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Biodiesel, a mixture of fatty acids alkyl esters shows properties, which make it a feasible substitute for fossil diesel.
Biodiesel can be produced using different processes and different raw materials. The most common, first
generation, biodiesel is produced by methanolysis of vegetable oils using basic or acid homogeneous catalysts.
The use of vegetable oils for biodiesel production raises serious questions about biodiesel sustainability. Used
cooking oils and animal fats can replace the vegetable oils in biodiesel production thus allowing to produce a more

sustainable biofuel.

biodiesel vegetable oils animal fats

| 1. Biodiesel

Biodiesel, a mixture of alkyl esters produced of fatty acids is highlighted out as a feasible renewable and low
carbon substitute of fossil diesel for the transportation sector . Biodiesel can be used pure or blended with
petroleum diesel due to its complete miscibility. Biodiesel blends are referred to as Bxx, where the xx indicates the
amount of blend. Thus, B100 corresponds to pure biodiesel, and a B80 blend is 80% biodiesel and 20% petroleum

diesel by volume.

Worldwide Europe is the main producer of biodiesel as a result of the environmental policy (Figure 1). Diverse
feedstocks can be employed in biodiesel production. Nowadays biodiesel worldwide production is still dominated
by vegetable oils: soybean, rapeseed, and palm oil. In the USA the main raw material used is soybean oi, with a
52% share of total biodiesel feedstocks, followed by canola oil and corn oil with 13% each 2. In Europe, rapeseed
oil was the major feedstock used, with 45% of the total production in 2017, followed by used cooking oil (UCQO) with
21% and palm oil with 18% [l For example, in Portugal, rapeseed is the main vegetable oil used, followed by

soybean oil.
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Figure 1. World ethanol and biodiesel production from 2008 to 2018 (vertical axis in million tonnes oil equivalent)
4]

| 2. Advantages and Disadvantages

The major benefits of using biodiesel as a replacement for diesel fuel are BIEITIE.
@ Biodegradability;

® Non-flammable and low toxicity;

® Safer to handle;

@ Higher combustion efficiency, portability, availability, and renewability;
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@ Higher cetane number and flash point;

® Lower emissions such as CO,, CO, SO,, particulate matter (PM) and hydrocarbons (HC) compared to diesel;
® May be blended with diesel fuel at any proportion;

@ No required engine modification up to B20;

® Excellent properties as a lubricant.

There are also some disadvantages of using biodiesel that must be taken into consideration:
@ Lower calorific value;

@ Higher pour and cloud point fuel,

@ Higher nitrous oxide (NOx) emissions (in some cases);

@ Higher viscosity and less oxidative stability;

@ Biodiesel is corrosive to copper and brass;

® May degrade plastic and natural rubber gaskets and hoses when used in pure form;

@ Biodiesel causes excessive engine wear.

The main restriction for biodiesel commercialization is its higher cost in comparison to petroleum fuel. Raw

materials price represents 70-95% of the total production cost [,

| 3. Transesterification

Biodiesel is produced by transesterification of triglycerides with short-chain alcohols in the presence of a catalyst.
Due to the reversibility of the reaction, it is necessary to use an excess of alcohol to drive the reaction equilibrium
(20 However, the transesterification reaction can be done without a catalyst through supercritical process reactions
(L1 This process consists of three consecutive reversible reactions where triglycerides are converted into
diglycerides, diglycerides are converted into monoglycerides and finally, monoglycerides are converted into

glycerol. In addition, for each glyceride that reacts the formation of an ester (biodiesel) molecule occurs 22,

Various parameters affect the transesterification reaction. In order to produce biodiesel that meets the standard

quality parameters, production processes must be optimized 131, The most relevant, processual and quality,
parameters are [231[14][15]:
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(1)Free fatty acids, moisture and water content.
(2) Type of alcohol and molar ratio employed.
(3) Type and concentration of catalysts.
(4)Reaction temperature and time.

(5)Rate and mode of stirring.

(6)Purification process of the final product.
(7)Mixing intensity.

(8)Effect of using organic co-solvents.

(9) Specific gravity

Glycerol, also known as glycerin (commercial term, purity > 95%), is a by-product of transesterification reactions.
About 1 kg is produced for each 10 kg of biodiesel 18, Glycerol is a nontoxic, edible and biodegradable compound
used as a raw material in different industries, such as pharmaceuticals, cosmetics, tobacco, textiles or foods [16](17],
Due to its commercial value, in transesterification reaction beyond the biodiesel quality it is also important to obtain

glycerol with high purity.

| 4. Alcohol Used

In biodiesel production, different alcohols can be used, such as methanol, ethanol, propanol or butanol 18, The
most commonly used are methanol and ethanol, and the reaction product produced when methanol is used is
called a fatty acid methyl ester mixture (FAME) whereas if the alcohol is ethanol, the product obtained is a fatty
acid ethyl ester mixture (FAEE) 18],

The mild reaction conditions needed, the fast reaction time and the easy phase separation combined with its low-
cost and industrial availability make the methanol the most used alcohol in biodiesel production 28231 However,
the use of this alcohol presents some drawbacks. Methanol is more toxic, volatile and has a lower oil dissolving
capacity than ethanol. Although methanol can be obtained from biomass gasification, this alcohol is majorly
produced from a fossil sources, about 90% from natural gas. Thus, the biofuel produced by methanolysis is not

considered fully renewable biodiesel 29,

Besides, ethanol is made from agricultural products such as potatoes, grain, and corn, allowing this way the
production of a renewable fuel 21, Due to the extra carbon atom, the FAEE produced has a cloud and pour point

lower than FAME, which allows the engine to start low temperatures 22, The combustion heat and the cetane
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number are higher and the storage properties of FAEE fuel are also improved 2. The main drawbacks of
ethanolysis in biodiesel production are its lower reactivity, compared with methanol, as well as the more difficult

separation of FAEE from the coproduced glycerin due to their higher miscibility (23],

Many studies have been carried out to compare the effect of methanol and ethanol on biodiesel production from
different feedstocks 2412311261271 A|| achieved results reported that the yield obtained by ethanolysis is lower and
more time is needed to complete the reaction than for methanolysis. The separation of FAEE from glycerin is also
more difficult. Nevertheless, it allows achieving a completely renewable biodiesel. Although several alcohols can be

used to produce biodiesel, so far European Union legislation only covers FAME.

| 5. Feedstocks

As mentioned before several feedstocks can be employed in biodiesel production such as vegetable oils (edible
and non-edible), waste cooking oils, animal fats and algae oils 28, The chemical structure is similar in vegetable
oils and animal fats, mainly composed by triglycerides with a smaller fraction of diglycerides and monoglycerides
¥, Triglycerides (Figure 2) are formed by one molecule of glycerol combined with three molecules of saturated or

unsaturated fatty acid.

Fatty acids Glycerol
Figure 2. Triglyceride 22,

Both feedstocks are water-insoluble, hydrophobic and soluble in nonpolar organics solvents [, The main
differences between them are the varied distributions of fatty acids and the high free fatty acids (FFA) content in
the fats.

Animal fats and greases, at room temperature, tend to be solid due to their high content of saturated fatty acid
(carbon-carbon single bond), oils are generally liquids. Refined oils have less FFA, lower acid value, than animal

fats, waste grease and waste oils [,
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Based on their feedstock, biodiesel can be classified into three categories: first, second and third generation:

First generation refers to biodiesel derived from edible vegetable oils. The most commonly used are rapeseed,
palm, soybean, coconut, peanut, and sunflower B9, The vegetable oils are widely available and relatively easier to
convert into biodiesel. However, the use of edible vegetable oils in the production of biofuel raises several ethical
issues. Edible vegetable oils come from food crops. The use of arable land, water, and fertilizer in “growing fuel”

instead of food not only affects the food price but also sustainability issues B9,

Furthermore, even if the total amount of edible oils available was used in the production of biodiesel, it was not
enough to meet today’s diesel requirements. These concerns ally with the double counting of biofuels produced

from wastes, which have led to an increasing search for more sustainable feedstocks.

Second generation biofuels are biodiesels derived from non-edible crops or feedstocks that have already fulfilled
their food purpose such as waste oily streams from the oil refinery, waste cooking oils (WCOs), greases and waste
animal fats (WAFs) B, The non-edible crops can be grown on lands that cannot be used for arable crops that
have a lower necessity of water or fertilizer to grow, making their plantation more economic 1. The WCO refers to
vegetable oils or animal fats that had been heated and used for cooking different types of food. During this
process, various chemical reactions occur such as hydrolysis, polymerization, and oxidation modifying the physical
and chemical properties of oil/fat 32, Recycled fats, based on their FFA level, can be divided as yellow or brown
grease. The yellow greases have a FFA level of less than 15% while, brown has more than 15% 32, The second
generation also includes WAFs or rendered animal fats, this topic will be explored in the next chapter. The use of
these less expensive feedstocks reduces the production costs and reuse wastes, without competing with the food

market [3l. The prices of feedstocks are unstable.
Third generation are the biodiesels derived from algal biomass.

Independently of the feedstock category used, the physical and chemical properties of the biodiesel are the same
134]

Animal Fats

Biodiesel production can be also done with animal fats as raw materials such as tallow, lard, poultry fat and fish oils
(Figure 3) . Animal fats are wastes or by-products that came from animal meat processing industry and

carcasses of livestock, with relatively low prices.
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Figure 3. Tallow, lard, fish oil, and poultry fats.

In the European Union the regulation (EC) No 1069/2009 and No 142/2011 lays down health rules as regards
animal by-products and derived products not intended for human consumption. These materials can be

categorized into three specific categories considering the perceived level of risk to public and animal health [£2!:
Category 1 (high risk):

v Specified Risk Material (SRM) linked with the transmission of TSEs (Transmissible Spongiform

Encephalopathies), this includes the spinal cord and brain.
v Fallen stock with SRM
v Catering waste
v Anything handled with Category 1
Category 2:
v Material not fit for human consumption and posing a risk to animals and humans
v Fallen stock without SRM

Category 3 (lowest risk):
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v Fit for human consumption at the point of slaughter

Fats are recovered from waste fat tissues by the rendering process. This process depends on the risk category and
to prevent contamination between different categories of waste and different species, all processing is done on

separated lines 22,

Many types of rendering are used in the industry. All of them involve the application of heat, the extraction of
moisture, and the separation of fat [28l. The fat can mainly be recovered from wet or dry rendering. In wet rendering
(Figure 4), the fat is recovered by heating in the presence of water. Boiling in water and/or steam at a high
temperature can be employed [B8IE7l The color of the fat produced by this process is clearer. The free fatty acid

content increases due to the long contact with water 28],

FATTISSUE STEAM
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Filter STIC KWATER WET GREAVES
TANK |
STORAGE AT v v
DRYER OR BIOGAS DRYER OR FREEZER

Figure 4. Wet rendering 7],

In dry rendering (Figure 5), in either batch or continuous processes, the fat tissues are cooked in their “own juices”

with dry heat 7,
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Figure 5. Dry rendering 281,

There is no rule when and where wet or dry rendering is ideal, but it can be observed that the lard and tallow from
wet rendering are better than from dry rendering B4 The rendering process may also be done using an organic

solvent.

Usually, fats are further used in food, pet foods, feed applications but can also be transformed into soaps and
oleochemicals (Figure 6), depending on the risk category B9 All fats can be employed as feedstocks in biodiesel
production.

Skins 2%

Petfood 11%

Rendering 27%

Edible fat /l

processing 4%  Gelatine
production 6%

Meat 50%
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Figure 6. Estimated utilization of slaughtered animal (by % weight) 8],

6. Biodiesel Production from Animal Fats Versus Vegetable
Oils

In terms of emission of pollutant gases, the advantages of replacing diesel with biodiesel produced from animal fats
or obtained from vegetable oils are similar, since the emissions from burning generate similar results. However,
Wyatt et al. have reported that three animal fats-based B20 biodiesel blends obtained from lard, beef tallow and

chicken fat had lower nitrogen oxide (NOx) emission levels than B20 blend produced from soy oil 29,

In comparison with biodiesel from vegetable origin, biodiesel from animal fats has several advantages. Due to its
lower content of unsaturated fatty acids, biodiesel produced from animal fats has a higher cetane number than
biodiesel from the most vegetable oils and diesel fuel 228 The cetane number increases with the increment of
fatty acid carbon chains and the increase in degree of saturation 2. A higher cetane number is recognized to
lower NOx emissions (28] Biofuel from animal fats has also a higher calorific value 28], A nonconsensual issue is
the oxidative stability of animal-based biodiesel. Some authors claim that animal fat-based biodiesel is less stable
for oxidation due to the absence of natural oxidants as compared to biodiesel from vegetable oil 221431144 On the
other hand, others, claim that from the content of saturated fatty acid, the addition of animal fat improves the
oxidative stability of biofuel (28143146 Feedstocks rich in polyunsaturated fatty acids are more susceptible to
oxidation, due to the presence of double bonds in the chains, than feedstocks rich in saturated or monounsaturated
fatty acids 42,

Pereira et al. evaluated the effect of blending vegetable with animal-based biodiesel on the oxidative degradation
of this biofuel. The authors reported that blends of soybean/beef tallow biodiesel presented a higher oxidative
stabilities in comparison with soybean biodiesel 28!, Wyatt et al. also reported that the oxidative stability of biofuel
from lard, beef tallow, and chicken fat is equivalent or better than soybean biodiesel (49 However, Sendzikiene et
al. (281 showed that biofuel from animal fats such as lard and tallow is less stable for oxidation than rapeseed and
linseed oil. Fuel produced from fats has also some disadvantages, such as the higher cold filter plugging point
(CFPP) due to a significant content of saturated fatty acids 42431441 The CFPP refers to the lowest temperature at
which a given volume of liquid fuel will still flow through a specific filter in a specified time when cooled under

certain conditions 42, This is an important property to cold temperature countries.
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