
Industrial Demonstration Plant  
for the Production of Rapeseed Methyl Ester 

 

1. Aim of the project  
 
The aim is the construction and the operation of the a pre-industrial plant for the production 
of rape methyl ester made from rapeseed oil with a capacity of 20.000 tonnes per annum. The 
ROBBE plant at Venette, near Compiegne, France is shown in Photo 1. 
 
 

 
 

Photo 1: The Robbe plant 
 

2. Introduction 
 
The Robbe plant produces a diesel fuel substitute from the esterification of vegetable oil (rape 
seed oil). An innovative esterification process is used at industrial scale. It combines the use 
of an alkaline catalyst and a purification step avoiding the distillation stage traditionally used 
for the glycerine purification. The operation of this plant allows to assess on real basis both 
technical and economical balances to scale up future units to around 100.000 t/y. This 
demonstration project includes tests of the rape methyl ester - also called diester 01 -for the 
substitution of diesel fuel in transportation fleets and on motor-engine test beds.  
 
Before processing in the unit, the raw rapeseed oil is pre- treated to decrease its acidity and to 
remove phosphorus which is detrimental to the transesterification step.  
 
Treated oil entering the transesterification process has the following characteristics:  

- maximum acidity index (mg KoH/g):-0,5  
- phosphorus: 5 ppm  
- water content: 0,5 %  
- iodine index: 110-120  
- saponification index- 180-200  
- bulk density.- 0,917 - 0,920 kg/m3 



3. Technical Description  
 
The plant is a succession of different sections:  
 

 
 

Figure 1: Schematic of the ESTERFIP process 
 
Batch reaction. It includes 3 vessels working by cycles of 3 hours. The first reactor is filled up 
with a blend of rapeseed oil and methanol. The catalyst is then added and the reaction is 
activated by heating to 75° C then by cooling to 55 °C. The liquid is emptied into a decanter. 
Glycerine is extracted and stored. The ester phase containing soda, methanol and glycerol is 
washed and neutralised with acidic water (H2SO4) in a new vessel.  
 
Continuous process. It is used for the purification of 3 t/h of ester by the distillation of excess 
methanol. The ester phase flows into an evaporator and is heated under vacuum to remove a 
mixture of water and methanol which are separated by a new heating and recovered to be 
recycled. The ester is cooled filtered and directly stored. No addition of anti-oxidising agent is 
necessary.  
 
Glycerine treatment plant. Initially design to produce an 80 % purity glycerine, it has been 
adapted to a 65 % grade. The initial glycerine phase and the washing waters from the ester 
cleaning are mixed and sorted in a 8 hour storage tank. Methanol is firstly removed in an 
evaporator and the glycerine phase is neutralised by batch and by addition of sulphuric acid. 
Fatty acids are separated in a decanter and the flow enter a new column for a vacuum 
concentration which removes a new mixture of methanol and water. The glycerine is finally 
extracted with 30 % of water and 5 % sodium sulphate.  
 
Glycerine purification. The glycerine phase flows through ion exchangers columns to 
eliminate Na+ and S04

-- ions. The regeneration effluent flows to the methanol recovery 
section. 
  
Catalyst preparation. The catalyst is prepared by batch in this section of the plant. Soda is 
generally used but interesting results have been achieved with CH30Na.  
 
The plant was design as a "zero emission plant" to avoid liquid and, gaseous effluents. The 
whole plant is continuously operated 24 hours a day and 7 days a week to produce 67 tons of 
ester per day, 300 days per year.  



4. Performance of the Plant  
 
The plant was commissioned in autumn 1992 for the production of 20.000 y of diester. The 
rape was cultivated in set aside land of 20.000 hectares. The rape is supplied by 90 collectors.  
Nominal production capacity was reached in September 1993 and the regular operation of the 
plant started from this date.  
 
First data from the nominal operation of the plant from September to December 1993 are the 
following:  
• average production: 92,5 % of the nominal capacity.  
• weight balance: production of 0,988 ton of diester per tonne of semi-refined oil  
• electricity consumption: 92,2 kWh per ton of diester produced  
• natural gas consumption- 527 kWh per ton of diester produced  
 
The specific energy consumption is much lower than expected; electricity and gas expenses 
amount respectively to one half and to 73 % of the initial budget.  
 
Two series of tests have been run with the Rape Methyl Ester: laboratory tests and real 
experiments by urban fleets.  
 
Tests of the diester have been launched at the end of 1988 with the diester produced in the 
small pilot plant of Robbe. A first group of 40 vehicles from the co-operative "Champagne 
Céréales" used the diester. Many local authorities with their specific fleet (buses, municipal 
vehicles, dump trucks... ) and co- operatives of farmers joined the project to use diester at 
various blending mixtures. At the beginning of 1994, the following cities used diester in 
various blends in their fleets: Agen, Amiens, Angoulème, Auxerre, Blois, Bordeaux, Cahors, 
Chalon, Charleville, Cherbourg, Clermont, Ferrand, Epernay, Evreux, Grenoble, Laon, La 
Rochelle, Limoges, Metz, Montauban, Mentelliard, Mulhouse, Nancy, Niort, Paris, Pau, 
Reims, Roanne, Saintes, St Lo, St Maixent, Sete, Strasbourg and Toulouse. No problem of 
consumption and of lubrication was found.  
 
Environmental impact  
An extensive environmental impact analysis has been realised by the Company Ecobilan. 
Energy Balances are largely positives: two ratios have been calculated:  
1. a "renewable energy ratio" between the recoverable energy of the diester fuel and the 

consumption of fossil energy for the whole production reaches 1,9,  
2. a more specific ratio between the same recoverable energy of the diester fuel and the 

energy consumed for the sole production of the diester reaches 2,9.  
The consumption of non renewable resources has been assessed for both types of fuel. For a 
vehicle covering 1 km, it will consume 2 g oil and 10 g of natural gas for the diester instead of 
60 g of oil for the diesel fuel. The atmospheric impact of both types of fuel has also been 
evaluated and is shown in the next table: 
 

Table 1 : Atmospheric impact of various fuels 
Emissions 

g/kWh 
CO2 SOx Hydro-

carbons 
Dust NOx CO 

Diesel Fuel 1,060 1.48 2.90 0.88 18.5 2.61 
Blend 30%Diester    895 1.13 2.65 0.64 18.2 2.47 
Pure Diester    169 0.27 2.53 0.52 20.1 2.63 

 
The impact on water due to the emission of liquid effluents from the production of diesel fuel 
(1 kg) is compared to that of its diester equivalent (1.13 kg) in table 2. The solid waste 
production from the diester production amounts to 80 g/kg to compare with 1,57 g/kg 



produced by the diesel fuel. If this amount is largely higher, its ecological impact however, is 
dramatically lower as it is non-toxic and non-hazardous.  
 

Table 2: Fuel impact on water during the production phase 
Effluent mg/kg 

Diesel Equivalent 
COD Oils Dissolved 

matter 
Suspended 

solids 
Diesel fuel 18 163 12,675 6 
Diester 1,739 12 342 81 
 
The impact on the green house effect of the production and use of Diester is considerably 
lower to compare with diesel fuel. Taking into account the guidelines and data given by the 
IPCC, the production of CO2 equivalent - including the emissions of CO2, N2O & CH4 - 
corresponding to the impact for a period of 100 years for a one kilometre travel of a bus 
amount to 204,7 g CO2 eq./km for diesel fuel and 34,8 g CO2 eq./km for the Diester.  
 
The above data indicate that the Diester has significant environmental advantages in 
comparison with diesel. 
 
Market Prospects 
The successful operation of the plant allows to: 
• confirm both weight and energy balances of the plant and to assess all technical data on 

the process,  
• to demonstrate the performance of a continuous process, and,  
• to test and market the Diester at a significant scale.  
 
The annual market for diesel fuel in France represents 21 millions of tons including 0,9 Mt 
used by captive fleets. 17 another millions of tons of domestic fuel are also used for heating 
purposes including 3 Mt in the rural and agricultural sectors which are highly sensitive to the 
development of biofuels.  
 

 5. Economic Performance 
 
Fixed expenses based on the nominal operation of the plant are slightly lower than expected 
and amount to around 700 FF/t. Proportional expenses are largely below budgetary estimated 
even if the cost of the raw materials were higher than expected. The final budget of the 
project increase in cost by 27 % compared to the initial budget. The total budget amounts to 
50 millions FF, including 0,5 MFF for production tests and 1 MFF for tests on vehicles. The 
production cost of the Diester based on the first 4 months of' nominal operation exceeds 3600 
FF/t. The rapeseed oil represents 80 % of the cost price. The scale up of the unit and  the 
switch to a continuous processing will improve the economy of the process. 
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Project: BM/096/91 FR 
Owner: ROBBE S.A. 
  BP. 609 
  F-60206 Compiegne CEDEX 
  France 
  Tel: +33-44-907000 
  Fax: +33-44-907070 
Contractors: ROBBE S.A., SOFIPROTEOL 
Technology: Institut Francais du Petrole, (ESTERFIP Process) 
Total Cost: 5,731,365 ECU 
EC Support: 1,190,455 ECU


