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Fatty-acid-methyl-ester (FAME) are generaly accepted for use as alternative fuel in diesel engines or as its main component. Their physical and chemical properties are very similar to classic fossil diesel. There is possibility to blend FAME with fossil diesel in each ratio. There is also possibility to use such blends in standard (non-modified) engines practicaly without any changes on engines power properties. FAME are produced of domestic and renewable sources. Compared to traditional fuels, the contents of hamrful emissions in exhaust gases are markedly reduced. FAME are non-toxic and fully biologically degradable. Their sulfur content is negligible and they provide a better safety of handling. Burning of fossil fuels releases carbon dioxide which accumultes in the atmosphere and represents a potential source of drastic changes of Earth´s climate, although experts differ in their opinions concerning the influence of this compound on the greenhouse effect. Limited sources for FAME production are their negative. There is possibility to change worse low-temperature properties of FAME by  addition of appropriate components.

Therefore the European Commission has suggested to increase their renewable energy sources consumption from 2 % in year 2005 up to 5,75 % up to year 2010.  

Triacylglycerol transformation by transesterification to methyl esters (ME)

According to our developed technology and know-how are ME produced by alcali catalyzed two-stage low-temperature transesterification of oils/fats with methanol at temperatures up to 65°C. The total methanol: acyls molar ratio is 4:3 with an optimum distribution of methanol between the two stages. NaOH 4% in methanol is used as the catalyst. The final treatment of ME with phosphoric acid and ammonia can be also made. This ME production know-how shows a high production responsibility and resistance against reactants quality fluctuation in many ME production plants during last 10 years.

Oil acidity and water content in oil as well as humidity in other reactants of MeOH and NaOH require increased attention. The acidity number of oil should not exceed 3 mg KOH/g, water content should not exceed 0.1 w% max., phosphorus content should not exceed 70 ppm. 

All ME properties are according to the required norms when above mentioned paremeters are fulfiled and final treatment of ME was done effectively and properly. 

The yielding degree of final ME is about 96% against input oil/fat and AG conversion into ME is above 96 %. The degree of TAG (triacylglycerol) conversion into methyl esters can easily be determined with GLC chromatography on packed columns using the method developed by Cvengroš and Cvengrošová (1995). 

Two ME production concepts are currently available in Slovakia. In a network of low-capacity units with a production of 500 - 5,000  t ME per year or in a few large-capacity production plants with a production volume of 10,000 - 30,000 t/year, mostly joined to existing capacities of press plants and refineries. Small production plants have the advantage of operating on a self-supply basis: the rapeseed producer supplies the seed to the plant and receives in exchange biofuels and cake as fodder.  Moreover, this method requires but low investments, allowing more rapid implementation, saving of costs for rapessed and cake transports etc. On the other hand, the advantages of large production plants include a better stability of production quality, a better quality control, improved safety at work with poisonous methanol, as well as better possibilities of a comprehensive employment of by-products.

The FAME production capacity is 75 000 tons per year in Slovakia. The producers are as next: Palma-Tumys Bratislava, Ekoli Bratislava, Slovakofarma Hlohovec, BIO Spišský Hrušov, AgroDiesel Revúca, PD Horné Obdokovce, PD Šalgovce, PD Stakčín a PD Kendice. 

Our FAME production and treatment technology / know-how (1) has been used in 8 Biodiesel plants in Slovakia as well as abroad. Its total production capacity is about 60 000 tons of FAME per year.

Final treatment

Important step in ME production is the final treatment of raw ME after transesterification. From the transesterification reactor, raw ME is pumped into a finishing reactor for final treatment. The aim of this step is to break catalyst residues and to reduce the contents of ashes stemming from sodium soaps of higher fatty acids. Also demethanolization and separation of glycerol are very important steps in this final treatment. 

By our original method we separated MeOH by evacuation or stripping followed by addition of small amount  of concentrated  phosphoric acid (80 %) to raw MERO, thus breaking sodium soaps into FFA and phosphate salts. The amounts of the acid needed have been derived from measurements of ME ash contents ranging between 0.02 - 0.03 w%. Approximately 0.1 % H3PO4 (related to ME) is needed to split sodium components in ME, provided the ashes represent sodium oxide, hydroxide and carbonate and provided predominantly primary phosphates are generated from the reaction of sodium compounds in ME with phosphoric acid. As soon as this reaction step was completed, ammonium hydroxide (25%, approx. 0.1 w%) was added to ME to neutralize FFA and unreacted phosphoric acid, yielding ammonia salts. This steps replaces the ashy form of salts with the ashless form. Ammonia was added in amounts equimolar to phosphoric acid added in the preceding step. Excess amonia is air stripped. Intensive mixing is crucial in dosing phosphoric acid and subsequently ammonia. After this type of final treatment with ammonia, ME turns into a non-acid, non-corrosive substance. After our original final treatment, ME was purified in centrifuge to remove solidified polar components from the non-polar medium of ME -  mixed phosphates together with water residues from inorganic agents and glycerol residues. 

Except of this type of ME final treatment we have developed and used directly in the Biodiesel plants other effective types of ME final treatment which were more suitable to possibilities and requirements of investor. All of ours ME final treatments do not bring waste waters.

Very effective type of ME final treatment is distillation of raw ME. The physical parameters of ME  (higher mol weight, low tension of vapours, double bonds) shows as most suitable  vacuum distillation on fall/wiped film evaporators. This could be short-path or long-path evaporators with processing pressure from 10 up to 2000 Pa. Required processing time of ME on evaporator´s wall is only few seconds and also high evaporating speed is required – up to 150 kg.m-2.h-1. 

ME distillation solves these problems:

1. TAG conversion into ME is not a key problem, although effort for maximal conversion persists. Unreacted TAG are part of distilled residue which is possible to recyclate. There are also phospholipides included in the distilled residue – problems with phosphorus content is also solved. Content of phosphorus in ME produced of cold pressed rapeseed oil is about 3 – 5 mg/kg, content of phosphorus in distilled ME is about 10 times lower. Rate between distillate and feed is about 96 %. 

2. We are distilling raw ME. It means that free fatty acids are fixed in the form of non-distilled soaps and it is the reason that distilled ME are neutral.

3. Raw material must be effectively demethanolized and dewaterized before distillation. This means that Flash Point of distillated ME  is about 160°C and water content of distillated ME is practicaly 0.

4. Ash content in distillated ME  is also around 0, because all ashes inorganic parts are removed into distilled residue.

5. There is also strong influence by distillation on a colour of distilled ME. Distilled ME are practicaly without any colour with soft green-yellowy tinge. This parameter is important in oleochemical utilization of ME, not such important for its biofuels utilization. 

6. There is simplier technology and know-how for ME production as final treatment (extraction, washing, filtration, purification, drying, chemical reactions etc.) is not necessary.

We have used distillation of full ME production capacity in a medium scale Biodiesel plant build in 2002 for Czech investor. Its production capacity is 5 000 tons of distilled ME per year.

Sources of TAG

There are offered also other potential sources for ME production besides traditional vegetable oils like rapeseed, sunflower, or soya oil. First of all there are animal fats, especialy beef tallow and lard. ME made of animal fats has higher CFPP because of higher value of saturated acyl acids C16 and C18 in animal fats. There is possibility to change this parameter by addition of appropriate components or use such biofuel during summer period in our countries. We have made experiments also with high eruic rapeseed oil, palm oil, cottonseed oil and other exotic oils which are available on the world vegetable oils market.

Very important role in the future might play also used vegetable oils and fats. Their importance increased in 2001 when there is forbiden to use such oils as component for feeding mixtures preparation in European Union.

There is pressure to use all available sources not suitable for human nutrition, non-standard, devalueted, with higher acid value etc. Main advantage of such new sources is their lower price which directly influence ME production profitability.

We have developed new effective treatments of oils and fats with higher value of acid number  - up to 30 mg KOH/g as well as new effective treatments of oils and fats with higher value of water before transesterification. These effective treatments of raw, non-standard materials makes such new sources available for ME production without any difficulties. 

Vegetable oils planted in radioactive areas do not show any increase in their radiation so such oils can be also used for ME production.

Side products

There are side products of ME production which occure during transesterification. Main of them is phase G (glycerol). In the filled glycerol reactor, a prevailing portion of MeOH is distilled away from phase G at an elevated temperature, the remaining content is then air-stripped. Subsequently, concentrated HCl or H3PO4 is added under constant stirring to produce a pH value of around 6. Due to acidification, alkaline soaps are broken down; they transited into polar phase G during transesterification, and, due to their emulgation effect, they also caused some proportion of MERO to dissolve in phase G. FFA of disintegrated soaps and ME present in the mixture then form a lighter organic layer above raw glycerol.

Raw G contains approx. 78 - 82 w% glycerol, 6 - 8 % NaCl, 10 - 12 % water, 1 - 2 % organic substances mainly ME and FFA. The pH value of the raw G is adjusted to approx.  8 to bind FFA residues, and raw G undergoes refining to pure glycerol (99.5 % G) in a system of vacuum evaporators with wiped film. Raw G is not being refined at all ME production units;  raw G is being collected into glycerol refinery from several ME production plants.

There are produced 10 % of raw G quantity counted on the quantity of input vegetable oil.

Glycerol is a raw material with wide range of aplications. Price of rafined G with 99,7% purity 

Is about 1700 – 2100 DEM/t on world markets.

Organic layer (OL) represents about 4% quantity counted on the quantity of input vegetable oil. OL consist of 35 – 45 % of higher fatty acids and about 55 – 65% of ME. We have developed new processing of OL - esterification of higher fatty acids by methanol on ME. There are developed also new technologies for OL utilization as special esters or its other oleochemical utilization (e.g. biodegradable lubricating fluids). Refining of the organic layer on vacuum evaporators with wiped film yields colorless or but slightly colored condensate, which can further be processed, according to the requirements, into tensids using oxyethylation or sulfonation. Neither organic layer refining is done at all ME production plants.

The recycled methanol contains 3 - 4 % water and without further treatment it is not suitable for repeated use for transesterification. Rectification costs however, do not exceed the price of pure methanol even in small ME production plants.

Legislation and Standardization of ME in Slovakia

There is new law (excise tax) applied for fuels in validity since beginning of 2002 in Slovakia.

According to this new law is part of blended biofuels based on ME free from excise tax.

There was lower tax for biofuels blends – ME with fossil diesel blends, where. content of ME in this blends was 30 wt. % in 2001. This situation allowed lower prices of biofuels (lower up to 2 SKK compare to the fossil diesel) at the petrol stations. 

There is new situation since beginning of 2002, when new law is in the force.

This new law is supporting biofuels utilization only little. It is true, that ME are from this law free of excise tax, but second component  - fossil diesel is fully under excise tax. Biofuels -ME with fossil diesel blends are not a new products according to this law as before and there is also not clear who is allowed to blend such biofuels from this law.

These circumstances cause the situation when blended biofuels are out of market (higher prices at petrol stations) and there is not interest also from wholesalers to use it in their fleets.

At the moment there are taxes and prices which are pushing ME out of the market. ME production price is about 29 SKK/liter. Fossil diesel production price is about 10 SKK/liter. 

Wholesalers buy fossil diesel for 26 SKK included exise tax and VAT. The price increase too much when they blend it with ME making biofuel. 

ME production is under subsidy in EU. This makes ME attractive not only for their environmental benefits but also for their economical advantages on the market. New law taxes biofuel (ME and fossil diesel blends) according to their usage – it means each component indenpendently. It is according to the EU directive. But, the mistake was made somewhere else – in the harmonization of EU directive support for ME and biofuels blends compare to the fossil fuels. We can only agree with the opinion that there is not necessary subsidy for blended biofuels production by the system of taxes wicket and by lower taxes for blends. This only gives opportunity for corruption and taxes leakage. But, it is not possible to solve this problem as it was solved in Slovakia. I mean, there is not any support for ME production according to the new legislation in Slovakia. There is an accute need to support ME production as soon as possible. We see support for rapeseeds cultivation as one of the best ways how to help this industry to make prices of their main raw material lower. There is subsidy for rapeseeds used for ME production (3000 SKK for ton of rapeseeds) according to the Directive no. 3485/2/2001-100 of Ministry of Agriculture of Slovak Republic. This rapeseeds cultivation support is oriented only on the cultivation in the areas devastated by the industry (emissons, etc.). This support does not bring real help as there are only small areas of such land in Slovakia. 

The European Commission is supporting increase of renewable energy sources consumption.  The Slovak Government was also preparing National programme of ME and Bioethanol production last year. Because of postponing of such Programme by the European Commission in EU countries till 2010, the Slovak Government finaly does not accept the National programme. This step from the Government is not fair for ME producers, whose invested more than 350 mil. SKK in last years.

It is clear, that this direction for increase of renewable energy sources (of vegetable or animal origin) consumption is possible to slowdown bot not stopped. It is up to the Slovak Government and Parliament, how long for will be this recession lasting and how high will rise losses from this situation.

The assurance for consistently high quality of the fuel was a key issue for developing confidence in ME among all customer groups, specifically the Diesel engine and vehicle producer. Besides existing criteria applied to fossil  Diesel like Cetane number and CCR (Conradson Carbon Residue), new criteria  and analytical methods had to be developed like for Mono-, Di- and Triglyceride levels.

In 1994 Austria published the first final standard ON C 1190 for Biodiesel, then only for Rapeseedoil-methyl-ester (RME), followed by ON C 1191 for Fattyacid-methyl-ester (FAME) in 1997, thus allowing a broader scope of raw materials to be used for Biodiesel production.

Other standards followed in Czechia (CSN 65 6507), France, Italy (CUNA NC 635-01), Sweden (SS 15 54 36), and the German DIN  51606 as  the probably most elaborate standard today. With the objective to create a European standard a European Commission mandate for this work was given to the CEN (COMITE  EUROPEEN  DE NORMALISATION), which has started this work in several working groups of the TC 19.

The AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS (ASTM) has also started its work to develop a Biodiesel standard for the USA. Now there is ASTM Standard D 6751-02 valid for US market.

ME standardization was done in Slovakia too. There has been accepted STN 656530 since 2001. Bases for this norm are in related DIN, EN and CSN norms. There are 18 criterions in this standard. Two of them are controversial. This standard shows new criterions for glycerol content in ME – monoglycerids max. 0,8%, diacylglycerids max. 0,4 % and triacylglycerids max. 0,4%. The problem is not how to reach such parameters, but how to measure and controle them. The method prescribe for this measurement is GL chromatography – very expensive and not generaly accesible because of  exacting equipment and professional operator needs.

Second controversial criterion is max. iod number (115g I2/100g) for ME. This level is exceed by ME made of sunflower and soya oil. In spite of that, soya oil is main raw material for ME production in the USA. Long term testing does not shows any disadvantages during its utilization in the controled fleets.

At the end of my speech I would like to say that ME production and its utilization is growing worldwide. There is only a pity that unawareness in the legislation slowdown these processes in Slovakia.    


































































































































