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Abstract: The growing energy consumption worldwide is increasingly difficult 

to fill using fossil fuels, which are considered as non-renewable energy 

sources. Burning of fossil fuels has in addition a negative action on the 

environment by massive emissions of pollutants and by contribution to the 

greenhouse effect. The most used fossil fuel in industry, agriculture and 

transport is diesel fuel. Its replacement with biodiesel can contribute to 

diminishing the mentioned negative aspects related to the use of fossil fuels, so 

its use as alternative fuel has become more and more attractive and important. 

Biodiesel can be obtained from any oil or fat by reacting with alcohols. Natural 

raw materials can be used to produce biodiesel, so it can be considered as a 

renewable energy source. Burning biodiesel produces fewer pollutants than 

burning fossil fuels, and the greenhouse effect is also lower, so the negative 

effects on the environment are diminished. Moreover, the utilization of waste 

and degraded oils and fats to produce biodiesel, also contributes to reducing 

the polluting effects. Growing concerns about environmental pollution, 

reduction of food resources, and raw materials prices have made the 

producers' attention turn to inedible and used oils and fats as raw materials 

for biodiesel production. Utilization of used oils and fats is an attractive option 

for biodiesel manufacturing, because of their reduced price, elimination of the 

costs for treating and discarding them, and decreasing of agricultural land 

needed for the crops used as raw materials intended for biodiesel production. 

Such waste and degraded oils and fats, which can be exploited as raw 

materials for biodiesel production, are used frying fats and oils, second-used 

oils and fats, grease trap waste, and sewage sludge. This article presents a 

study on the possibilities of using those materials for biodiesel production. 

Keywords: biodiesel, transesterification, used frying fats and oils, grease trap 

waste, wastewater, sewage sludge. 

 

1. Introduction 

 

Today, one of the very valuable resources of the human civilization is 

energy, and the world energy consumption is continuously growing. In 2015 

this consumption was more than 150000000 GWh, and a 57% increase is 

predicted for 2050, accompanied by greater environmental negative effects. 

Fossil fuels (petrol derivatives, natural gas, and coal) are the most 

important energy suppliers in the world, providing about 80% of the global 

needs. Almost all human activities (industries, agriculture, transportation, 

domestic activities) are dependent on the use of fuels. The growing energy 
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consumption worldwide is increasingly difficult to fill using fossil fuels, which 

are considered as non-renewable energy sources [Hajjari et al. 2017, Demirbas 

2009, Bull 1996]. 

Any increase in oil prices has negative effects on the economy and 

may lead to the emergence of international conflicts. 

Burning of fossil fuels has in addition a negative action on the 

environment by massive emissions of pollutants and by contribution to the 

greenhouse effect. 

Therefore, finding alternative energy sources, renewable and less 

polluting is essential to humanity [Vandenbroucke 1985, Pomfret 2009, 

Tonneson and Kolas 2006]. 

The most used fossil fuel in industry, agriculture and transport is diesel 

fuel. Its replacement with biodiesel can contribute to diminishing the mentioned 

negative aspects related to the use of fossil fuels, so biodiesel use as alternative 

fuel has become more and more attractive and important. 

Under the name Biodiesel are included fuels which contain monoalkyl 

esters of fatty acids, obtained from renewable resources (edible and non edible 

oils, animal fats, and waste oils and fats) [Yimer and Sahu 2014]. 

Biodiesel can be obtained from any oil or fat by reacting with alcohols 

(most used are methanol or ethanol). Natural raw materials can be used to 

produce biodiesel, so it can be considered as a renewable energy source. 

Burning biodiesel produces fewer pollutants than burning fossil fuels, and the 

greenhouse effect is also lower, so the negative effects on the environment are 

diminished. Moreover, the utilization of used oils and fats to produce biodiesel 

also contributes to reducing the polluting effects [Peng 2018, Apostolakou et 

al. 2009, Usta et al 2005, Hayyan et al. 2009, Pedrojevic 2008]. 

Biodiesel contribution to global warming is close to zero, so it is 

almost carbon-neutral. No supplementary production of carbon dioxide is 

coming from using biodiesel as fuel, since most of the biodiesel is produced 

from lipids of vegetal origin, and plants breathe carbon dioxide (Figure 1). 
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Figure 1.  Biofuels and the carbon cycle [ElSohl 2011] 

 

Burning biodiesel instead of fossil fuels greatly reduces other toxic 

emissions. “Neat biodiesel is as biodegradable as sugar and less toxic than salt”, 

according to the National Biodiesel Board [www.http://biodiesel.org/what-is-

biodiesel/biodiesel-basics]. 

Only the NOx emission increases slightly, but those emissions could 

be reduced by engine modifications. 

The sulfur content in vegetable lipids is negligible, so emissions of 

sulfur dioxide (generating sulfuric acid in atmosphere, and acid rains) are 

greatly reduced. The small sulfur content means that only small quantities of 

very corrosive sulfuric acid will accumulate in engines. Beside, being made 

entirely from vegetable lipids, biodiesel does not contain aromatic 

hydrocarbons, metals or petroleum residues. 

Because biodiesel does not contains toxic and carcinogenic aromatics 

compounds (such as benzene, toluene, xylene, and polyaromatic 

hydrocarbons), the negative impact on health and environment of gases 

produced by its combustion will be much diminished. 

Using of biodiesel improve combustion efficiency, due to its high 

cetane number (ranging from 49 to 62). The biodiesel components are esters of 

fatty acids (usually methyl or ethyl esters), having usually 16 to 20 carbon 

atoms. Those hydrocarbon chains have two oxygen atoms, making them very 

good fuels, with excellent combustion qualities as oxygenated vegetable based 

fuels. Biodiesel contains about 10% oxygen (by weight). 

In comparison, petroleum based diesel contains many different 

hydrocarbon chains (approximate 14-18 carbon atoms), with variable content 

of sulfur, aromatic hydrocarbons, and other petroleum residues. Even diesel 

fuels sold as “low sulfur, low aromatic" have about 20-24% aromatic 

hydrocarbons, substances which generate fire, health, and pollution threats 

associated to the use of those fuels. 

Biodiesels are also more environmentally friendly (for example in the 

case of a spill), because are biodegradable substances, preventing long-term 

damage to environment. 

Many countries have already promoted legislation which favors the 

use of biodiesel, encouraging the replacement of fossil fuels [Weaver and 

Howell 2017, Uddin 2013, Caprita et al. 2005]. 

Besides his use as fuel, Biodiesel can be used as “green solvent” for 

pigments, paints and coatings, and as industrial degreasing agent. 

Biodiesel is obtained from oils and fats by transforming the 

triglycerides into esters (usually methyl or ethyl esters) of the fatty acids (FFAs) 

constituents of initial triglycerides. The chemical process is known as 
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transesterification, and usually requires thermal treatment in the presence of a 

catalyst. The main final products of this process are the mentioned mono-alkyl 

esters (actually the biodiesel) and glycerin. Glycerin can be used, after 

purification, for example in food, cosmetics or pharmaceutics. 

The most used processes for biodiesel production are catalyzed by 

strong bases (e.g. KOH, NaOH, CH3O
-Na+, CH3O

-K+), because they give good 

yields and require lower temperatures, pressures and time. Yields of those 

processes decrease when the free fatty acid (FFA) level of the oils and fats is 

greater than 1% (e.g. when used lipids are used as raw materials), because FFAs 

form salts (soaps) in the presence of the base catalysts; those soaps reduce the 

yields, e.g. by affecting the purification stages, and consuming the catalysts. 

The soaps formation is avoided when using acid catalysts (H2SO4, 

H3PO4, HCl, sulfonic acids), but those processes require longer time and higher 

costs. 

Enzyme catalyst can be also used for biodiesel production, but in those 

cases reaction time is greater, and the catalyst preparation is difficult. 

The most used alcohol for biodiesel production is methanol, because 

it has a low price, the purification steps are easier, and viscosity of the obtained 

biodiesel is lower. The disadvantage is the high toxicity of methanol. Ethanol 

is not so toxic, is also cheap, but the separation steps are difficult, ethanol 

forming an azeotrope with water. In the enzyme catalyzed methods, iso-

buthanol or tert-butanol are added to avoid the inhibition of enzymes by 

methanol or glycerol [Um Min Allah and Alexandru 2016, Karnjanakom et al. 

2016, Shereena and Thangaraj 2009, Huang et al. 2012]. 

When the alcohol in the process is methanol, and the catalyst is NaOH, 

the main chemical process is the reaction (1). 

 

 
 

 

 

(1) 

 

FFAs, present or formed by hydrolysis in oils and fats (especially degraded 

ones), react with the basic catalyst, forming soaps (reaction 2). The soaps 

formation must be avoided, as they reduce the biodiesel yield, by bonding the 

methyl esters to water [Caprita and Caprita 2005]. 
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(2) 

 

Many studies have shown that biodiesel can be used in current diesel engines, 

due to many similarities between its properties and those of classic diesel fuel 

(Table 1). 

 

Table 1. Properties of palm oil Biodiesel and Diesel [Benjumea et al. 2008] 

 

Fuel Properties Biodiesel Diesel 

Density at 15ºC (g/cm3) 0.8834 0.8340 

Viscosity at 40ºC 

(mm2/s) 

4.47 2.83 

Sulfur content (%) < 0.005 0.034 

Carbon content (%) 76.1 86.2 

Hydrogen content (%) 11.8 13.8 

Oxygen content (%) 12.1 - 

Flash point (ºC) 178 62 

Cetane number 56 47 

Net Calorie value (kJ/kg) 37243 42588 

 

This article presents a study on the possibilities of using waste and degraded 

oils and fats for biodiesel production. 

 

2. Waste and degraded oils and fats for biodiesel production 

 

The price of biodiesel obtained using crude or refined oils or fats is 

higher than that of diesel fuel obtained from petroleum. As an example, if edible 

virgin oil is used as raw material, the contribution of oil price in the total cost 

of obtained biodiesel is more than 70%. 

Moreover, the use of edible oils and fats for making of biodiesel creates 

problems regarding the use of food resources for other purposes. 

Growing concerns about environmental pollution, reduction of food 

resources, and raw materials prices have made the producers' attention turn to 

inedible and used oils and fats as raw materials for biodiesel production [Jha 

and Das 2017, Gashaw and Teshita 2014, Chhetri et al. 2008]. 

Waste resulted as byproducts related to more valuable agricultural crops 

(e.g. seeds of pumpkin, avocado, papaya, tee, tobacco, rubber, or rice bran, 
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defective coffee beans, coffee grounds, olive pomace, pili pulp) can be used as 

raw materials for biodiesel production. 

Waste fats of animal origin can also be used in biodiesel production. 

Using animal fats involves difficulties related to poor flow properties at low 

temperatures, because animal fats contain more saturated fatty acids. An 

exception is fish oils, which have greater content of unsaturated fatty acids, but 

those acids are mainly long-chain molecules, so the poor flow properties remain 

[Knothe and Razon 207]. 

Insects are considered also as raw materials for biodiesel production, 

due to the great content of lipids in insect biomass, or the possibility of using 

some insects for the degradation of solid fats wastes. Disadvantages of using 

those raw materials are related to the poor flow properties [Čičkova et al. 2015, 

Manzano-Agugliaro et al. 2012, Zheng et al. 2012]. 

Utilization of used oils and fats is an attractive option for biodiesel 

manufacturing, because of their reduced price, elimination of the costs for 

treating and discarding them, and decreasing of agricultural land needed for the 

crops used as raw materials for biodiesel production [Hossain et al. 2018, 

Hajjari et al. 2017, Pukale 2013, Kawentar and Budiman 2013, Ruiz-Méndez 

et al. 2008]. 

According to a recent study from Egipt, 1 l of biodiesel can be obtained 

from used cooking oils at a production cost of $ 0.515, while for petro-diesel 

the cost is $ 0.678/l and for biodiesel produced from virgin oils the cost is $ 1/l. 

In Iran, the production cost for 1 l of biodiesel obtained from used cooking oils 

is estimated at $ 0.611 [El-Gharabawy 2017, Hajjari et al. 2017]. 

 

2.1. Used frying fats and oils 

 

Used frying fats and oils from food industries, restaurants, canteens, 

households, etc., can be used for production of animal feed, but sold at small 

prices, and with the possibility that harmful substances produced during frying 

processes to be inserted into the human food chain. Another possibility is to be 

discarded, but compliance with the legal rules on waste disposal can be difficult 

and expensive. A much better option is to use them as raw materials for 

obtaining biodiesel. 

It is estimate that every year only the restaurants and hotels in USA 

generate over 11 bilions liters of waste cooking oils [Hajjari et al. 2017]. 

Only one fast food unit, which sells fried food (burgers, french fries, 

and fried chicken) is considered to generate every day 15 l used cooking oil. 

The huge quantities of used oils and fats produced, if discarded into 

sewage systems produce corrosion, pollution, and affects the installations used 

for waste water treatment [Abdullah et al. 2013]. 
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Used frying fats and oils have various characteristics, so it is important 

to use adequate methods for the analysis of the raw materials and of the 

obtained biodiesel. 

Due to the frying process, where the oils and fats suffer the action of 

high temperatures in the presence of air and water, their quality deteriorates. 

Thermal decomposition, oxidation, or hydrolysis reactions are involved in this 

process, leading to changes in composition and properties of the oils and fats. 

The transformations suffered are hard to determine with precision due 

to the large number of parameters that influence these processes, e.g. 

temperature and time of thermal treatment, devices used, ambient conditions, 

lipid components, other constituents, additives used, etc. 

Among the substances formed in the frying processes are found 

oxidized lipids, diglycerides, free fatty acids, oligomers, polymers, substances 

which have higher polarity than the initial oils and fats, and are possible to 

determine using a combination of adsorption and size exclusion 

chromatography. 

Same method may be used for the analysis of the obtained biodiesel. 

In many cases, analysis of used frying fats and oils showed that the limit 

of 25% polar compounds, stated in many official regulations as maximum 

accepted for the alteration of frying fats and oils for human consumption, is 

exceeded. So, used frying fats and oils have a very heterogeneous composition 

compared to crude or refined oils and fats. Determination of the new substances 

formed during the frying process is important because those substances 

influences the quality of the biodiesel, and this determination can be based on 

the polarity and molecular weight, which are different compared to the initials 

oils and fats [Hossain et al. 2018, Pukale 2013, Ruiz-Méndez et al 2008]. 

A study made with 3 used frying oils (sunflower, corn, and canola) 

revealed that some properties of the biodiesel obtained using those oils (density, 

viscosity, heating value, cloud point and pour point) are much deteriorated 

when the cooking time and temperature, and water and salt content are 

increasing [Dogan 2016]. 

It is estimated that 850 to 950 ml biodiesel can be obtained from 1 l of 

used frying oil, depending on the quality of the oil used [Bhuvaneshwar 2017]. 

The most used methods for biodiesel production are based on the 

transesterification in the presence of acid or base catalyst, in homogeneous 

processes. The advantages of these methods are mild reaction conditions, and 

less energy-consuming, but they need a good quality of raw materials to obtain 

biodiesel with good yield and quality. When degraded oils and fats are used as 

raw materials, the application of those methods for biodiesel production 

encounter problems related to the elimination of catalyst, formation of soaps, 

and high costs for the purification steps. 
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To achieve good yields, processes using base catalysts need raw 

materials containing less than 1% FFAs, and less 0.5% water, but usually waste 

oils contain 10-15% FFAs (the yellow ones), or over 15% FFAs (the brown 

ones). Consequently, pretreatments, as solvent extractions, steam distillation, 

or acid-catalyzed esterification, are necessary to prevent soaps formation and 

yield decrease. 

Processes using acid catalysts avoid these disadvantages, but require 

higher temperature, pressure, and alcohol/oil ratio, have slower reaction speed, 

and need costly equipment due to corrosion problems [Hajjari et al. 2017, Van 

Gerpen 2015, Ehsan and Chowdhury 2015, Ibrahim et al. 2015]. 

A three-step method was also tested with good yields for biodiesel 

production from waste cooking oil. First step is saponification with NaOH 

when Na salts of FFAs are produced; second step consists in treatment with 

HCl, when free FFAs are obtained; the final step is esterification of free FFAs 

using methanol, and HCl as catalyst; silica gel was used in this step as 

dehydrating agent [Uddin et al. 2013]. 

To face the problems related to the use of catalysts, a non-catalytic 

method was proposed, using supercritical methanol or ethanol, which can use 

lipids with high FFAs and water content. This method has disadvantages related 

to the high cost of equipment, and high temperature and pressure required 

[Poudel et al., Pukale 2013]. 

To overcome the problem of the heterogeneous reaction mixture, 

methods using a co-solvent have been developed. The most used solvent is 

tetrahydrofuran. The advantages of such methods are lower temperature 

required and lower reaction time, but they imply higher costs [Encinar et al. 

2016, Elkady et al. 2015, Pukale 2013]. 

Another technology proposed for manufacturing biodiesel from used 

oils and fats is a two stages method, consisting in hydrolysis, then a non-

catalytic esterification of the resulted free fatty acids [Kusdiana and Saka 2004]. 

For a better esterification, the use of solids catalyst was studied. The 

advantages associated with the use of these types of catalysts are that they are 

easy to separate from the reaction mixture, are regenerable and can be reused 

with good results. Such catalysts are exchange resins, calcium titanate, metal 

oxides, zeolites and zeotype materials [Mansir et al. 2017, Veillette et al. 2017, 

Soltani et al. 2017, Fu et al. 205, Yahya et al. 2016, Said et al. 2015]. 

Catalysts included in the solid superacids category have been also used 

with good results for the manufacturing of biodiesel from used oils and fats. 

Catalysts obtained from functionalized mesoporous silica are also used because 

of advantages related to their very large surface area and pore size, and their 

good stability and uniformity. 

Other heterogeneous acid catalysts, such as ZS/Si, SO4
2-/TiO2-SiO2, 

SrFe2O4/SiO2-SO3H, or carbon-based catalysts obtained from starch, have been 
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also tried for transformation of used fats and oils in biodiesel. Carbon-based 

catalysts have the advantages of good stability, low toxicity, easy obtaining. 

Moreover, the carbon materials may be obtained from waste biomass, thus 

contributing to the concept of “green chemistry” [Hossain et al. 2018, Tran et 

al. 2016, Fadhil et al. 2016, Ho et al. 2014]. 

Obtaining of biodiesel from used cooking oil in a very short time (10 s), 

with very good yields (99.4%), was reported using strontium oxide coated 

millimetric silica beads (a hybrid solid base catalyst), under microwave 

treatment [Tangy et al. 2016]. 

Also using a microwave heating device, biodiesel was produced from 

used cooking oil in the presence of a heterogeneous catalyst obtained from 

eggshell (a cheap and recycled waste material). Using methanol, a good yield 

(87.4%) of transesterification was achieved [Peng et al. 2018]. 

Application of microwaves in chemical processes provide more 

efficient heating, polar compounds being selectively heated, resulting greater 

local temperature than the temperature of the entire reaction mass. As a 

consequence, the reaction speed is higher, and the necessary quantity of catalyst 

is lower. The disadvantages of these methods are greater costs of equipments. 

Processes using enzymatic catalysts have some of the advantages of 

heterogeneous catalyzed processes (easier separation of products, better quality 

of the obtained biodiesel), and moreover, enzymes are most often 

environmentally friendly, and more tolerant regarding the presence of water 

and the quality of used oils and fats. The disadvantages of these methods are 

related to longer reaction time, and greater costs [Knothe and Razon 2017]. 

To obtain biodiesel from used cooking oils and fats with high water 

content, an electrolysis method was proposed [Raqeeb and Bhargavi 2015]. 

At present, most of the biodiesel producers use homogeneous processes 

with base catalysts (NaOH, KOH, alkoxides, or carbonates), due to lower 

production costs. 

Comparisons between homogeneous- and heterogeneous-catalyzed 

transesterification processes, and between acid-catalyzed and alkali-catalyzed 

transesterification processes are presented in Tables 2 and Table3. 

 

Table 2. Comparison of homogeneous- and heterogeneous-catalyzed 

transesterification reactions [Hajjari et al. 2017] 

 

 

Factors Homogeneous-

catalyzed 

Heterogeneous-

catalyzed 

Reaction rate Fast and high 

conversion 

Moderate conversion 



QUAESTUS MULTIDISCIPLINARY RESEARCH JOURNAL 

220 

Post treatment Catalyst cannot be 

recovered, must be 

neutralized leading to 

waste chemical 

production 

Catalyst can be 

recovered 

Processing 

methodology 

Mild reaction condition 

and less energy 

consumption 

Continuous fix-bed 

operation possible 

Presence of water 

and FFAs 

Sensitive/Not suitable Not sensitive/Suitable 

(water tolerance) 

Catalyst reuse Not possible Possible 

Cost Comparatively cost-

effective than the 

currently-available 

heterogeneously 

catalyzed 

transesterification 

Potentially cheaper, 

provides the high 

conversion efficiency, 

and 

becomes 

technologically 

available 

 

Table 3. Comparison of acid-catalyzed and alkali-catalyzed transesterification 

processes of waste oil to biodiesel [Hajjari et al. 2017] 

 

Transesterification 

process 

Advantages Drawbacks 

Acid-catalyzed reaction –Feasible in the 

presence of high 

levels of FFA and 

water 

–No need for 

esterification 

pretreatment 

–Fewer main 

processing units 

–Less toxic effects 

–Fewer environmental 

problems 

–Slow reaction 

–Higher temperature, 

pressure, and 

alcohol/oil ratio 

–Corrosion of 

equipment and 

environment 

contamination 

–Need to costly 

equipment with 

stainless steel material 

–Higher amount of 

methanol resulting in 

larger equipment 

volumes 

Alkali-catalyzed reaction –Lower temperature, 

pressure, and 

alcohol/oil ratio 

–Requiring 

pretreatment process 
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–Significantly higher 

reaction rate 

–Smaller equipment 

–Good corrosion 

resistance properties 

–Fewer stainless steel 

equipment 

–Without pretreating, 

low ester yield and 

by-product production 

occurs because of 

high levels of FFA 

and water 

–Occurrence of 

saponification 

 

Among the factors that influence the processes for the biodiesel production 

using waste cooking oils and fats as raw materials, the most important are 

considered to be: 

- Water content of raw materials, which will promote the hydrolysis of 

triglycerides, reducing the yields in biodiesel. Water can also deactivate the 

lipase or acids used as catalysts. Water content under 0.5% is considered 

acceptable. Water can be eliminated using thermal treatments, or dehydrating 

substances. 

- FFAs present in raw materials, which will favor the formation of soaps and 

water. FFA content should not exceed 3%. Pretreatments for esterification of 

FFAs are required if their content is too high. 

- Type of alcohol used, which influences the biodiesel yields. Most often 

methanol is used, because yields are higher compared to other alcohols, the 

final alcohol recovery is easier, the price of methanol is lower, and the viscosity 

of the obtained biodiesel is lower. Ethanol has instead the advantages of lower 

toxicity, and possibility to be obtained from renewable sources. Ethanol and 

iso-propanol have the disadvantage of forming azeotrope with water, which 

brings difficulties in the separation stages. Iso-butanol and tert-butanol can be 

used as solvents in enzyme-catalyzed processes, to avoid the inhibition of lipase 

by glicerol or methanol. 

- Alcohol/oil ratio. Increasing this ratio will increase the biodiesel formation 

yields, but a greater quantity of alcohol used will increase the production costs, 

and the difficulty of the separation and purification stages. The optimum value 

for alcohol/oil ratio depends on raw material, type of process and catalyst used. 

 

Table 4. Some successful technologies used in waste oil transesterification to 

biodiesel 

[Hajjari et al. 2017] 

 

Technology Application 

Low frequency ultrasonic 

irradiation 

Emulsification of immiscible oil and alcohol to 

enhance mixing efficiency 
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Microwave irradiation Heating reactants to the required temperature 

quickly, uniformly, and efficiently 

Static mixer Providing rigorous radial mixing by 

motionless geometric elements enclosed 

within a pipe or a column and thus bearing 

the advantages of low maintenance and 

operating costs as well as low space 

requirements 

Micro-channel 

reactors/capillary 

microreactors 

Accelerating reaction rates by improving the 

efficiency of heat and mass transfer and 

utilizing high surface area/volume 

ratio and short diffusion distance 

Oscillatory flow reactors Intensifying radial mixing and heat and mass 

transfer as well as maintaining plug flow 

condition and achieving long 

residence time, lower capital and pumping 

cost, and easier control. 

Rotating/spinning tube 

reactors 

Producing a very large interfacial contact area, 

lowering reaction time, and mixing power 

input required 

Cavitational reactors Using acoustic energy or flow energy to 

generate cavitation in which the violent 

collapse of the cavities releases large 

magnitude of energy over a small location, and 

brings about very high temperatures and 

pressures and also intensifies the mass transfer 

rate by generation of local turbulence and 

liquid micro-circulation in the reactor 

Supercritical process Catalyst elimination, shorter reaction time, and 

easier purification 

Membrane reactors Increasing the conversion of equilibrium-

limited reaction by removing some products 

from the reactants stream via the 

membrane 

Reactive distillation Providing continuous in situ product removal 

for equilibrium-controlled reactions. 

Integration of reaction and 

separation reduces capital investment and 

operating costs. 

Centrifugal contactors Integrating reaction and centrifugal separation 

into one unit. 
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- Catalyst type and concentration. Different catalyzed processes have been 

tested for biodiesel production from waste cooking oils and fats. Among base 

catalyst, NaOH gave the higher speed reaction, compared to KOH, CH3ONa, 

and CH3OK, but in some cases KOH gave better yields. If raw materials have 

great FFAs content, acid catalysts are preferred. Heterogeneous catalyst 

systems are not affected by FFAs and water content of raw materials, and are 

easier recovered from final product than homogenous catalyst systems, but 

have moderate conversions. Enzyme catalyzed processes had slower reaction 

speed, and catalyst preparation is difficult, but the separation steps are easier. 

Optimum catalyst concentrations are different, depending on raw material, type 

of process and catalyst used. 

- Stirrer speed, which influences reactions speed and yields; the optimum values 

depend on raw material, type of process and catalyst used. 

- Temperature and reaction time. Most often, reactions speed and yields grow 

with increasing temperature, and longer reaction time usually increase reactions 

yields, but optimum values for those parameters also depend on raw material, 

type of process and catalyst used. 

- pH, which is important for enzyme-catalyzed processes, because enzymes 

activity is pH dependent [Gnanaprakasam et al. 2013]. 

Efforts have been made to realize new technologies, in order to eliminate the 

disadvantages related to conventional processes used for biodiesel production, 

and achieve better reaction rate, decrease the alcohol/oil ratio, and reduce the 

energy consumption. Other goals pursued were targeted to improve the post-

reaction stages, e.g. water elimination, and glycerin, alcohol, and catalyst 

recovery. Several such technologies are presented in Table 4. 

Some properties of biodiesel obtained using the four principal waste oils and 

fats resources are presented in Table 5. 

 

2.2. Second-used cooking oils and fats 

 

Often, used cooking oils and fats (usually coming from restaurants) are reused 

for food frying (especially by street vendors), and may be considered as second-

used oils and fats. Most often, those second-used oils and fats are discarded 

without being previously treated, raising issues concerning environmental 

pollution. 

Usage of second-used oils and fats as raw materials for the production of 

biodiesel therefore brings benefits both in terms of environmental protection 

and economic advantages. Second-used oils and fats are cheap materials, and 

their use in biodiesel production spare the expenses related to treatments and 

disposal of those substances. 
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Moreover, using second-used oils and fats reduces the land areas required for 

crops providing raw materials for biodiesel production [Kawentar and Budiman 

2013]. 

The second-used oils and fats have many different properties compared to the 

initial triglycerides: advanced degree of hydrolysis (due to the presence of heat 

and water), and higher content of free fatty acids, oxidized lipids, diglycerides, 

oligomers, polymers etc., so biodiesel production process parameters need to 

be adapted to those raw materials. 

When second-used oils and fats are used as raw materials for obtaining of 

biodiesel, preliminary purification steps are required, e.g. water elimination, 

precipitation, filtration etc. [Raqueeb and Bhargavi 2015, Enweremadu and 

Mbarawa 2009, Phan and Phan 2008, Supple et al. 2002]. 

 

Table 5. Some properties of biodiesel obtained using waste oils and fats 

[Hajjari et al. 2017] 

 

Property Waste 

cooking 

oil 

Waste 

fish oil 

Waste 

poultry 

fat 

Tallow 

(lard, 

mutton, 

beef, etc.) 

Petrodiesel 

Density at 

40°C (kg/m3) 

0.87 0.86 0.87 0.86 0.82 

Viscosity at 

40°C (mm2/s) 

4.7 5 4.5 6.4 3 

Cetane number 50 51 61 59 51(Euro 

3,4,5) 

Heating value 

(MJ/kg) 

40 41.5 40 40 LHV=43, 

HHV=47 

Acid value 

(mg KOH/g) 

2 1.2 0.3 0.6 - 

Sulfur content 

(ppm) 

various - - 0.2 - 

Cloud Point 

(°C) 

20 -5 -6 -4 -5 

Pour Point 

(°C) 

16 4 -6 -5 - 

Flash Point 

(°C) 

85 - - - 50 

Short chain 

saturated fatty 

acids (C:14-

C:18) (%) 

20-45 15-30 20-35 40-60 - 



QUAESTUS MULTIDISCIPLINARY RESEARCH JOURNAL 

225 

Short chain 

unsaturated 

fatty acids 

(C:14-C:18) 

(%) 

40-80 30-60 65-80 35-65 - 

Long chain 

saturated fatty 

acids (≥C:20) 

(%) 

0-1 0-7 0-2 0-1 - 

Long chain 

unsaturated 

fatty acids 

(≥C:20) (%) 

0-1 25-40 -2-0 0-0.5 - 

LHV = Lower heating values;  HHV = Higher heating values 

 

2.3. Grease trap 

 

Presence of grease is the main reason for sewer pipe clogging, which 

lead to expensive treatments for localities and households. To avoid this 

phenomenon, grease traps are necessary to be installed in many locations, like 

food processing units, restaurants, or canteens. The consequence is 

accumulation of large quantities of grease trap waste (GTW), containing fats, 

oils, and grease (FOG), which must be treated in order not to create 

environmental problems, because in many cases GTW are discarded. 

FOG can be extracted from GTW using solvents, and then used for 

biodiesel production [Tu et al. 2016].  

In USA, around 6 kg of trap grease/person/year are produced, 

considered as waste product, so it is usually discarded at sewage treatment 

units. In other countries, China for example, local authorities have set up 

companies charged with collecting trap grease. In China’s third biggest city, 

Guangzhou, 20000 tons of trap grease/year are produced. The government has 

forbidden the use of trap grease for feeding animals, so using trap grease for 

biodiesel production became a good opportunity for valorization of those waste 

products. 

An impediment in using trap grease for biodiesel obtaining is high FFAs 

content, usually between 40% and 100%, because FOG are implied in 

hydrolysis, due to high water content and the lipases present in GTW. 

Processes for biodiesel production using base catalyst need anhydrous 

raw materials, and less than 1% FFAs content. 

A method was proposed, implying an acid catalyzed process to decrease 

FFAs content below 1%, followed by a transesterification process catalyzed by 

CH3ONa, but this method is time consuming, and implies technological 

difficulties [Tran et al. 2018, Karnasuta 2007]. 
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Methods with simpler technology were studied, using single-step acid 

catalyzed processes in which FFAs and triglycerides are transformed 

simultaneously in monoesters. Alcoholysis processes using H2SO4, Fe2SO4, 
HCl, HCOOH, CH3COOH, and HNO3 as catalysts were tried, but only H2SO4 

has proven to be effective. 

To obtain good yields, the ratio alcohol/oil must be bigger than in the 

base catalyzed processes, and moreover, water resulted from esterification 

reactions must be removed [Tran et al. 2016, Hasuntree et al. 2011, Montefrio 

et al, 2010, Wang et al. 2008]. 

Many technologies for the biodiesel fabrication based on grease trap as 

raw materials use methanol (due to its low cost) and H2SO4 as catalyst (due to 

its efficiency). 

The tests performed showed that mixtures with petrodiesel which 

contain less than 40 vol% biodiesel can be used in engines without major 

changes. 

To accomplish the biodiesel specifications, the primary obtained 

biodiesel may be purified performing a second distillation [Tran et al. 2016, 

Reşitoğlu et al. 2012]. 

 

2.4. Sewage sludge for biodiesel production 
 

Wastewaters contain a considerable quantity of chemical energy 

included in the organic compounds (mainly lipids), which is not recovered to a 

convenient extent. 

Sewage sludge is easy available and cheap. 

Lipids contained in sewage sludge can be used as raw materials for the 

biodiesel production. The sewage sludge has a high fat content, the vast 

majority produced by anaerobic bacteria. 

In the wastewater of the localities, lipids can reach a content of 40% 

from total organics, mainly represented by triglycerides, and to a lesser extent, 

by FFAs. 

Low price and high fat content are the advantages of using sewage 

sludge for the biodiesel production. 

According to the available data, sewage sludge can yield 2200 more 

lipids per weight unit than soybeans, and the price of lipids obtained from 

sewage sludge is 25 times smaller than of lipids obtained from soybeans.  

An impediment of using sewage sludge is represented by the presence 

of impurities, which may affect the course of reactions involved in biodiesel 

production. 

Another impediment in large-scale use of sewage sludge for biodiesel 

production is the need for the wastewater treatment plants to be equipped with 

systems for drying sewage sludge and for lipids extraction. But in perspective, 
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these investments can be recovered by selling lipids to biodiesel manufacturers 

[Cassiday 2018, Leiva-Candia et al. 2014, Girisha et al. 2014, Siddiquee and 

Rohani 2011, Dufreche et al. 2007]. 

In an experiment using methanol and H2SO4 as catalyst, primary sludge 
(result of the capture of suspended solids and organics in the primary treatment 

process through gravitational sedimentation) and secondary sludge (formed 

during secondary sewage treatment using microorganisms) were transformed 

in biodiesel with 14.5% and 2.5% yields, respectively. If a 10% biodiesel/dry 

mass of sludge yield is obtained, the price for the biodiesel produced using this 

method is estimated at $ 0.8/l [Mondala et al. 2009]. 

Using methanol and hexane, lipids from primary and secondary sludge 

of a municipal wastewater unit were extracted and then transformed in biodiesel 

with methanol and H2SO4 as catalyst. Best results were obtained for methanol-

extracted lipids. If a dehydrating treatment is applied, yield may be increased 

by up to 18% [Siddiquee and Rohani 2011]. 

A comparative study was made using scum, primary and secondary 

sludge from waste water as raw materials in biodiesel production. Maximum 

yield of 22.7%, for the transesterification process using methanol, was 

obtained. Methyl ester of oleic acid was found to be the main component of 

biodiesel obtained from scum sludge, and methyl ester of palmitic acid was 

found to be the main component of biodiesel obtained from primary and 

secondary sludge. Methyl esters of unsaturated fatty acids accounted for about 

60% of total esters obtained from scum sludge, more than in the case of primary 

and secondary sludge [Wang et al. 2016]. 

Other methods for exploiting wastewater, or waste sludge use 

eukaryotic photoheterotrophic (e.g. micro-algae) or heterotrophic organisms 

(e.g. oleaginous yeast) [Seo et al. 2013, Wen et al. 2013]. 

There are predictions that biofuels (including biodiesel) obtained based 

on microbial processes will be the third-generation biofuels. Manufacturing of 

those biofuels uses fats materials produced by microorganisms growing on 

organic waste, including wastewater, or on inorganic sources of carbon. 

The actual increase of global population, and the tendencies to 

urbanization and industrialization will have as a consequence a sharp increase 

of wastewater. Valorization of wastewater in the biodiesel production will bring 

important benefits, since the third-generation biofuels do not have the 

disadvantages related to the petroleum-based fuels, and first-generation 

biofuels (obtained from edible plants) and second-generation biofuels (obtained 

from inedible plants), which are considered as unsustainable on long term 

[Muller et al. 2014, Singh et al. 2011]. 
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3. Conclusions 
Growing concerns about environmental pollution, reduction of food 

resources, and raw materials prices have made the producers' attention turn to 

inedible and used oils and fats as raw materials for biodiesel production. 

Utilization of used oils and fats is an attractive option for biodiesel 

manufacturing, because of their reduced price, elimination of the costs for 

treating and discarding them, and decreasing of agricultural land needed for the 

crops used as raw materials for biodiesel production. Such waste and degraded 

oils and fats, which can be exploited as raw materials for biodiesel production, 

are used frying fats and oils, second-used oils and fats, grease trap waste, and 

sewage sludge. Waste and degraded oils and fats have many different properties 

compared to the initial triglycerides, so biodiesel production process 

parameters need to be adapted to those raw materials. 
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