and fertilizer than food crops. 
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On the other hand, using non-edible seeds of oilseeds for biodiesel production 
has limitations, such as lower yields and less efficient oil extraction methods, making 
them less economically viable than crops grown for food production. A comprehensi-
ve approach that considers sustainability, economics, and social impacts is needed to 
identify the most acceptable feedstocks for biodiesel production. 

Ricinus (R. communis L.) is an inedible oil plant from the Euphorbiaceae family, 
which grows in tropical, subtropical, and temperate regions, in the wild (wild) and 
on plantations (cultivated). This oilseed can be grown on marginal lands (dry and 
poor), preferably in dry farming, without competition with food plant species for 
land. Castor oil is usually cultivated for its seed oil. It is estimated that castor has 
great potential for biofuel production, such as high seed yield, high seed oil content, 
and low production cost. 

In this book - monograph, the use of castor, which is not used in human nutrition, 
as an energy crop for the production of oil and biofuel (biodiesel, bio-jet fuel, biogas, 
bioethanol, and others) from seeds and plant residues after harvest (tree and leaf), 
seed preparation (husk) and oil extraction (seed cake or meal) covering different 
aspects ranging from crop cultivation to socio-ecological impacts of biofuel 
production. First, the main characteristics of the castor plant and seed are discussed, 
including morphology, genetics, breeding, biochemistry, growing conditions, 
production technology, and traditional and emerging uses. Then, the crucial aspects 
of harvesting, receiving, and processing castor seeds and oil extraction, refining, and 
storage are described. The focus shifts to the extraction, composition, physicochemi-
cal properties, and uses of castor oil, delving into the essential details. Emphasis is 
placed on castor oil extraction methods, such as mechanical pressing and solvent 
extraction. 

The book then critically examines the different production technologies of castor 
oil biodiesel used worldwide, analyzing different routes and exploring new process-
es. Special attention is paid to statistical optimization, kinetic modeling, and thermo-
dynamic analysis of biodiesel production from castor oil. Furthermore, biodiesel 
physicochemical and fuel properties, engine performance, and exhaust gas emissions 
from the combustion of castor oil biodiesel and its blends with diesel fuel are 
considered, taking into account the relevant biodiesel quality standards. 

Also, the production of other biofuels from oil, seed cake, and plant residues, 
such as bio-jet fuel, biogas, and bioethanol, is briefly described, emphasizing their 
production in biorefineries. The techno-economic, environmental, and social aspects 
of biofuel production from castor biomass are then discussed, emphasizing the 
importance of cost-effective and sustainable methods and environmental and social 
impacts. The book's clear message is that the future use of castor oil should be based 
on the full utilization of the entire biomass in biorefineries to give high added values 
to its oil, cake, or seed meal and plant residues. 

vi



 

vii 
 

Finally, the book concludes by discussing the prospects and challenges of biofuel 
production from castor biomass. The perspective of castor oil as a raw material for 
producing oil, biofuels, and biochemicals is good, with more opportunities for 
sustainable development. However, responding to possible challenges and ensuring 
the overall production process is sustainable and socially responsible for realizing its 
full potential is necessary. It was emphasized that the future of economic and 
sustainable use of castor biomass as a raw energy material depends on cost-effective 
and sustainable methods of cultivation, seed extraction and biofuel production, land 
availability, and consideration of techno-economic, ecological, and social aspects. In 
doing so, the challenges of large-scale production must be addressed. With further 
research, castor biomass could become a viable and cost-effective feedstock for 
biofuel production while mitigating environmental and social impacts. 
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Afterword 
This book discusses the castor bean plant as an important oilseed with great 

potential for use as feedstock for producing biodiesel and other biofuels, such as bio-
jet fuel, bioethanol, and biogas. Ricinus is a promising industrial oilseed because of 
the high oil content in its seeds and the high yield of harvest residues (stem, leaf). 
Therefore, this oilseed should be valorized in biorefineries using the entire biomass, 
which increases the value of its oil, waste cake, and plant residues after harvest and 
seed preparation. Castor oil can be used in producing biofuels, such as biodiesel, bio-
jet fuel, and biochemicals. In addition to soil fertilizers and solid fuels, waste cake 
and residues from harvesting and seed pretreatment can be used as feedstock for the 
production of biogas, bioethanol, and biochemicals. This strategy requires 
eliminating or reducing the negative characteristics of castor cultivation, harvesting, 
seed preparation, oil extraction, and biofuel production. From an agronomic point of 
view, specific improvements can be achieved by increasing knowledge of sustainable 
castor cultivation practices and selecting superior varieties. From a processing point 
of view, oil extraction is a critical operation. The yield and quality of the extracted 
oil can be increased by choosing the appropriate extraction method and improving 
the working conditions. More research must be done with new extraction methods, 
especially in semi-industrial plants and larger scales, to learn more about oil yield 
and composition and overall process costs. In particular, optimization, kinetic 
modeling, and thermo-dynamic analysis of the castor oil extraction process are 
needed. As for biofuels, expanding their production from castor oil and biomass 
requires cutting-edge research. For example, the transesterification of castor oil 
should be optimized in terms of reactor type, reaction temperature, alcohol type and 
concentration, and catalyst type and concentration. In addition, its kinetics should be 
elucidated, and cheap, active, and stable solid catalysts should be tested in advanced 
reactors with continuous operation. Biorefineries can further enhance the integrated 
production of biodiesel and other valuable biofuels and biochemicals. Overall, 
biofuel production from castor biomass is a promising area for sustainable energy 
that needs further research and development, with the potential to become an 
important component of global energy production. 

The outlook for castor oil and biofuel production is good, with several potential 
opportunities for sustainable development. However, it is necessary to respond to 
potential challenges and ensure that these productions are sustainable and socially 
responsible to realize their full potential. First, it is necessary to consider the techno-
economic aspects of producing castor oil and biofuel because they can affect their 
sustainability and profitability. Improvements in extraction methods, production 
costs, oil yield and composition, market demand, and compliance with government 
policies and regulations can help make castor oil production more economically 
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viable. Similarly, the improvement of the biofuel production process increases its 
economy and the favorable price of the product on the market. In addition, 
environmental quality, human health, and ecosystems are essential to consider when 
growing castor and producing castor oil and biofuel. Minimizing land use, water use, 
chemical inputs, impacts on biodiversity, energy use, and waste generation can help 
reduce the adverse environmental impacts of castor oil production. The environ-
mental impact of biofuel production from castor biomass can be reduced by 
improving seed yield and seed oil content, minimizing the use of fertilizers, or 
optimizing agricultural practices. Furthermore, ensuring worker protection from 
exposure to unsafe chemicals, managing plantations using sustainable agronomic 
practices, supporting local communities, and reducing greenhouse gas emissions can 
help promote sustainable castor cultivation. 

The perspective of biofuel production from whole castor biomass depends on the 
development of cost-effective and sustainable production methods and the 
availability of suitable land for cultivation, which requires consideration of its 
techno-economic, ecological, and social aspects. However, challenges must be 
addressed for viable large-scale biofuel production from castor biomass. With further 
research and development, castor biomass has the potential to become a viable and 
cost-effective feedstock for biofuel production while ensuring careful evaluation and 
mitigation of its environmental and social impacts. 
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