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Abstract 

It is estimated that there are worldwide proven oil reserves for 

53 years of production at its 2012 level where 32.8 billion of barrels 

of oil (bbp). On the other hand, it was mention about the negative 

environmental consequences of the use of fossil fuels and the few 

existing oil reserves, has led to the need to look for renewable 

alternatives to reduce these problems. For this reason, the 

production of biofuels is an alternative to minimize the use of fossil 

fuels and prolong existing reserves, in addition to contributing to 

reduce the emissions generated by conventional fuels. For this 

reasons, the generation of agro-energy processes has contributed 

that different countries seek to boost the production of biofuels 

because they represent benefits such as: i) a security in the energy 

supply; ii) reduction of dependence on fossil energy sources; iii) 

the reduction of greenhouse gas emissions; iv) soil protection 

through the use of biodegradable products; v) the minimization of 

the surplus of agricultural production. Nowadays edible and non-

edible crops are used for this purpose, but almost 95 % is made of 

edible crops. This can cause different problems, because they are 

transforming food resources into automotive fuels, and this could 

bring global imbalance to the food supply and demand market. 

The aim of this review was to compare different non-edible crops 

as a raw material for biodiesel production. 
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I. INTRODUCTION  

 
The use of fuels obtained from petroleum in the current 

market is estimated to be exhausted before 2090. In addition to 

its overexploitation in its use has generated serious 

environmental problems such as global warming [1]. Another 

one is that the world's mobility depends on this type of fuel in 

more than 90%. Therefore, it is necessary to search for 

renewable alternatives of fuels to deal with such problems. 

Biofuels have appeared as an unexplored alternative and it is 

until recent years that there has been a growing interest in their 

study and use [2]. 

Biofuels are those fuels such as alcohols, ethers, esters 

and other chemical compounds, produced from natural sources 

known as biomass, which refers to all organic matter that has 

had its immediate origin in the biological processes of recently 

living organisms and includes products of both vegetable and 

animal origin [3]. These bioenergetics can be found in liquid, 

solid or gaseous state, and their purpose is to release the energy 

contained in their chemical components, through a combustion 

reaction. According to [4], there are different types of biofuels, 

which are usually classified in different ways: a) raw material, 

b) technology used for its preparation, c) intended use 

(bioethanol, biogas, bioturbosin, biodiesel), d) by its generation 

(first, second, third and fourth), among others [5]. 
 

II. GENERATION OF BIOFUELS 

 

A. First Generation Biofuels  

 
The first-generation biofuels are those of agricultural origin and 

are made up of food parts of the vegetables, which have a high 

content of starch, sugars and oils [6]. Biofuels are produced 

from these substances using conventional technologies such as 

fermentation, transesterification, and anaerobic digestion. 

Biofuels obtained from these processes are: bioethanol (from 

sugars), biodiesel (from oils), and biogas (mixture of methane 

and carbon dioxide, from organic waste). The advantage of 

first-generation biofuels is their ease of processing and their 

low greenhouse gas emissions and their disadvantage is that 

they have an impact on food security [7]. Some examples of 

materials used for the production of this biofuels are: sugarcane 

juice, corn grains, beet juice or beet, sunflower seed oil, 

soybean oil, palm oil, cottonseed oil, coconut oil, peanut oil or 

peanut, among others. Also used as inputs are animal fats, fats 

and waste oils from cooking and food processing, and organic 

solid waste [8]. 
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B. Second Gneration Biofuels 

 
On the other hand, second-generation biofuels distinguished 

from first generation biofuels in two aspects: they are obtained 
from vegetables that do not have a food function, and they are 
produced with technological innovations that allow to be more 
ecological, composed mainly of cellulose [9]. The main 
advantage of second generation biofuels is that there are no 
deviations of food from agriculture to the energy sector, but its 
disadvantage is that they do not reduce the emission of 
greenhouse gases during the processing of inputs. Some 
examples of raw material for its preparation are: sugarcane 
bagasse, corn stubble, wheat straw, sawdust, leaves and dry 
branches of trees, to mention a few examples [10]. 

 

C. Third Gneration Biofuels 

 
Third-generation biofuels are based on the production of 

microbial species such as yeast, fungi and algae biomass [11]. 

It is currently in extensive research to improve both metabolic 

production and separation processes in biofuel production to 

eliminate non-combustible components and further reduce 

production costs [12]. The advantage of this type of biofuel is 

the algae biomass has no competition with agricultural food 

production and its disadvantage is the use of food cropland to 

plant algae [13]. 

 

D. Fourth Gneration Biofuels 

 
Finally, there are biofuels of fourth generation or direct 

solar biofuels that are those that for their production uses the 

technology of solar energy that is an emerging field and is based 

on the direct conversion of solar energy into fuel using raw 

materials that they are inexhaustible, cheap and widely 

available [6]. 

In this work we will focus on the second-generation 

biofuels, specifically biodiesel produced from different 

vegetable oils from non-edible sources. The use of vegetable 

oils for the production of biofuels for use in internal combustion 

engines began in 1985 [14]. The first vegetable oil to be used 

for this purpose was peanut oil, but there is a great variety of 

species from which their oil could be used to make biofuels. 

The most used vegetable oils for the production of biodiesel are 

the following: soybean, rapeseed, sunflower, peanut (edible 

oils) Jatropha, Rubber seed, Pongam, Sea mango and Castor 

(non-edible) [15,16]. The main objective of using biofuels is to 

reduce greenhouse gas emissions that superheat the earth's 

surface and accelerate climate change [7]. 
 

III. EDIBLE CROPS AND NON-EDIBLE CROPS 

 
Vegetable oils (edible and non-edible) are rich in fatty acids 

which is one of the most important factor for the production of 
biodiesel, since these are the ones that act in the 

transesterification reaction. Once this reaction is carried out, the 
kinematic viscosity is determined, which is defined as the 
resistance of the liquid to flow and is the most important 
characteristic of the biofuel [17]. This viscosity affects the 
operation of fuel injection, formation of mixtures and 
combustion processes [18]. Another important factor is the flash 
point, which is the temperature at which the fuel will start to 
burn when it comes into contact with fire. This parameter is 
important from a security point of view. According to the 
ASTMD6751 standard, biodiesel has a flash point of not less 
than 120 °C and petroleum diesel of 71 °C [19].  

Both edible and non-edible crops have suitable 
characteristics for the production of biodiesel, but non-edible 
crops have some advanteges like: they can grow almost 
everywhere like areas with low fertility, moisture demand, and 
poor and wastelands that are not suitable for food crops, because 
they have a great adaptability, and have a huge potential to 
restore degraded land and fixing. Also, these species does not 
compete with existing agricultural resources, because their oils 
can not be ingested by humans due to the presence of toxic 
components, and the surplus can be used to produce useful by-
products. For example, the seed cakes of castor can be used to 
produce biogas. But the main advantages of non-edible oils are 
the availability, renewability, lower sulfur content, 
biodegradability and aromatic content [20]. 

 The main species that are used for this pourpose are: 
soy, rice, sunflower, corn, palm (edible crops), Castor, Jatropha, 
Rubber seed and Pongam (non-edible crops) [16,20]. 

 

IV. BOTANICAL FAMILIES OF NON-EDIBLE CROPS FOR 

BIODIESEL PRODUCTION 

 
In this review it was found that 41 botanical families are used 

for biodiesel production with 108 different species and 77 
Genus. The Euphorbiaceae family was the most used for this 
purpose: with 35 species, then Brassicaceae, and Apocynaceae 
with five species each, the Asteraceae, Malvaceae, and 
Meliaceae families with four species, the Clusiaceae, 
Sapindaceae, and Sapotaceae families with three species, the 
Achariaceae, Anacardiaceae, Calophyllaceae, Celastraceae, 
Combretaceae, Lamiaceae, Lauraceae, Moringaceae, 
Papaveraceae, Salvadoraceae, Simaroubaceae, and Urticaceae 
families with two species, and finally with one specie each the 
Balanitaceae, Basellaceae, Bombacaceae, Burseraceae, 
Cannabaceae, Cucurbitaceae, Fabaceae, Icacinaceae, 
Magnoliaceae, Malpighiaceae, Menispermaceae, Moraceae, 
Myristicaceae, Putranjivaceae, Rosaceae, Rubiaceae, Rutaceae, 
Santalaceae, and Solanaceae as shown in Table I [20- 53]. 
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Table1. Non edible crops for biodiesel production. 

Family Genus Scientific name 

 

Achariaceae  

[37] 

Hydnocarpus Hydnocarpus kurzii  

Hydnocarpus  

wightiana 

 

Anacardiaceae 

[37] 

Pistacia Pistacia chinensis 

Toxicodendron Toxicodendron  

succedaneum 

 

 

Apocynaceae 

[21, 22, 36, 37, 

39] 

Calotropis Calotropis procera 

Cerbera Cerbera odollam 

Ervatamia Ervatamia coronaria 

Thevetia  Thevetia peruviana 

Vallaris Vallaria solanacea 

 

 

Asteraceae 

[48-51] 

Carthamus Carthamus oxycantha 

Silybum Silybum marianum 

Vernonia  Vernonia cinerea 

Xanthium Xanthium sibricum 

Balanitaceae 

 [37] 

Balanites Balanites roxburghii 

Basellaceae  

[37] 

Basella Basella rubra 

Bombacaceae 

[24, 32] 

Ceiba Ceiba pentandra 

 

 

 

Brassicaceae 

[23, 43, 44, 45, 

46, 47] 

Brassica Brassica carinata 

Camelina Camelina sativa 

Crambe Crambe abyssinica 

Eruca  Eruca sativa 

Thlaspi Thlaspi arvense 

Burseraceae [52] Canarium Canarium commune 

 

Calophyllaceae 

[24, 37, 39, 40, 

41, 42] 

Calophyllum Calophyllum  

inophyllum 

Mesua Mesua ferrea 

Cannabaceae 

[37] 

Cannabis Cannabis sativa 

 

Celastraceae 

[37] 

Celastrus Celastrus paniculatus 

Euonymus  Euonymus 

 acanthocarpa 

 

Clusiaceae 

 [37] 

Garcinia Garcinia echinocarpa 

Garcinia indica 

Garcinia morella 

     

    Combretaceae 

[37] 

Terminalia Terminalia bellirica 

Terminalia chebula 

Cucurbitaceae 

[52] 

Momordica Momordica dioica 

 

 

 

Family Genus Scientific name 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Euphorbiaceae 

[24, 25, 26, 27, 

28, 29, 30, 32, 

37, 38] 

Actinostemon Actinostemon concolor 

Aleurites Aleurites fordii 

Aleurites moluccana 

Aleurites montana 

Aleurites trisperma 

Croton Croton floribundus 

Croton megalocarpus 

Croton nepetifolius 

Croton tiglium 

Euphorbia Euphorbia acaulis 

Euphorbia antiquorum 

Euphorbia 

antisyphilitica 

Euphorbia caducifolia 

Euphorbia comosa 

Euphorbia geniculata 

Euphorbia helioscopia 

Euphorbia heterophylla 

Euphorbia hirta 

Euphorbia lactea 

Euphorbia lathyris 

Euphorbia neriifolia 

Euphorbia nivula 

Euphorbia royleana 

Euphorbia thymifolia 

Euphorbia tirucalli 

Euphorbia triogona 

 

 

 

 



 

 

Family Genus Scientific name 

 

 

 

 

 

 

 

 

Euphorbiaceae 

[24, 25, 26, 27, 28, 

29, 30, 32, 37, 38] 

Hevea Hevea  

brasiliensis 

Jatropha Jatropha curcas 

Joannesia Joannesia  

princeps 

Mallotus Mallotus  

phillippinensis 

Microstachys Microstachys 

 corniculata 

Ricinus Ricinus communis 

Sapium Sapium  

glandulosum 

Sapium  

sebiferum 

Stillingia Stillingia 

 trapezoidea 

Fabaceae 

[24, 26, 31] 

Pongamia Pongamia pinnata 

Icacinaceae  

[37] 

Mappia Mappia foetida 

 

Lamiaceae 

[37] 

Actinodaphne Actinodaphne 

 angustifolia 

Tectona Tectona grandis 

Lauraceae 

[37] 

Litsea Litsea glutinosa 

Neolitsea Neolitsea  

umbrosa 

Magnoliaceae 

[37] 

Michelia Michelia  

champaca  

Malphigiaceae 

[37] 

Hiptage Hiptage 

 benghalensis 

 

 

Malvaceae 

[37] 

Pachira Pachira glabra 

Pterygota Pterygota alata 

Gossypium Gossypium 

 hirsutum 

 

 

 

Meliaceae 

[24] 

  

Aphanamixis Aphanamixis 

 polystachya 

Azadirachta Azadirachta  

indica 

Melia Melia azedarach 

Swietenia Swietenia  

mahagoni 

Menispermaceae 

[37] 

Anamirta Anamirta 

 cocculus 

Moraceae 

[37] 

Broussonetia Broussonetia 

 papyrifera  
  Moringa oleifera 

 

 

 

Family Genus Scientific name 

Myristicaceae 

[37] 

Myristica Myristica 

malabarica  

Papaveraceae 

[37] 

Argemone Argemone 

mexicana  

Papaver Papaver 

somniferum 

Putranjivaceae 

[37] 

Putranjiva Putranjiva 

rosburghii  

Rosaceae 

[37] 

Princepia Princepia utilis 

Rubiaceae 

[37] 

Meyna Meyna laxiflora 

Rutaceae 

[37] 

Aegle Aegle marmelos 

Salvadoraceae 

[37] 

Salvadora Salvadora oleoides 

  Salvadora persica 

Santalaceae 

[37] 

Santalum Santalum album 

Sapindaceae 

[34, 37] 

Sapindus Sapindus 

mukorossi 

  Sapindus trifoliatus 

Schleichera Schleichera oleosa 

Sapotaceae 

[24, 35, 37] 

Madhuca Madhuca 

butyracea 

Madhuca indica 

Mimusops Mimusops 

hexendra 

Simaroubaceae 

[37] 

Quassia Quassia indica 

Simmondsiaceae 

[53] 

Simmondsia Simmondsia 

chinensis 

Solanaceae 

[36] 

Nicotiana Nicotiana tabacum 

Urticaceae 

[37] 

Holoptelea Holoptelea 

integrifolia  

  Urtica Urtica dioica 

 

V. EUPHORBIACEAE FAMILY 

The Euphorbiaceae family is one of the largest and 

diversified containing about 8,000 species in 300 Genus. The 

larger genera are: Euphorbia with about 2,000 species, Croton 

700 species, Phyllanthus 500 species, Acalypha 430 species, 

Jatropha 175 species, Manihot 170 species, between others. It 

includes predominantly tropical species but also widely 

distributed in temperate zones [54].  

From a biochemical point of view, it is a family very diverse 

since it contains alkaloids, cyanogenic glycosides, fatty acids, 

glucosinolates and terpenoids between others.  

Due to the extension, diversity and wide range of applications 

of this family, many of its species were used by the most 

primitive societies. Currently, it is used is in the production of 

medicines, poisons, oils and fats, waxes, gums, rubber and 



 

  

components for paints, varnishes and other industrial products 

[55].  

 

VI. TECHNOLOGIES OF BIODIESEL PRODUCTION FROM NON-

EDIBLE OILS 

 
There are many technologies that can be used for the 

production of biodiesel of non-edible crops like: pyrolysis, 
micro-emulsification, dilution, and transesterification [20]. 
Pyrolysis is a process to transform biomass into liquid (oil), gas 
and pyrolytic carbon in the absence of oxygen and in presence 
of a catalyst [56]. Micro-emulsification is defined as the 
colloidal equilibrium dispersion of optically isotropic fluid [57]. 
Dilution can be used to reduce the viscosity and improve the 
performance of the engine. Finally, transesterification which 
consists of reacting a vegetable oil or animal fat with a low 
molecular weight alcohol in the presence of a catalyst [58, 59] 
such as sodium and potassium hydroxide. This reaction is shown 
in Figure 1 [60]. 

 

 

Figure 1. Transesterification reaction of triglycerides (TG) by methanol in basic 
medium; in the bibliography, it is usually specified as a meta-analysis. 

 

VII. DISCUSSION 

 

Due that most of the energy worldwide is maintained from 

petrochemical sources, which generate pollution problems, 

each day are becoming less economically profitable and non-

renewable raises, it is necessary to develop renewable energy 

sources and that have a lower environmental impact than 

currently used [61]. The utilization of biofuels is one of the 

many solutions because it generates lower emissions of 

greenhouse gases, which makes them more environmentally 

friendly than fossil fuels. The biodiesel also does not contain 

sulfur, carbon monoxide and the combustion of its emissions 

are lower than diesel oil [62]. 

As can be seen in this review, there are different non-edible 

species from which oil can be obtained for the production of 

biodiesel. It was decided to work with non-edible crops because 

they can grow almost everywhere like areas with low fertility, 

moisture demand, and poor and wastelands that are not suitable 

for food crops and these species does not compete with existing 

agricultural resources that can be used to produce edible 

products [20]. The species most used for this purpose 

correspond to the Euphorbiaceae family, where 35 species of 

12 different Genus were found. This family is widely used 

because they do not need much care, and can be grown on soils 

that are not suitable for agriculture and the care needed to 

reproduce are minimal [16]. 

The development of more studies is required, using different 

species of the family Euphorbiaceae, because it is the family 

from which a greater number of species of non- edible crops 

have been obtained for the production of oil for the production 

of biofuel. In this way, these fuels can be produced using the 

most convenient species and obtain the highest efficiency and 

the best environmental benefits. 
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