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Abstract: 

 

Biodiesel is a substitute to fossil diesel fuel made from biodegradable sources such as 

vegetable oils (edible or not) or animal fats. No or small engine modification are to made in 

order to use biodiesel as a substitute of conventional diesel. In addition, biodiesel can be mixed 

with petroleum-based diesel in many proportions. The interest in using biodiesel is based on 

multiple properties, especially the reduced amount of exhaust emissions. 

The purpose of the capstone project described herein is to produce biodiesel specifically from 

animal fats available locally, namely beef fat and chicken fat. In fact, the obtained fat was 

refined in order to be characterized and used. Afterwards, trans-esterification reactions were 

run on the refined fats, namely beef tallow and refined chicken fat, to determine first the best 

catalyst that should be used. The catalysts tested were a commercial 30% sodium methoxide 

solution and 86% pure potassium hydroxide. The FFA content for each type of fat was 

determined. Then, a transesterification reaction was run with the best suited catalyst on a larger 

scale to produce a sufficient amount of biodiesel.  

This biodiesel went through a characterization process where the density, heat content, and 

FFA content were determined. In addition, a Thin Layer Chromatography test was done to 

check the purity of the produced biodiesel. Petroleum-based diesel was characterized as well, 

and compared to biodiesel. 



 

1. Introduction 

1.1. Biodiesel, an eco-friendly fuel 

Most of the motorized road vehicles throughout the world run on diesel, one of the fuels 

obtained by fractional distillation of crude oil. As a matter of fact, most of heavy duty trucks, 

buses, and cars use this fuel.
1
 The most notable advantage of diesel is its high efficiency and 

higher torque figures compared to gasoline. In addition, diesel has a higher power output with 

lower prices compared to gasoline. However, diesel engines are more pollutant. Since the 

drastically increasing use of this fuel, the world’s pollution and toxicological aspects have 

increased considerably.
1
 Diesel exhaust gases are mainly composed of: carbon dioxide, 

carbon monoxide, nitric oxide, nitrogen dioxide, sulfur oxides, and unburnt hydrocarbons.
2
 

Biodiesel on the other hand, is a promising biofuel. It is a cleaner replacement of conventional 

petroleum-based diesel; this asset can be observed for example in its particularly low level of 

carbon dioxide emissions.
1 

Biodiesel is the methyl ester of triglycerides which can be 

extracted from various sources such as vegetable oils (e.g. soybean and rapeseed), waste 

cooking oil, animal fats, etc. It can be made from these feedstocks in a number of methods but 

the most preferred one remains the basic trans-esterification reaction which will be discussed 

in the next section.  

Blends of biodiesel and conventional fossil diesel can be readily prepared, and are referred to 

by a “B” factor, a universal measure to state the amount of biodiesel in the mixture:
2
 

 B100 is 100% biodiesel. 

 B20 is 20% biodiesel, and 80% conventional diesel. 

 B5 is 5% biodiesel, and 95% conventional diesel. 

 B2 is 2% biodiesel, and 98% conventional diesel. 

A study conducted on garbage trucks in 2011, reported clear results on the comparison 

between different biodiesel blends and conventional diesel.
3
 Emission gases (NO, NO2, SO2, 

CO, and CO2) were compared separately and it was concluded that the purer the biodiesel 

used, the lesser emissions are.  

Another scientific study reported that biodiesel exhaust gases have a less harmful impact on 

human health than petroleum diesel.
1
 The authors found them to have reduced levels of 

hydrocarbons and nitrated compounds which have been identified as potential cancer-causing 

compounds.  
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Therefore, biodiesel is a good partial substitute to conventional diesel as long as the 

production means increase in order to meet the non-stopping demand on fuels. Some of the 

benefits of biodiesel are as follows:
4
 

 It does not contribute to global warming. 

 Emissions of carbon monoxide, carbon dioxide and unburned hydrocarbons from 

biodiesel are considerably lower than conventional diesel. 

 It provides a market for excess production of vegetable oil and animal fats. 

The goal of the capstone project described herein is to produce biodiesel from animal fats, 

specifically from beef tallow and refined chicken fat. Once produced, this biodiesel will be 

characterized, tested and compared with conventional diesel.  

1.2. Production of biodiesel 

Biodiesel is produced, as mentioned above, through a process called trans-esterification. It is 

illustrated in Figure 1 which shows the reaction between a triglyceride extracted from animal 

fat (beef tallow or chicken fat), and potassium hydroxide, KOH, which acts as a catalyst. The 

reaction is typically carried out at 60°C under vigorous stirring.
4 
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Figure 1:  Transesterification reaction resulting in the formation of biodiesel. 

 Typical conditions: R
1
, R

2
, R

3 
= long alkyl chains;  

 Catalyst = KOH; heat = 60°C. 

 

The R
1
, R

2
, and R

3
 groups are long hydrocarbon chains that are also called fatty acid chains. 

Once the reaction completed, two different layers are formed: a light crude biodiesel layer at 

the top and a heavier crude glycerin layer at the bottom. Glycerin, the co-product of the 

reaction, can be refined to be subsequently used in the manufacture of a variety of products 

such as soaps and pharmaceuticals among others.
5
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Figure 2 shows the simple reaction setup employed to convert refined animal fats into 

biodiesel. 

 

Figure 2: Reaction setup used to produce biodiesel from refined animal fat.  

2. STEEPLE analysis 

This project has societal and ethical implications which include the following:  

 Social and Economic:  It may help businesses of the chicken and beef industries, whether 

small or big, to raise their revenues by producing biodiesel from 

their waste fats. These businesses could alternatively generate a 

moderate income simply by selling their unexploited waste fats to a 

biodiesel producer.  

 Technological:  It could potentially develop a new technology to better valorize 

animal fats generated in the food industry as a whole and even 

households. 
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 Environmental:  It will promote the use of an unexploited renewable energy source 

that reduces greenhouse gas emissions significantly. 

 Political:  If this project is applied in the entire Moroccan food industry, it 

will help enhance the eco-friendly image of our country worldwide. 

This is especially important now given that Morocco will be 

hosting the COP22
13

 conference in November 2016. 

 Legal:  This project could be extended to many businesses in Morocco 

providing there are no legal constraints. 

 Ethical:  This project does not pose any problem in terms of ethics. 

3. Experimental results 

3.1. Equipment used and chemicals 

 All reactions were heated and stirred by using a digital stirring hotplate with external 

platinum probe. Either a VWR VMS-C7 advanced series, or a DLab MS-H280-pro. 

 Weights were measured either with a readability of 0.01g with an AND balance, model 

EK610i, or with a readability of 0.05g with a KERN balance, model KB10K0.05N, or 

with a readability of 0.0001g with an OHAUS analytical balance model AS120. 

 The centrifugation was done with a Becton Dickinson, Clay Adams centrifuge model 

420227. 

 All the temperature measurements were taken with a Hanna Instruments digital pH meter 

model HI9318. 

 The TLC plates used are made of silica gel matrix supported on plastic (polyethylene 

terephthalate) foils supplied by Fluka Analytical, model 99577-25EA. 

 The heat content measurements were done by using an oxygen bomb calorimeter supplied 

by Parr instruments, model 1341EE. 

 The methanol used was 99.5% pure and supplied by Sigma Aldrich. 

 The ethanol used was 99.8% pure and supplied by Panreac, Spain. 

 The sodium methoxide solution in methanol used had a concentration of 5.4M [30%w.] 

and was supplied by Acros Organics.  

 The potassium hydroxide used was 86% pure and supplied by Fluka Chemika, 

Switzerland. 

 The phenolphthalein used was supplied by Sargent-Welch, USA. 
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 The potassium permanganate used was supplied by Sargent-Welch, USA. 

3.2. Preparation and characterization of refined animal fats 

3.2.1. Fat refining 

The first step is to render beef fat to tallow. Beef fat obtained from a butcher’s was heated in a 

pan at 400°C for a few minutes, this step caused the pure fat (tallow) to melt, solid particles to 

remain suspended and residual water to evaporate. Subsequent filtration of the hot mixture 

over cotton afforded a clear yellow oil that solidified at room temperature to become a white, 

opaque and greasy solid. Similarly, crude chicken fat obtained directly from a chicken shop 

was refined by using the same method. It should be noted that unlike crude fats which must be 

kept refrigerated to prevent quick spoilage, the refined fats obtained can be kept at room 

temperature since they are water-free and germ-free. Figure 3 illustrates the steps required to 

perform the refining operation of beef fat.  

 
(a) 

 

     

(b)   (c) 
 

Figure 3:  Refining of crude beef fat to beef tallow. 

 (a) Chopping of crude beef fat obtained from a local butcher’s. 

 (b) Melting of the chopped pieces of fat in a pot at 400°C. 

 (c) Isolation of melted refined fat by filtration over cotton. 
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The fat contents of crude beef fat and chicken fat were found to be 75.16%w. and  

79.56%w. respectively. These figures were calculated by using the following formula: 

100
samplefatunrefined

extractedfatrefined

m

m
contentfat  

These results indicate that crude chicken fat contains an additional 4.40% of fat compared to 

beef fat. 

3.2.2. Melting point 

The next step was to determine the melting point of each of the animal fats. To do so, test 

tubes filled with refined chicken fat and beef tallow were placed inside a 900 mL beaker filled 

with water. The beaker was heated gradually and slowly to determine precisely the range of 

melting points. The average melting points of refined chicken fat and beef tallow were found 

to be 36.8 ± 0.2°C and 50.0 ± 0.3°C respectively. Again, these results show that chicken fat is 

easier to work with since it melts at a lower temperature than beef tallow. 

Figure 4 shows the simple setup used in order to determine the melting points intervals of 

beef tallow and refined chicken fat before applying heat. 

 

 Figure 4:   Setup used to determine melting points accurately.  

Left: refined chicken fat. Right: beef tallow. 
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3.2.3. Density 

For the determination of the density of beef tallow, a 500 mL graduated cylinder was filled 

with melted beef tallow; once solidified at room temperature both the volume and mass could 

be determined precisely. Then, the density was calculated and found to be 0.8979 g/mL at 

15°C. For the density of chicken fat, a 25 mL graduated cylinder was filled with melted 

rendered chicken fat; once solidified both volume and mass were measured. The density was 

found to be 0.9009 g/mL at 15°C. Note that, since the 25 mL graduated cylinder is imprecise, 

it was first calibrated with distilled water at 15°C. We can observe that the two densities are 

very similar; they differ by only 0.0030 g/mL at 15°C. 

3.3. Synthesis of biodiesel 

3.3.1. Synthesis of biodiesel from beef tallow 

The preparation of biodiesel follows the equation shown in Figure 1 (page 2). Typical 

quantities of fat, methanol and potassium hydroxide used are reported in Table 1.  

Reactant MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Beef tallow, BT 920
a
 1 40.00 43.5 

Methanol, MeOH 32.04 6 8.36  261 

Potassium hydroxide, KOH 

(86% pure) 

- 8.6%w.
b 

4.00 - 

(a) Estimated value based on the molecular weight of soybean oil. 

(b) Due to miscalculations, the amount of KOH was mistaken. 

Table 1: Quantities used to convert beef tallow into biodiesel. 

The first step is to prepare a methoxide solution by dissolving KOH in MeOH. This is done 

by dissolving 4.00g of finely crushed KOH in 8.36g of MeOH, in a capped 10mL vial fitted 

with a magnetic stir bar. The resulting suspension is stirred vigorously for about 30 min and 

filtered over cotton in a Pasteur pipette. Note that this filtration is necessary to remove small 

bits of KOH that may generate a saponification reaction. 

3.3.1.1. First attempt 

In the first attempt to synthesize biodiesel, the methoxide solution was added to the preheated 

crude beef fat at 60°C. Even though the mixture was heated progressively from 60°C up to 

200°C, solid particles did not melt. So, it was then decided to repeat the experiment with 

refined beef fat, also called tallow. 
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3.3.1.2. Second attempt 

In the second attempt, the methoxide solution was added to preheated beef tallow at 80°C. 

This led to an excessive effervescence right after the addition of the methoxide solution. This 

effervescence, presumably caused by the high temperature of the fat (80°C) and/or  a high 

difference of temperature between fat and methoxide solution (80°C vs 15°C), and/or an 

undersized flask caused the loss of about half of the reaction mixture (Figure 5). 

 

 Figure 5:  Excessive effervescence resulting from the addition of the methoxide solution to 

beef tallow at 80°C (see flask on the right). 

 

3.3.1.3. Third attempt 

Lastly, a third attempt to make biodiesel was made by carrying out the reaction at 60°C. 

Addition of the methoxide solution (at 15°C) to preheated beef tallow (60°C) caused this time 

an instantaneous solidification of the fat. Unfortunately, even raising the temperature of the 

mixture from 60°C to 100°C did not facilitate the dissolution of the fat. 

3.3.1.4. FFA content 

The result obtained in the third attempt led me to investigate about a parameter that was 

neglected so far in the composition of biodiesel: the free fatty acid content. Indeed, many 
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studies have reported that the free fatty acid content in beef tallow can be problematic above a 

limit of 1%. 

Consequently it was decided to determine the free fatty acid content of the beef tallow used. 

This is done by titrating a solution of melted fat in ethanol with a solution of KOH in ethanol. 

The purpose of using ethanol as a solvent is related to the solubility of both the analyte (fat) 

and the titrant (KOH). A very polar solvent such as water would easily dissolve KOH but not 

the fat, whereas a non-polar solvent such as hexane would dissolve the fat but not KOH. 

Ethanol is a compromise since it bears both polar and non-polar moieties. The first step is to 

prepare the KOH solution by dissolving KOH in ethanol within a 500mL volumetric flask 

fitted with a magnetic stir bar. This is accomplished by dissolving 2.77g of finely crushed 

KOH in enough ethanol to get 500mL of solution. The resulting suspension is then vigorously 

stirred and filtered over cotton and sand under vacuum. Note that it is better to use the 

filtration over cotton and sand under vacuum since we have a large volume, and the filtration 

over cotton in a Pasteur pipette would be much time consuming. Next, the KOH solution is 

titrated with a 0.1154M HCl aqueous solution in presence of 40 drops of phenolphthalein. The 

concentration of KOH was determined to be 0.0816M. 

The next step is another acid-base titration to determine the amount of FFA in the beef tallow. 

First, 10.17g of beef tallow is added to 50.0mL of EtOH and 7.5mL of phenolphthalein in an 

Erlenmeyer flask fitted with a magnetic stir bar. The suspension is heated at 70°C in a bain-

marie to ensure that the beef tallow is melted. Note that the temperature was set to be higher 

than beef tallow’s melting point (50.0 ± 0.3°C) but less than ethanol’s boiling point (78.3°C).
9
 

The warm fat solution is then titrated with the KOH solution made previously. Finally, the 

amount of FFA is determined by using the following equation: 

 
%51.0100

10
100acid) oleic (as%FFA 

3

01







sample

acidoleicKOH

sample

acidoleic

m

MmLVVC

m

m
 

Where:  

- %FFA is the percentage by weight of a specified fatty acid; in this percent case oleic acid. 

- CKOH is the molarity of the KOH ethanolic solution, 0.0816M. 

- V1 is the volume, in mL, of KOH solution added to reach the equivalence point (V1 = 2.48mL). 

- V0 is the volume, in mL, of KOH solution for the blank (V0 = 0.22mL). 

- Moleic acid is the molar mass of oleic acid, 282.46 g/mol. 
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- msample is the mass of beef tallow sample, 10.17g. 

3.3.1.5. MeONa as a catalyst 

The results obtained where surprisingly low since the amount of FFA found is lower than 

1%.
7
 Therefore, the FFA content in beef tallow should be ruled out as a cause of failure in the 

previous attempts to convert beef tallow into biodiesel. 

Consequently it was decided to run a basic transesterification reaction on the BT obtained 

(free of FFA) with NaOMe as a catalyst, and a methanol molar ratio of 6:1. The procedure 

used in these reactions is partly based on one literature article.
6
 The catalyst used is a 

commercial 30% sodium methoxide solution. The advantage of using such a solution is that it 

is water-free. Indeed, this solution is prepared by its manufacturer accordingly to the equation 

below: 

(a) 𝑀𝑒𝑂𝐻(𝑙) +  𝑁𝑎(𝑠)  →  𝑀𝑒𝑂(−) (+)𝑁𝑎(𝑖𝑛 𝑀𝑒𝑂𝐻) +  
1

2
𝐻2(𝑔)

 

However, the catalyst employed in the previous attempts to make biodiesel, was made 

accordingly to the equation below: 

(b) 𝑀𝑒𝑂𝐻(𝑙) +  𝐾𝑂𝐻(𝑠)  →  𝑀𝑒𝑂(−) (+)𝐾(𝑖𝑛 𝑀𝑒𝑂𝐻) +  𝐻2𝑂(𝑙) 

Equation (b) shows that the co-product is water, a highly detrimental compound in biodiesel 

production since it generates the hydrolysis of triglycerides and formation of soaps. 

Equation (a) shows that the co-product is hydrogen gas, a totally harmless compound in 

biodiesel production. To conclude, use of a MeONa solution is more desirable than the use of 

a KOH/MeOH solution. Table 2 shows the quantities used for this transesterification reaction. 

Reactant MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Beef tallow 920
a 

1 40.00 43.5 

Methanol, MeOH 32.04 6 8.36  261 

Sodium Methoxide, NaOMe 

(30%w.) 

- 2.34%w.
b 

3.18 - 

(a) Estimated value based on the molecular weight of soybean oil. 

(b) Based on the assumption of a 1% FFA content.
6
 

Table 2: Quantities used to convert beef tallow with FFA into biodiesel. 
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Note that the catalyst amount was calculated by using the following equation as suggested by 

the literature:
6
 (%𝐹𝐹𝐴 ∗ 0.64) + 1.7% 

The first step is to dilute the NaOMe solution in MeOH. 3.18g of sodium methoxide is 

collected with a syringe, and added to 8.36g of methanol in a 50mL beaker. The resulting 

NaOMe solution in MeOH is subsequently transferred to a 250mL round bottom flask 

containing 40.00g of BT at 60°C under vigorous stirring. Happily, no solidification of fat was 

observed upon the addition of MeONa. After one hour, there was evidence that some 

biodiesel was made since two layers were observed in the flask, the heaviest one being 

brownish (see Figure 6). When the warm mixture was transferred in a separatory funnel, 

jellification of the mixture occurred. Upon cooling, a white solid could be observed which 

yields to the conclusion that unreacted fat is still present. Therefore, we can deduce that the 

reaction did not reach completion, and a new attempt should be made with a longer reaction 

time, and a more vigorous stirring. 

 

Figure 6: Layers formed after the one-step transesterification reaction of beef tallow. 

3.3.1.6. Acid-catalyzed esterification/base-catalyzed transesterification sequence 

a) Acid-catalyzed esterification 

In order to remove FFA, an acid-catalyzed esterification reaction is run on the beef tallow to 

ensure that even its low concentration in BT is not the cause of failure of the previous 

attempts. The quantities necessary for this reaction are reported in Table 3. 
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Reactant MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Beef tallow, BT 920
a 

1 40.01 43.5 

Methanol, MeOH 32.04 30 41.80  1305 

Sulfuric acid, H2SO4 - 35%w. 14.01 - 

(a) Estimated value based on the molecular weight of soybean oil. 

Table 3: Quantities used to eliminate FFA from beef tallow. 

In a 100mL beaker, a solution of sulfuric acid in methanol is prepared by carefully adding 

14.01g of H2SO4 to 41.80g of MeOH since the reaction is highly exothermic and may cause 

excessive effervescence. The sulfuric acid solution in methanol is then transferred to a 250mL 

round bottom flask containing 40.01g of BT at 60°C under vigorous stirring. The goal of this 

reaction is to eliminate the FFA in the beef tallow by converting them into methyl esters, i.e. 

biodiesel. After one hour, two layers formed upon settling (see Figure 7), the bottom layer 

contains fat, and the top layer contains sulfuric acid, methanol, and a small amount of water 

generated by the reaction. The mixture is then transferred to a 125mL separatory funnel in 

order to collect the top layer containing fat without FFA.  

 

Figure 7: Layers formed after the acid-catalyzed esterification reaction of beef tallow. 

 

b) Base-catalyzed transesterification: 

Subsequently, a simple one-step basic transesterification reaction was run on the obtained 

beef tallow (free of FFA) with NaOMe as a catalyst, and a methanol molar ratio of 30:1, in 

order to prevent a quick jellification of glycerin. The typical quantities used in this reaction 

are shown in Table 4. 
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Reactant MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Beef tallow, BT 920
a 

1 40.00 43.5 

Methanol, MeOH 32.04 30 41.8  1305 

Sodium Methoxide, NaOMe 

(30%w.) 

- 2.34%w.
b 

3.12 - 

(a) Estimated value based on the molecular weight of soybean oil. 

(b) Based on the assumption of a 1% FFA content.
6
 

Table 4: Quantities used to convert beef tallow -free of FFA- into biodiesel. 

After diluting the NaOMe solution in MeOH, the latter was transferred to a 250mL round 

bottom flask containing 40.00g of BT at 60°C under vigorous stirring and left to rest for 17h. 

Then, the mixture was transferred into a 125mL separatory funnel and left to settle. 

Subsequently, only two layers were observed, thus indicating that no soaps were formed 

during the reaction. The top layer was extracted with a small portion of MeOH and pipetted 

out. Next, the mixture was heated at 90°C in order to evaporate MeOH. Then, it was obvious 

that biodiesel was made, but in a negligible amount compared to glycerin and unreacted fat.  

3.3.1.7. Summary 

Note that due to time constraints, no further attempts were made to produce biodiesel from 

beef tallow. Table 5 summarizes the different attempts to convert beef tallow into biodiesel. 
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Attempt 

# 

Type of 

beef fat 

FFA 

content 

Reaction conditions Result 

Catalyst MeOH T(°C) Time Comment 

1 Crude _ KOH/MeOH 

8.61%w. 

6 equ. 60 1h _ Failure 

2 Refined 

(Tallow) 

0.51% KOH/MeOH 

8.61%w. 

6 equ. 80 1h Undersized 

flask 

Failure 

effervescence 

3 Refined 

(Tallow) 

0.51% KOH/MeOH

8.61%w. 

6 equ. 60 to 

100 

1h _ Failure 

solidification 

4 Refined 

(Tallow) 

0.51% MeONa, 

2.34%w. 

6 equ. 60 1h _ Some 

biodiesel 

formed 

5 Refined 

and 

processed 

by acid 

esterificat-

ion 

≈ 0% MeONa, 

2.34%w. 

30 equ. 60 17h 2-step 

sequence 

Some 

biodiesel 

formed 

Table 5: Summary of results obtained in the conversion of beef tallow into biodiesel. 

3.3.2. Synthesis of biodiesel from refined chicken fat 

3.3.2.1. FFA content 

It has been decided to investigate the FFA content in chicken fat first since many studies 

suggest that chicken fat contains high amounts of free fatty acid, ranging between 2 to 25%
6 

whereas other studies suggest that the acceptable amount of FFA in animal fats is less than 

1%.
7
 This high amount of FFA could result in a failure during the tans-esterification reaction. 

Having in mind the failed attempts previously made with beef tallow, investigating the FFA 

content in chicken fat as a first step to produce biodiesel is therefore the best option.  

This is done by titrating a solution of melted refined chicken fat in ethanol with a solution of 

KOH in ethanol. First, the obtained KOH suspension in ethanol made previously was titrated 

with a 0.1154 M HCl aqueous solution in presence of 40 drops of phenolphthalein in order to 

verify the concentration of the suspension was not altered significantly. The concentration of 

the KOH solution was found to be 0.0810 M (down from 0.0816 M). 

Next, another acid-base titration was done to determine the amount of FFA in refined chicken 

fat. Consequently, a mixture of 20.00g of melted refined chicken fat, 50.00 mL of ethanol, 
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and 7.5 mL of phenolphthalein was prepared in an Erlenmeyer flask fitted with a magnetic stir 

bar. The suspension is heated at 60°C in a bain-marie to ensure that the chicken fat is melted. 

Note that the temperature was set to be in the range of the melting point of chicken fat (36.8 ± 

0.2°C) and the boiling point of EtOH (78.3°C).
9
 The suspension was then titrated at 60°C 

with the 0.0810 M KOH solution, as shown in Figure 8. The following equation shows how 

the FFA content in chicken fat was determined: 

 
%57.0100

10
100acid) oleic (as%FFA 

3

01







sample

acidoleicKOH

sample

acidoleic

m

MmLVVC

m

m
 

Where:  

- %FFA is the percentage by weight of a specified fatty acid; in this percent case oleic acid. 

- CKOH is the molarity of the KOH ethanolic solution, 0.0810M. 

- V1 is the volume, in mL, of KOH solution added to reach the equivalence point (V1 = 5.25mL). 

- V0 is the volume, in mL, of KOH solution for the blank (V0 = 0.25mL). 

- Moleic acid is the molar mass of oleic acid, 282.46 g/mol. 

- msample is the mass of refined chicken fat sample, 20.00g. 

 

Figure 8: Titration setup used to determine the FFA content in refined chicken fat. 
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Surprisingly, the refined chicken fat sample was found to contain only 0.57%w. of free fatty 

acids which is similar to the value obtained from beef tallow. Therefore, it was decided not to 

run a preliminary acid-catalyzed esterification reaction on refined chicken fat since the FFA 

content is not significant. 

Then, it was necessary to evaluate the best catalyst to be used for the transesterification 

reaction in order to produce biodiesel. Consequently, two transesterification reactions in two 

250mL round bottom flasks were conducted on chicken fat. The reactions were conducted 

with a commercial 30% NaOMe solution in MeOH and a KOH solution in MeOH 

respectively. 

3.3.2.2. NaOMe as a catalyst 

a) Small scale production 

Table 6 shows the quantities used in the trans-esterification reaction when using NaOMe as a 

catalyst. 

Reactant MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Refined chicken fat 920
a 

1 40.07 43.5 

Methanol, MeOH 32.04 6 8.36  261 

Sodium Methoxide, NaOMe 

(30%w.) 

- 2.34%w.
b 

3.13 - 

(a) Estimated value based on the molecular weight of soybean oil. 

(b) Based on the assumption of a 1% FFA content.
6
 

Table 6: Quantities used to convert refined chicken fat into biodiesel using NaOMe as a 

catalyst. 

 

First, 3.13g of NaOMe is collected with a syringe, and added carefully to 8.36g of MeOH in a 

capped 10mL vial. The solution is subsequently transferred to a 250mL round bottom flask 

containing 40.07g of chicken fat at 60°C under vigorous stirring. After one hour, the solution 

was transferred to a separatory funnel and left to settle. Two layers could be observed: the top 

one being crude biodiesel and the bottom one (viscous and brown), which jellified upon 

standing, being crude glycerin. The biodiesel layer was pipetted out into test tubes in order to 

be centrifuged and separated form glycerin and other impurities. Three layers formed after the 

centrifugation: biodiesel, soap, and glycerin respectively (Figure 9). Biodiesel fractions were 
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collected in one large test tube which was subsequently heated at 80°C under stirring to 

evaporate MeOH. 

 

Figure 9: Biodiesel, soap, and glycerin layers formed after centrifugation. 

  

After evaporating MeOH from the collected biodiesel, the solution was neutralized using a 

1% H3PO4 solution. Finally, it was distilled under vacuum at 320°C to remove remaining 

impurities. The sample obtained was stored in a small capped vial to be tested later on. 

The reaction reported in Table 6 was repeated to check its yield. After one hour of heating at 

60°C under vigorous stirring, the resulting mixture was left in a separatory funnel overnight. 

The following day, it was heated at 90°C to melt the jellified glycerin. The mixture was then 

left to settle and cool for five minutes. Subsequently, the bottom brown layer (glycerin) was 

separated from the top layer (biodiesel) as shown in Figure 10 (a).  

Next, 25ml of hot water was added to the funnel and the mixture was shaked vigorously in 

order to wash the biodiesel. Then, 25ml of 1% H3PO4 solution was added to the mixture to 

neutralize the solution and remove the catalyst; the funnel was again shaked vigorously, and 

the white aqueous layer formed was removed afterwards (Figure 10 (b)). This step was 

repeated 3 times until the aqueous layer remains clear. The next step was to transfer the crude 

biodiesel to an Erlenmeyer flask to be dried over sodium sulfate, Na2SO4. Subsequently, the 

mixture was filtered over cotton under vacuum to remove Na2SO4 particles.  
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(a)            (b) 

 Figure 10:  Separation and washing of the biodiesel obtained: 

(a) Layers appearing after the settling of the reaction mixture. 

(b) Layers appearing upon washing with H3PO4. 

 

Finally, 29.15g of (non-distilled) biodiesel was obtained which represents a yield of 72.86%. 

The moderate yield can be explained by the fact that the fat is not pure triglyceride, and the 

biodiesel contained in the glycerin layer removed is not collected. Due to a faulty hot plate 

that was limited to a maximum temperature of 250°C instead of 500°C, an attempt to distil 

this biodiesel was not possible. 

b) Large scale production 

Then, it was decided that the trans-esterification reaction should be repeated on a larger scale. 

First, 586.10g of RCF was poured in a 1L round bottom flask fitted with a magnetic stir bar to 

ensure vigorous stirring. The refined chicken fat with high water content is subsequently 

heated to become dry prior to use. Table 7 shows the quantities used for this trans-

esterification reaction. 
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Reactant d 

(g/mL) 

MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Refined chicken fat 0.9009 920
a 

1 586.10 43.5 

Methanol, MeOH 0.792 32.04 6 125.4  3913.86 

Sodium Methoxide, NaOMe 

(30%w.) 

0.960 - 2.34%w.
b 

47.1 - 

(a) Estimated value based on the molecular weight of soybean oil. 

(b) Based on the assumption of a 1% FFA content.
6
 

 

Table 7: Quantities used to convert refined chicken fat into biodiesel on a larger scale. 

The first step is to prepare a NaOMe solution in MeOH. 47.1g of sodium methoxide sample is 

collected with a syringe, and then diluted in 125.4g of methanol in a 250mL round bottom 

flask. The NaOMe solution in MeOH is subsequently transferred to a 1L round bottom flask 

containing 586.10g of chicken fat at 60°C under vigorous stirring. . After one hour of heating 

at 60°C under vigorous stirring, the resulting mixture is subsequently poured in a 1L 

separatory funnel to settle. Finally, the bottom brown layer (glycerin) is separated from the 

top layer (biodiesel) shown in Figure 11 (a). 

The next step is to add 375ml of hot water to the funnel and shake it vigorously in order to 

wash the biodiesel. Then, 38ml of 10% H3PO4 solution is added to the mixture to neutralize 

the solution and remove the catalyst; the funnel is again shaked vigorously, and the white 

aqueous layer formed is removed afterwards. This step is repeated 3 times until the aqueous 

layer remains clear (Figure 11 (b)). The next step is to transfer the biodiesel to a 5L 

Erlenmeyer flask to be dried over sodium sulfate, Na2SO4. Subsequently, the mixture is 

filtered over cotton under vacuum to remove Na2SO4 particles. The solution is also heated 

under vacuum in order to evaporate remaining MeOH and any residual water. 

Finally, 503.25g of non-distilled biodiesel was obtained which represents a yield of 85.86%. 

The yield has been greatly improved since the previous time where it was 72.86%. This can 

be explained by the usage of dried fat instead of wet refined chicken fat since water generates 

hydrolysis of triglycerides and formation of soaps. 
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          (a)              (b)       (c) 

 Figure 11:  Separation and washing of the biodiesel obtained on a larger scale: 

(a) Layers appearing after the settling of the reaction mixture 

(b) Layers appearing upon the last washing with H3PO4 

(c) Clean and dry biodiesel 

 

3.3.2.3. KOH/MeOH as a catalyst 

The last reaction consists in using a KOH solution in MeOH as a catalyst for the trans-

esterification reaction. The typical quantities used are reported in Table 8. 

Reactant MW 

(g/mol) 

Equivalents Quantity 

 (g) 

n 

 (mmol) 

Refined chicken fat 920
a 

1 40.01 43.5 

Methanol, MeOH 32.04 6 8.36  261 

Potassium hydroxide, KOH 

(86% pure) 

- 9.93%w.
b 

4.62 - 

(a) Estimated value based on the molecular weight of soybean oil. 

(b) Due to miscalculations, the amount of KOH was mistaken. 

 

Table 8: Quantities used to convert refined chicken fat into biodiesel using KOH/MeOH as a 

catalyst. 

The first step is to prepare a methoxide solution by dissolving KOH in MeOH. This is done 

by dissolving 4.62g of finely crushed KOH in 8.36g of MeOH, in a capped 10mL vial fitted 

with a magnetic stir bar. The resulting suspension is stirred vigorously for about 30 min and 

filtered over cotton under vacuum. Then, the suspension is transferred to a 250mL round 
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bottom flask containing 40.01g of refined chicken fat at 60°C under vigorous stirring. After 

one hour, upon cooling a large amount of white solid could be observed, presumably 

unreacted fat. It was then decided to add MeONa (3.13g) to the reaction mixture, and leave it 

under heating and stirring for an additional 60 min. However, upon cooling, the same 

solidification of unreacted fats occurred, thus indicating the failure of the reaction. 

3.3.2.4. Summary 

The production of biodiesel from refined chicken fat is a two-step process, namely the 

refining of chicken fat (yield: 79.56%), and its conversion into biodiesel (yield 85.86%). The 

overall yield is calculated to be 68.31%. Table 5 summarizes the different attempts to convert 

refined chicken fat into biodiesel. 

Attempt # Reaction conditions Result 

Catalyst MeOH T(°C) Time Comment 

1 NaOMe, 2.34%w. 6 equ. 60 1h Performed twice 

on a 40g scale 

Wet fat used 

TLC: good 

Yield: 73% 

2 NaOMe, 2.34%w. 6 equ. 60 1h Performed once 

on a 586g scale 

Dried fat used 

TLC: good 

Yield: 86% 

3 1) KOH/MeOH 

9.93%w. 

2) NaOMe, 

2.34%w. 

6 equ. 60  1h + 

1h 

_ Failure  

Table 9: Summary of results obtained in the conversion of refined chicken fat into biodiesel.  

3.4. Characterization of the produced biodiesel 

The characterization of biodiesel has to encompass many tests in order to check whether the 

product is compliant or not to European and American quality standards shown in Appendix 

A and B respectively. However, due to the lack of equipment in the chemistry lab, only four 

tests were run on the produced biodiesel; namely, TLC test, density, heat content, and FFA 

content. 
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3.4.1. Thin Layer Chromatography test 

To understand the concept of TLC, two phases have to be defined. The stationary phase 

consists of a thin layer of Silica or Alumina on a supporting material. The latter is often a 

sheet of glass or metal foil. The mobile phase consists of an organic solvent such as 

hexane/ethyl acetate.
14

 The TLC test is based on the separation principle where the separation 

depends on the affinity of compounds to the stationary and mobile phase.
14

 In other words, the 

compounds under the influence of the mobile phase travel over the surface of the stationary 

phase. During this migration, the compounds with higher affinity towards the stationary phase 

travel slowly while the others travel faster. Thus, components in the mixture are separated.
14

 

This is a simple and rapid test that is mainly used for checking the purity of mixtures and 

solutions, and identification of components.
14

 

The Thin Layer Chromatography test was run on the biodiesel obtained. The plate used is 

made of Silica gel (Polygram Sil G) on a plastic support.
10

 The size of the latter is 10cm×5cm. 

Four tiny drops were spotted on the TLC plate, one drop of non-distilled biodiesel, one of 

distilled biodiesel, and two drops of refined chicken fat. The plate is then placed in a 250ml 

beaker filled with 29ml of eluant composed of a mixture hexane/ethyl acetate 85:15. Once the 

migration of the eluant over the plate is completed, the plate is immersed in 3 jars 

consecutively.  The first one contains distilled water (in order to saturate the silica with 

water), the second one contains a 1% KMnO4 solution used for staining, and the third one 

distilled water for rinsing. The plate is subsequently left to dry on an even surface to avoid 

any cracks on the silica gel.
10
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Figure 12: TLC plate obtained. 

From the results of the TLC test, it is noticeable that slightly less impurities are found in the 

distilled biodiesel sample than in the non-distilled sample (Figure12). These impurities are 

most likely unreacted monoglycerides and diglycerides in neglected amounts.  

The retention factor (Rf) comes is very handy when it comes to identifying stains on a TLC 

plate. Every compound has its specific value depending on the eluant and/or the eluant 

concentration. The following equation shows how the Rf values in Figure 12 were calculated: 

Rf=
distance from the base line to the spot

distance from base line to the solvent front
 

Where: 

- The distance from the base line to the solvent front is 8cm. 
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- The distances in cm from the base line to the spots for biodiesel and chicken fat are [5.9, 

6.9] and [4.7, 6.2] respectively. (Note that the distances are taken from the bottom and the 

top of the spots to ensure precision). 

3.4.2. Density 

The densities of three samples of distilled biodiesel, non-distilled biodiesel, and petroleum 

diesel was determined at room temperature (16°C). The determination of the density was done 

by using a 5mL volumetric pipette and a high precision analytical balance [±0.0001g]. In 

other words, 5.00mL of the samples is measured with a volumetric pipette, transferred to a 

10mL vial tared on the high precision analytical balance, and subsequently weighed. Note that 

the density can be measured more precisely by using a hydrometer, but large volumes of each 

sample are needed for this method to work. Table 10 shows all the measurements obtained 

for each sample and the resulting densities: 

Sample Distilled biodiesel Non-distilled biodiesel Petroleum diesel 

Volume (mL) 5.00 5.00 5.00 

Mass (g) 4.2865 4.3425 4.2041 

Density (g/mL) 0.8573 0.8685 0.8408 

Table 10: Measurements and density calculations obtained for different samples. 

The density of non-distilled biodiesel complies with the European quality specifications (see 

Appendix A) which sets a range of 860-900 kg/m
3
. As expected,

 
it was found that the density 

of petroleum diesel is less than biodiesel’s
11 

(0.8685 vs 0.8408). Similarly, as expected, the 

density of the biodiesel produced is less than the density of the refined chicken fat used as a 

starting material (0.8685 vs 0.9009). 

3.4.3. Heat content 

The heat content (∆Hcomb) is measured by calorimetry. The concept of calorimetry can be 

explained by trapping the heat exiting the system, and getting a quantitative measure of it.
12

 

Water is used in the calorimeter to absorb heat since it has one of the highest specific heats 

(Cs=4.184 J/g-°C)
 12

. In fact, the water and the container are treated as one whole in order to 

account for the heat entering and exiting the container. The whole calorimeter (water + 

hardware) will have a certain heat capacity, Ccal, that is expressed in J/°C.
12

 Hence, the 
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calorimeter heat capacity is determined by using benzoic acid of a known ∆Hcomb (-26.453 

kJ/g).  

 

             (a)   

   

  (b)             (c) 

Figure 13: The bomb calorimeter used to determine heat content: 

(a) The calorimeter and the digital thermometer. 

(b) The titanium bomb used as the system. 

(c) Cross section of the bomb calorimeter. 

 

Bomb calorimetry (Figure 13 (a)) is conducted under isochoric conditions
12

 which means that 

the volume of water must be kept constant. First, a one gram sample is placed inside the 

system, which is a bomb made of titanium shown in Figure 13 (b). Then, the system is filled 

with 30 bars of pure oxygen, and placed inside the calorimeter (Figure 13 (c) 
12

). Upon the 

ignition of the system, the change in temperature (∆T) is measured by means of thermometer. 
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Note that the water inside the calorimeter is stirred to ensure a precise measurement of heat. 

Subsequently, the heat content is calculated by using the following equation: 

∆Hcomb= -
Ccal×∆T 

msample

 

Where: 

- Ccal is the heat capacity of the calorimeter in J/°C. 

- ∆T is the change in temperature in °C. 

- msample is the 1.00g of the sample placed inside the system. 

The calorimetry experiment was run on benzoic acid in order to determine Ccal of the 

calorimeter, and on four other samples to determine their heat content; namely, distilled 

biodiesel (1.00g), non-distilled biodiesel (1.00g), petroleum diesel (1.01g), and refined 

chicken fat (1.01g). For every sample, temperature was measured every minute, collected in a 

table, and subsequently plotted with respect to time to visualize the rise in temperature as time 

passed. 

 Determination of Ccal with benzoic acid: 

Table 11 and graph 1 show the data recorded during the determination of the heat capacity of 

the calorimeter by using benzoic acid. 

Time (min) Temperature (°C) 

1 13.7 

2 13.7 

3 13.7 

4 13.8 

5 14.5 

6 15.4 

7 15.8 

8 16 

9 16.1 

10 16.2 

11 16.2 

12 16.2 

13 16.2 

Table 11: Data recorded in the calorimetric determination of Ccal with benzoic acid. 



27 

 

      

Graph 1: Heating curve of benzoic acid. 

Therefore, ∆T was found to be 2.6°C, and Ccal was calculated by using the equation below:  

 ∆Hcomb=-
Ccal× ∆T 

msample
=> Ccal=-

∆Hcomb× msample 

∆T
=10.276 kJ/°C  

Thus, Ccal was found to be 10.276 kJ/°C. 

 Distilled biodiesel: 

Table 12 and graph 2 show the data recorded during the determination of the heat content of 

distilled biodiesel. 

Time (min) Temperature (°C) 

1 14.3 

2 14.3 

3 14.3 

4 14.5 

5 15.3 

6 16.5 

7 17.5 

8 17.9 

9 18.1 

10 18.2 

11 18.2 

12 18.2 

Table 12: Data recorded in the calorimetric determination of ∆Hcomb of distilled biodiesel. 
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Graph 2: Heating curve of distilled biodiesel. 

Therefore, ∆T was found to be 3.9°C, and ∆Hcomb was calculated by using the equation below:  

 ∆Hcomb=-
Ccal× ∆T 

msample
=-40.076 kJ/g 

Thus, ∆Hcomb was found to be – 40.076 kJ/g. 

 Non-distilled biodiesel: 

Table 13 and graph 3 show the data recorded during the determination of the heat content of 

non-distilled biodiesel. 
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Time (min) Temperature (°C) 

1 18.4 

2 18.5 

3 18.5 

4 18.5 

5 18.7 

6 20.6 

7 21.7 

8 22 

9 22.1 

10 22.2 

11 22.2 

12 22.2 

Table 13: Data recorded in the calorimetric determination of ∆Hcomb of non-distilled biodiesel. 

 

 

Graph 3: Heating curve of non-distilled biodiesel. 

Therefore, ∆T was found to be 3.7°C, and ∆Hcomb was calculated by using the equation below:  

 ∆Hcomb=-
Ccal×∆T 

msample
= -38.021 kJ/g 

Thus, ∆Hcomb was found to be – 38.021 kJ/g. 
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 Petroleum diesel: 

Table 14 and graph 4 show the data recorded during the determination of the heat content of 

petroleum diesel. 

Time (min) Temperature (°C) 

1 21 

2 20.9 

3 20.9 

4 20.9 

5 21.3 

6 23.2 

7 24 

8 24.9 

9 25.2 

10 25.3 

11 25.3 

12 25.3 

Table 14: Data recorded in the calorimetric determination of ∆Hcomb of petroleum diesel. 

 

 

Graph 4: Heating curve of petroleum diesel. 

Therefore, ∆T was found to be 4.4°C. Note that the graph’s irregularities could be explained 

by the imprecision of the digital thermometer probe. And ∆Hcomb was calculated by using the 

equation below:  

 ∆Hcomb=-
Ccal× ∆T 

msample
= -44.767 kJ/g 
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Thus, ∆Hcomb was found to be – 44.767 kJ/g. 

 Refined chicken fat: 

Table 15 and graph 5 show the data recorded during the determination of the heat content of 

petroleum diesel. 

Time (min) Temperature (°C) 

1 13.8 

2 13.9 

3 13.9 

4 13.9 

5 14.2 

6 15.7 

7 16.8 

8 17.5 

9 17.8 

10 17.9 

11 17.9 

12 17.9 

Table 15: Data recorded in the calorimetric determination of ∆Hcomb of refined chicken fat. 

 

 

Graph 5: Heating curve of refined chicken fat. 

Therefore, ∆T was found to be 4°C, and ∆Hcomb was calculated by using the equation below:  

 ∆Hcomb=-
Ccal× ∆T 

msample
=-40.697 kJ/g 

13

14

15

16

17

18

19

0 1 2 3 4 5 6 7 8 9 10 11 12

Te
m

p
er

at
u

re
 (

°C
) 

Time (min) 

Temperature vs Time 

∆T 



32 

 

Thus, ∆Hcomb was found to be – 40.697 kJ/g. 

3.4.4. FFA content 

An acid-base titration was done to determine the amount of FFA in non-distilled biodiesel. To 

this end, a mixture of 5.02g of non-distilled biodiesel, 50.00 mL of ethanol, and 7.5 mL of 

phenolphthalein was prepared in an Erlenmeyer flask fitted with a magnetic stir bar. Note that 

no heating was necessary since all the solutions are in liquid state at room temperature. The 

solution was then titrated with a 0.100 M KOH solution in ethanol. The following equation 

shows how the FFA content in non-distilled biodiesel was determined:  
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Where:  

- %FFA is the percentage by weight of a specified fatty acid; in this percent case oleic acid. 

- CKOH is the molarity of the KOH ethanolic solution, 0.100M.  

- V1 is the volume, in mL, of KOH solution added to reach the equivalence point (V1 = 4.26mL). 

- V0 is the volume, in mL, of KOH solution for the blank (V0 = 0.10mL). 

- Moleic acid is the molar mass of oleic acid, 282.46 g/mol. 

- msample is the mass of non-distilled biodiesel sample, 5.02g. 

The FFA content measured, 0.23%, corresponds to an acid value of 0.11 mg KOH/g 

(0.23÷1.99). This result is well below the European (Appendix A) and American (Appendix 

B) specifications which both set a maximum limit for acid value of 0.50 mg KOH/g. 

The FFA content of distilled biodiesel could not be measured due to the small amount at 

disposal.   

4. Conclusion 

Biodiesel is a renewable source that needs to be further developed. In this capstone project, 

the focus is the production of biodiesel from animal fats, namely beef tallow and chicken fat.  

The crude fats employed in this project were provided by a local butcher’s and a local chicken 

shop. However it turned out that they cannot be used as is in biodiesel production; rather they 

need refining which consists simply in melting, filtering, and drying them. Fats obtained 

locally were successfully refined and characterized. The melting points and densities of the 

refined fats were found to be: 36.8 ± 0.2°C and 0.9009 g/mL for refined chicken fat, and 50.0 
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± 0.3°C and 08979 g/mL for beef tallow. Once these the fats were refined, synthesis of 

biodiesel commenced.  

The production of biodiesel from beef tallow using KOH as a catalyst resulted in many 

failures mainly due to: solidification upon cooling, effervescence due to an undersized 

reaction vessel, and miscalculations. Subsequently, the FFA content of beef tallow was 

determined to be 0.51% which is surprisingly low. More attempts were made by using 

MeONa as a catalyst, namely a one-step base-catalyzed transesterification and a two-step 

acid-catalyzed esterification/base-catalyzed transesterification, that resulted in the production 

a negligible amount of biodiesel compared to glycerin and unreacted fat. On the other hand, 

the production of biodiesel from refined chicken fat required fewer attempts, and resulted in 

much better results. The FFA content of refined chicken fat was determined to be 0.57% 

which is also fairly low. The synthesis of biodiesel on a small scale resulted in a yield of 73%, 

and on a large scale with a yield of 86%. The overall yield to convert crude chicken fat into 

biodiesel was found to be 68%. 

The characterization of the biodiesel obtained consisted of four tests: the TLC test, density, 

heat content, and FFA content. The results of the TLC test were satisfying since the biodiesel 

produced turned out to be a very small amount of impurities. The results of the density tests 

made sense since the density of distilled biodiesel was found to be less than one of the non-

distilled sample. The results obtained comply with the European quality specifications. The 

heat content results were within the norms. Indeed, as expected, petroleum diesel has the 

highest heat capacity among the tested samples, then chicken fat, distilled, and non-distilled 

biodiesel. Finally, an acid-base titration was done on the non-distilled biodiesel sample to 

determine its FFA content. The results obtained showed a negligible amount of FFA (0.23%) 

in the non-distilled sample. The FFA content of distilled biodiesel could not be measured due 

to the small amount of sample produced.   

To conclude, the findings discussed in this report are very encouraging since they can be used 

to implement the technology of biodiesel production from waste/unused animal fats to the 

whole food industry in Morocco. Such an implementation would benefit farmers, food plants, 

chicken shops and the like from a financial point of view; equally it would benefit the country 

and society from an environmental point of view. 
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Appendix A: EN14214 quality standards for biodiese 

Parameter 

 

Method Limits Units 

Ester content DIN EN 14103 ≥ 96.5 % w. 

Density at 15°C DIN EN ISO 12185 860-900 kg/m
3
 

Viscosity at 40°C DIN EN ISO 3104 3.5-5.0 mm
2
/s 

Flash point DIN EN ISO 3679 ≥ 120 °C 

Cold Filter Plugging Point  DIN EN 116 - °C 

Sulfur DIN EN ISO 20884 ≤ 10 ppm 

Organic matter (10%) DIN EN ISO 10370 ≤ 0.3 % w. 

Octane IP 498 ≥ 51.0 - 

Sulfur ash ISO 3987 ≤ 0.02 % w. 

Water DIN EN ISO 12937 ≤ 500 ppm 

Total contamination DIN EN 12662 ≤ 24 ppm 

Copper corrosion DIN EN ISO 2160 n
o
 1 grad corrosion 

Oxidation stability (110 °C) DIN EN 14112 ≥ 6 hours 

Acid number DIN EN 14104 ≤ 0.5 mg KOH/g 

Iodine number DIN EN 14111 ≤ 120 g iodine / 100 g 

Linolenic acid methyl ester DIN EN 14103 ≤ 12.0 % w. 

Methanol DIN EN 14110 ≤ 0.20 % w. 

Free glycerol  ≤ 0.020 % w. 

Mono – glycerides  ≤ 0.80 % w. 

Di – glycerides DIN EN 14105 ≤ 0.20 % w. 

Triglycerides  ≤ 0.20 % w. 

Total glycerol  ≤ 0.25 % w. 

Phosphorus DIN EN 14107 ≤ 10.0 ppm 

Metals I (Na + K)  ≤ 5.0 ppm 

Metals II (Ca + Mg) DIN EN 14538 ≤ 5.0 ppm 

http://www.bartec.de/homepage/deu/20_produkte/190_analysengs/s_20_190_20.asp?ProdID=602
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Appendix B: ASTM D6751 quality standards for biodiesel 

Parameter 

 

Method Limits Units 

Flash point, closed cup ASTM D93 ≥ 93 °C 

Water and sediment ASTM D2709 ≤ 0.05 % v. 

Kinematic viscosity at 40°C ASTM D445 1.9 - 6.0 mm
2
/s 

Sulfated ash ASTM D874 ≤ 0.02 % w. 

Sulfur ASTM D5453 S15 grade :   ≤ 0.0015 % w. 

  S500 grade : ≤ 0.0500 

Copper strip corrosion ASTM D130 n
o
 3 max - 

Alcohol content  

(one of the following must be met) 

   

          Methanol Content EN 14110 ≤ 0.20 % v. 

          Flash Point, Closed Cup D93 ≥ 130 °C 

Cetane number ASTM D613 ≥ 47 - 

Cloud Point ASTM D2500 -
a
 °C 

Carbon residue ASTM D4530 ≤ 0.05 % w. 

Acid number ASTM D664 ≤ 0.50 mg KOH/g 

Free glycerin ASTM D6584 0.02 % w. 

Total glycerin ASTM D6584 0.24 % w. 

Phosphorus ASTM D4951 ≤ 10 ppm 

Vacuum distillation end point ASTM D1160 360 °C 

Oxidation stability EN 14112 ≥ 3 hours 

Calcium & Magnesium 

(combined) 

EN 14538 ≤ 5 ppm 

(a) Must be reported to customer 

 


