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Abstract 

 

The main objective of this work is the development of laboratories procedures, to 
elaborate a quality control for Biodiesel. This work resulted of the period of training carried 
through in Sunergy Energias Renováveis, S. A.. 

These laboratories procedures had allowed that it was understood what it was occur in 
the different phases of the process and, when it was necessary, they had allowed taking 
corrective and preventive measures, to get a better final product. It equally allowed controlling 
the specifications of the oil, as well as initiating the quality control of the final product.  

However, some analyses had not been implemented, for two reasons: material lack or 
because that one was damaged. 

For the same sample it was made analyses in the laboratory of the Sunergy Energias 
Renováveis, S. A. and another one in INETI. 

Of the implemented methods, the one who presents a relative bigger error was the 
Soap value 22,2%, while the minor was Density 0,36%. The Acid value presents an error of 
11,11%, while Viscosity presents an error of 10,88%. 
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Introduction [1],[2] 

The development of the diesel engine and biofuels run concurrent in their history, 
weaving a story of technological advancement and political and economic struggle. The story of 
the diesel engine is the more technological aspect of this history, but it becomes easy to see 
how the political and economic aspects of biofuels impacted its evolution. 

Diesel demonstrated his engine at the Exhibition Fair in Paris, France in 1898. This 
engine stood as an example of Diesel's vision because it was fueled by peanut oil - the 
"original" biodiesel. He thought that the utilization of a biomass fuel was the real future of his 
engine. He hoped that it would provide a way for the smaller industries, farmers, and 
"commonfolk" a means of competing with the monopolizing industries, which controlled all 
energy production at that time, as well as serve as an alternative for the inefficient fuel 
consumption of the steam engine. As a result of Diesel's vision, compression ignited engines 
were powered by a biomass fuel, vegetable oil, until the 1920's and are being powered again, 
today, by biodiesel. 

It was also during the 1920's that diesel engine manufacturers created a major 
challenge for the biofuel industry. Diesel engines were altered to utilize the lower viscosity of the 
fossil fuel residue rather than a biomass based fuel. The petroleum industries were growing and 
establishing themselves during this period. Their business tactics and the wealth that many of 
these "oil tycoons" already possessed greatly influenced the development of all engines and 
machinery. The alteration was first step in the elimination of the production structure for 
biomass fuels and its competition as well as the first step in forcing the concept of biomass as a 
potential fuel base into obscurity, erasing the possibilities from the public awareness. 
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With the continued raising price of the petrol oil barrel and the raising of the ambient 
pressure, the interest in biofuel grows fast and also the production. The quality control of the 
biofuels its fundamental to control the final product and to keep all the diesel engines working as 
expected without problems. 

All the parameters of the standard EN 14214 must be met to avoid problems in diesel 
engines, like: 

 
Table 1: Parameters and problems/effects of using biodiesel with bad quality [3], [4] 

Parameters Problems/Effects 
Density Incorrect injection amount of fuel 

Increases the emission pollutants 
Loss of power and increase consumption of fuel 

Viscosity Increase the maximum pressure of the entry fuel 
Decrease the fuel rate - fuel flow problems 
Incorrect injection - incorrect combustion in the combustion 
chamber 
Wear of the pump injector body 
Fuel pump failure 

Flash Point  
And Methanol 

Premature ignition 
Irregular timing 
Excessive fuel blow 
Filters and injector clogging in cold climates  
Excessive emissions 

Sulfur Emissions problems 
Carbon Residue deposits in the engine 
Copper strip corrosion Corrosion of all components 
Acid Value Strong solvency effect on rubber seals and hoses in the engine 

Can clog the fuel filter or drop fuel pressure 
Iodine Value Make a layer of resin in different parts of the engine and pumps 
Oxidation stability Filter Plugging 
Free & Total Glycerin High glycerin may separate out in storage, plugging pumps and 

filters 
Can also contribute to dirty injectors, thus causing poor 
combustion conditions 
Formation of coke 

Phosphorus, Potassium, 
Sodium, Calcium, 
Magnesium 

Phosphorus can poison catalytic converters, rendering them 
ineffective 
It can also create hard deposits on piston crowns, valves and 
injectors, affecting the engine performance and reliability 
Sodium and Potassium may form abrasive solids or metallic 
soaps which may cause abrasion and filter plugging 

Water & Sediment Poor ignition 
Filter clogging 
Fuel pump problems can be the result 

 

If we want that biodiesel met the standard EN 14214, than we have to control all the 
parameters of the oil that we can, and that can influence the final quality of the biodiesel. 
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Results and Conclusions 
 
We have made internal and external analyses of biodiesel and oil samples. 
 
 
Density 
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 Figure 1: Relative density history for biodiesel produced by Sunergy 
  

In the last figure, the green lines are the higher and lower value of the standard EN 
14214. All the samples are according with the standard EN 14214.  
 
  Table 2: History of relative density for oil 

Day Density Type Supplier 
07-06-2007 0,917 Raw soybean oil Bunge 
14-06-2007 0,920 Raw soybean oil Oleocom 
21-06-2007 0,918 Raw soybean oil Oleocom 
26-06-2007 0,917 Raw soybean oil Oleocom 
22-06-2007 0,916 Used cooking oil --- 
31-07-2007 0,920 Raw soybean oil Oleocom 
09-08-2007 0,918 Used cooking oil --- 

 
 
 How we can see in table 1, the oils tested are slightly below the value expected     
0,919-0,925, but these values are for soybean oil for feeding. Those values are just a reference.   
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Viscosity 
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Figure 2: Viscosity history for biodiesel produced by Sunergy 

 
 The results of viscosity allowed adjusting the reaction time, and with this adjust, the 
results are according with the standard EN 14214.  

With the acquisition of new resistance to the pre-heating tank and with the values of the 
table below, it was possible to adjust the reaction time required to obtain a biodiesel with the 
viscosity within the standard. 

 
 
Table 3: Viscosity in different parts of the process 

Day Viscosity Type Supplier 
04-04-2007 4,33 +/- 0,13 cSt Biodiesel – 15 min of reaction time  Sunergy 

23-07-2007 3,58 +/- 0,11 cSt Biodiesel – cooling tank, ½ height Sunergy 
 

 

Acid Value 
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Figure 3: Acid value history for biodiesel produced by Sunergy 
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In the last figure, the green line is the higher value of the standard EN 14214. All the 

sample
d for an ion exchange resin and the acid 

value o

Table 4: Acid value history for oil 

s are according with the standard EN 14214. 
We test a biodiesel sample that had passe

f the biodiesel had not change.  
 

Day Acid Value Type Supplier 
09- 07 0,23 +/- OH/Kg Raw soyb  03-20 0,01 mg K ean oil Bunge 
12-03-2007 0,18 +/- 0,01 mg KOH/Kg Raw soybean oil O  leocom
29-03-2007 0,23 +/- 0,01 mg KOH/Kg Raw soybean oil Bunge 
13-06-2007 0,15 +/- 0,01 mg KOH/Kg Raw soybean oil O  leocom
21-06-2007 0,15 +/- 0,01 mg KOH/Kg Raw soybean oil Oleocom 
21-06-2007 0,04 +/- 0,01 mg KOH/Kg Used Cooking Oil --- 
21-06-2007 0,14 +/- 0,01 mg KOH/Kg Oil seeds of yellowhorn --- 
26-06-2007 0,22 +/- 0,01 mg KOH/Kg Raw soybean oil Bunge 
05-07-2007 0,21 +/- 0,01 mg KOH/Kg Raw soybean oil Bunge 
19-07-2007 0,47 +/- 0,01 mg KOH/Kg Oil seeds of moringa --- 
31-07-2007 0,19 +/- 0,01 mg KOH/Kg Raw soybean oil Ole m oco
09-08-2007 0,16 +/- 0,01 mg KOH/Kg Used Cooking Oil --- 
26-07-2007 0,30 +/- 0,01 mg KOH/Kg Oil seeds of mamoneira --- 

 
We can conclude that the used cooking oil have a acid value similar to soybean oil, 

receive

We can conclude that it will be possible to use oil seeds of yellowhorn without spending 
addition

 

Soap Value 

Figure 4: Soap value history for biodiesel produced by Sunergy 

d by Sunergy, or significantly lower, so for these parameters, the used cooking oil may 
be used in the production of biodiesel, and the amount of catalyst used in the reaction can be 
lower. 

al catalyst. If we want to use the oil seed of moringa oleifera or mamoneira it will be 
necessary expend additional catalyst. 
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How we can see in the last figure, all the samples are outside the standard EN 14214. 
The solution to keep theses values according to the standard EN 14214 has design an ion 
exchange column to use resin from Purolite or Amberlite. Other solution like washing or 
magnesol can be used, but we think this is the best option. We have analyzed external samples 
that use 2-4 washes in their process and the samples are according the standard EN 14214. 

 

Table 5: Soap history in different parts of the process 

Day Soap Type Supplier 
19-03-2007 1059 +/- 25 ppm Na Biodiesel – Cold splitting – Botton sample Sunergy 
20-03-2007 35 +/- 1 ppm Na Biodiesel – Before passing through the resin Sunergy 
20-03-2007 17 +/- 1 ppm Na Biodiesel – After passing through the resin Sunergy 
23-03-2007 7 +/- 1 ppm Na Biodiesel – Cold splitting Sunergy 
23-03-2007 8402 +/- 201 ppm Na Glycerin  Sunergy 
24-03-2007 38 +/- 1 ppm Na Biodiesel – Cooling Tank after 10-15min of reaction  Sunergy 
02-05-2007 177 +/- 5 ppm Na Biodiesel – Top of the tank Sunergy 
14-06-2007 0 +/- 1 ppm Na Biodiesel – 2 passages in resin Sunergy 
18-06-2007 20 +/- 1 ppm Na Biodiesel – Stirred with resin 1 hour Sunergy 
18-06-2007 18 +/- 1 ppm Na Biodiesel – Stirred with resin 4 hours Sunergy 
19-06-2007 16 +/- 1 ppm Na Biodiesel – Stirred with resin 4h + 17h of rest Sunergy 
25-06-2007 308 +/- 7 ppm Na Biodiesel – Purge Sunergy 
25-06-2007 192 +/- 5 ppm Na Biodiesel – Purge Sunergy 
10-07-2007 13 +/- 1 ppm Na Biodiesel 91ppm-> 20%Water + 5 Dec. days Sunergy 
30-07-2007 7 +/- 1 ppm Na Biodiesel – Cold splitting Sunergy 
30-07-2007 0 +/- 1 ppm Na Biodiesel – Cold splitting and wash Sunergy 
30-07-2007 17 +/- 1 ppm Na Biodiesel – Wash Sunergy 

 
We have done theses tests in different parts of the process and we can conclude: 

- The soap precipitates under low temperatures 
- Using several passages in the ion exchange resin, we can get biodiesel according 

EN 14214 
- We tested ion exchange resin in different conditions but the only that works is the 

column  
- Most of the soap is retained in glycerin at the bottom of the tank 
- On top of the tanks it forms a film of soap on the surface 
- That will be necessary to raise the mouths 
- Theses determinations can also help to determine when the tanks should be 

purged. 
 
 
 

Catalyst excess 
 
 In all biodiesel samples, It was not found any catalyst. The catalyst only was found in 
the glycerin samples. We can conclude that catalyst stay in the glycerin phase.   
 
 

Solids contents 
 

To increase the resolution of this method will be necessary to buy a balance with a 
greater accuracy. However this method was useful to determine the amount of solids in used 
cooking oil, the data obtained, allow to estimate the time between filters cleaning. 
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Figure 5: Water history for biodiesel produced by Sunergy 

 
The amount of water in the biodiesel produced by Sunergy, is always close to the limit 

value, sometimes above, other below. It is necessary to implement the ion exchange column, to 
ensure that the quantity of water in the biodiesel it is always less than the standard EN 14214. 
 
 

Table 6: Water history of biodiesel produced by other producers 
Day Water (g/Kg sample) Type Supplier 

12-04-2007 0,601 +/- 0,045 Biodiesel Pedro 
23-05-2007 0,490 +/- 0,043 Biodiesel Norgen 
05-06-2007 0,483 +/- 0,043 Biodiesel Pedro 
26-06-2007 0,839 +/- 0,049 Biodiesel Dieselbase 

 
These determinations helped a biodiesel producer which had reduced the temperature 

of drying and because that it was going out of the standard. A month later and after raising the 
drying temperature it was already according with the standard EN 14214 
 
 

Table 7: Water history of oil 
Day Water (g/Kg sample) Type Supplier 

13-06-2007 0,792 +/- 0,052 Raw soybean oil Oleocom 
22-06-2007 0,883 +/- 0,049 Raw soybean oil Oleocom 
22-06-2007 1,189 +/- 0,056 Oil seeds of yellowhorn --- 
22-06-2007 1,215 +/- 0,056 Used cooking oil --- 
26-06-2007 0,861 +/- 0,048 Raw soybean oil Bunge 
06-07-2007 0,699 +/- 0,045 Raw soybean oil Bunge 
22-06-2007 1,247 +/- 0,057 Used cooking oil --- 
19-07-2007 1,244 +/- 0,057 Oil seeds of moringa --- 
31-07-2007 0,926 +/- 0,049 Raw soybean oil Oleocom 
26-08-2007 1,278 +/- 0,057 Oil seeds of mamoneira --- 
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The oil bought by Sunergy, always presented a quantity of water according with the 
specifications (less than 0,1%). The used cooking oils and oils extracted from the seeds, have 
all a quantity of water above 0,1%. 
 
 

Comparison between the results obtained by Sunergy and INETI 
 

Units Sunergy INETI Abs. 
Error (%) 

Vicosity at 15ºC Kg/m3 882 885,2 0,36 

Viscosity at 40ºC mm2/s 4,54 4,046 10,88 
Acid value mg KOH/g 0,08 0,09 11,11 
Solids contends % (m/m) 0,0 --- --- 
Soap value mg Na/kg 22 28,3 22,26 
Catalyst excess mg KOH/g 0,0 --- --- 
Water  mg/kg 488 --- --- 

 
   

Of the implemented methods, the one who presents a relative bigger error, was the 
soap value 22,2%, while the minor was Density 0,36%. The Acid value presents an error of 
11,11%, while Viscosity presents an error of 10,88%. 

The implemented methods present a fairly accurate, although close to the limits, they 
could not have the accurate desired. The implemented methods cost a fraction of the price of a 
certificated laboratory and allowed to take decisions in the production process in order to 
improve product final quality. 

 
 
     

Experimental Section 
 
In this section are listed all the materials and reagents that have been used, and also the 
method used in each determination. 
 
Density: The density was determined with a pycnometer, distilled water, thermometer and a 
balance. 
 
Viscosity: The viscosity was determined with a viscometer, thermometer, thermostat bath and 
other common laboratory material. 
 
Acid Value: It was prepared a solution of KOH 0,1N with KOH, C2H5OH and other common 
laboratory material. With this solution of KOH 0,1N, phenolphthalein, propanol and other 
common laboratory material, it was determined the acid value by titration. 
 
Soap Value: It was prepared a solution of HCl 0,01N with distilled water, HCl and other 
common laboratory material. With this solution of HCl 0,01N, bromophenol blue, acetone, 
balance and other common laboratory material, it was determined the soap value by titration. 
 
Catalyst excess: It was prepared a solution of HCl 0,01N with distilled water, HCl and other 
common laboratory material. With this solution of HCl 0,01N, phenolphthalein, acetone, balance 
and other common laboratory material, it was determined the catalyst excess by titration.  
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Solids contents – The solids contents were determined with filter, filter paper, heater, balance, 
n-hexane and other common laboratory material. 
 
Water – The water was determined with magnetic stirrer, Karl Fischer reagent, distilled water, 
methanol, N2 and other common laboratory material, the sample was titrated with Karl 
Fischer.reagent. 
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