FuelMatic GSX Range Biodiesel Processor

Product Description

FuelMatic GSX Range
Product Description

Continuous production of up to
50,000 litres (12,500 gallons) of
biodiesel per day (24 hours)
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Introduction
Green Fuels Ltd., with its headquarters in Gloucestershire, England (UK), is the leading supplier of
skid-mounted decentralised biodiesel processors. With a large number of FuelMatic plants
operational worldwide processing a variety of feedstocks, the FuelMatic provides a reliable backbone
to any biodiesel enterprise. Biodiesel produced by the FuelMatic meets the European standard EN
14214 specification and, provided the quality of the consumables is appropriate, meets the American
ASTM D6751 standard.
Our product concept is to supply compact, decentralised plants for regional biodiesel production.
This enables local production close to the feedstock source and/or biodiesel users, and reduces
logistics costs for the operator. Crucially, it also reduces biodiesel plant start-up time to less than 6
months.
Unlike older technologies that require large plants constructed on site, Green Fuels’ factory-built,
modular technology is highly automated, clean, compact, and capable of being transferred to other
locations. This has proven of significant importance where financial backers of projects have required
a residual value, which cannot be guaranteed for large site-built installations.
Our design ensures minimum operating costs with exceptionally low energy consumption and
environmental impact. This factor has been crucial to customers who recognise the importance of
decoupling operating costs from increasing energy prices and plant regulation.
Facility costs are minimised by the very small footprint of the FuelMatic. Leased facilities can be
considered. The provision of a suitable concrete base and utility connections are the main
requirements.

FuelMatic GSX 3™ skid-mounted biodiesel processor
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Overview
The Green Fuels FuelMatic GSX biodiesel processing system uses innovative and robust technology
proven in the field in a large number of commercially operating plants. The technology employs
advanced sensors and microprocessor control to monitor the complete fuel production process,
ensuring quality is maintained with a wide variety of feedstocks. The ability to precisely control the
reaction has enabled many customers to process elevated levels of free fatty acid in their feedstock
oil. The FuelMatic GSX is constructed of stainless steel and the system is CE/ATEX certified.
The FuelMatic GSX is factory built and tested before leaving our manufacturing facility. It is delivered
in a sea container as a turnkey system on interconnecting skids. The plant operator therefore has
just one vendor, Green Fuels, providing their biodiesel processing equipment. Operator training,
supervision of connection to facility (at delivery), and start-up (commissioning run) of the FuelMatic
are included in the sales price. The FuelMatic GSX can be installed in a new or existing building or, at
an additional cost, supplied permanently mounted within a modified or purpose built container.
Given its compact and modular design, the FuelMatic GSX can be re-located if necessary.
The layout of each system is as follows:-

2350

2310

3150

FuelMatic GSX 3™ dimensions (mm) for the 3,000 litre per day biodiesel processor
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2550

FuelMatic GSX 8™ dimensions (mm) for the 8,000 litre per day biodiesel processor
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8236

FuelMatic GSX 20™ dimensions (mm) for the 20,000 litre per day biodiesel processor
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FuelMatic GSX Range Biodiesel Processor

2310 [90.94 in]

FuelMatic GSX 50™ dimensions (mm) for the 50,000 litre per day biodiesel processor
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The processing equipment is able to use various cold and hot pressed fresh vegetable oils (some may
require pre-treatment) and waste vegetable oil as feedstock. Using the specified quantity and quality
of input materials (feedstock, alcohol, and catalyst) and following processing instructions, the plant
operator/owner will achieve biodiesel which complies with the EU biodiesel standard EN 14214, as
well as with other conventional international standards like ASTM D6751. With most feedstocks, a
transesterification grade of > 98 % and consistent product quality will be reached.
The FuelMatic GSX requires no water for biodiesel purification (soap removal). Older technology
processors use water to wash the soap from biodiesel. In the FuelMatic GSX, purification is achieved
by passing the biodiesel through Ion exchange resin. This purification process produces only very
small quantities of waste products, as 1 kg of ion exchange resin will purify between 1,000 – 1,500
litres of raw biodiesel.

Advantages of the FuelMatic GSX biodiesel system
The innovative Green Fuels biodiesel technology demonstrates:

 High flexibility: a variety of input oils can be used including virgin vegetable oils, animal fat,
tallow and used cooking oil.

 High product yields with 1.01 litres of
biodiesel per litre of input oil.

 Low energy demand for the plant system;
approximately <85 kWh/tonne.

 Compact and modular plant design.
 Fast start-up; within 1 hour the plant can be
producing biodiesel.

 Quality of biodiesel conforms to EN 14214 &
ASTM D6751 biodiesel standards.

 Minimal waste and no waste water. The
glycerol bi-product can be used for biogas
processes or can be further processed. Spent
resin forms minimal volumes of inert waste.
Touch screen process control panel
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Biodiesel Production Description
The fundamental principle of all biodiesel production is the transesterification of triglyceride oils.

 Oil production – Pre-Processing
If using oil-bearing seeds, a third party
seed processing module can be provided
including seed handling, cold expellers, oil
filtration and press cake handling.
If using a supply of suitable oil, in some
cases there may be a requirement for a
third party “de-gumming” process to
ensure the oil is suitable for
transesterification.

 Oil Pre-Heat
The FuelMatic GSX pre-heat module automatically fills itself from bulk storage or a day tank. The
input oil is filtered then pre-heated in an insulated stainless steel pre-heat tank to a reaction
temperature of 65oC. The heated oil is held within this vessel in advance of processing through
transesterification.

 Transesterification
The transesterification of the feedstock oil is achieved by using sodium or potassium methylate as
the catalyst. Both methanol and the catalyst solution are injected proportionately into the stream of
hot oil. Reaction residence time is usually 30-40 minutes before the oil is automatically pumped to
the glycerol separation unit.

 Separation
The precipitation and separation of the biodiesel and glycerol phase takes place through our
continuous flow glycerol separator (patent pending). The glycerol phase is discharged from this
separator to storage or an additional methanol recovery process unit. The raw biodiesel is then
passed into the purification buffer tank to remove and recover any residual methanol.
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 Product purification and drying
The biodiesel is purified to remove the dissolved catalyst and the soaps produced. Soaps are mainly
responsible for coking residue and must be removed to comply with the EN 14214 & ASTM D6751
standards.
To avoid using water and expensive filtration in this process, we employ a specifically designed Ion
exchange resin. The soapy biodiesel is heated in a vacuum tank to remove residual methanol. It is
then passed through the Ion exchange resin column at a controlled rate and pressure to ensure there
is sufficient residence time for the resin to work.
Once the biodiesel has passed through the column it is then discharged to the residual Methanol
Removal Module.

 Residual Methanol Removal
The biodiesel goes through an additional flash heater under vacuum
to remove any traces of methanol or water and is then pumped into
the finished biodiesel tank.
 Additives
To reach the required CFPP-value (European Standard) during
winter (October – February in Europe) a winterisation additive may
need to be added. To meet the new Oxidation Stability of the ASTM
D6751 standard, anti-oxidant additives may need to be added
depending on the type of oil feedstock.
Residual Methanol Removal

 Commercial sale of biodiesel
Finally, the biodiesel is stored in tanks until taken to fuel stations for sale as either a blend with
mineral diesel or as 100% biodiesel.

Biodiesel ready for commercial sale
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Process Control System
The touch screen process control system enables
the automatic operation of the biodiesel plant.
Using simple intuitive controls, the FuelMatic can
be easily operated and monitored with minimal
training. Data logging and remote access allow
simple data keeping and remote monitoring.
With a fully automated system the plant operators
are only necessary for the supervision of the
process, the product quality analysis, and for
maintenance and service. The complete system is
designed in accordance with all necessary safety
regulations.

Automated Touch Screen Controls

Process Operations
 Input parameters and requirements
The following are requirements for the effective operation of the biodiesel production system1:

Parameter

Unit (Weight)

2

Input fresh oil
Amount of Sodium or Potassium Methylate
(30% solution in Methanol)
Amount of Methanol
Amount of Ion exchange resin

Customer defined tonnage
2% of input oil
15% of input oil
0.1% of input oil

For fresh oil, the German Pre-Norm DIN 51605 for pure rapeseed oil fuel is used (based on quality
standard for pure rape seed oil used as vehicle fuel, developed by the Weihenstephan Institute
05/2005).








1
2

FFA approx. 1.0 %
Mainly free of visible impurities (max. 0.5%)
Density: 0.90-0.93 g/cm3
Water content: max. 0.05%
Acid Number: max 2.0 mg KOH/g
Phosphorus: max. 10 ppm

Values based on the usage of rapeseed oil, the input material chosen by the customer will be tested after
signature of the contract to adapt, if necessary, the process parameters.
See oil quality defined above.
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If used vegetable oils are chosen as the input, they should be nearly free of animal fats as well as
other impurities. The used fats from frying typically contain sunflower, rapeseed, soy, palm and
groundnut oil. A 1-5% FFA content and a total content of impurities and water of max 1% are typical
process parameters. However, lower amounts will improve the ability to make ASTM D6751
specification biodiesel.
Higher FFA levels may require a pre-treatment of the input oil. This equipment is not part of the
FuelMatic GSX system, but can be provided (if necessary) at additional cost. Analysis of the specific
parameters of your feedstock will be required.
The specification of methanol should be technical grade >99.85% purity. Sodium or Potassium
Methylate should be technical grade with ~30% dissolved in methanol. The antioxidant and the
additives are products of companies from the chemical and mineral oil industry.
Continuous availability of fresh oil and/or used vegetable oil is required for an uninterrupted and
continuous operation of the plant. The raw material needs to be delivered as a liquid, free of
impurities and capable of being pumped. Deviations from the required input parameters will lead to
losses in quality and quantity of the produced biodiesel. In addition, more catalyst and methanol
might be necessary for the reaction.

 Mass Balance Diagram
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 Product quality
The quality of the produced biodiesel will meet the European standard DIN EN 14214 if specified
input parameters are met. EN14214 is very similar to the American ASTM D6751.

Parameter

Unit (Weight)

Biodiesel production
Amount
Density
Water content
Flame point
CCR
Neutralisation number
Free glycerol
Triglycerides
Methanol
Glycerol phase
Amount
Average composition:
Glycerol
Na or KOH Soaps
Methanol
Impurities

~100% of the input oil
0.87 – 0.9 g/cm³
< 500 ppm
> 120 °C
< 0.30 %
< 0.5 mg KOH/g
< 0.02%
<0.20%
<0.20%
~17% of the input oil
60-70 %
10-15 %
10-20%
5-10%

Some of the parameters defined in the standard EN 14214 (e.g. CFPP, phosphorus content, oxidation
stability) are determined by the type and quality of the input materials used. They cannot be
influenced by the transesterification process itself.
It has to be noted that it may not be possible to reach the required CFPP-value for biodiesel from
some used vegetable oils and certain types of fresh oil (e.g. palm oil) without pre-processing of these
oils or through the addition of cold flow additives. Therefore the winter stability of biodiesel from
these used vegetable oils cannot be assured.
The winter stability for biodiesel (DIN EN 14214) from rapeseed oil is guaranteed.
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 Operating parameters
Data per tonne biodiesel production3
Parameter

Unit
(all approximate)

Fresh oil
Methanol
Sodium or Potassium Methylate (30% or 32%
solution)
Ion exchange resin
Plant system
Electric energy of transesterification (without
heating for building, tanks and ventilation)

1045 kg/t
144 kg/t
21 kg/t
0.9 kg/t
80 KWh/t

The data are average values (tolerance +/- 5 %, dependent on input oil chosen) for a continuous
operation of 8,000 hours per year with constant input material quality and quantity.
Detail Facility Requirements specific to each size of FuelMatic GSX Processor are available. The
following is an indication of the general requirements for the FuelMatic GSX 20.
 Space demand for the FuelMatic GSX 20
The space demand for the three modules of the FuelMatic GSX 20 (excluding the tank farm) is
approximately 75 square metres. (All system dimensions are included on pages 3 to 5.)
o Width: 2,310 mm (7.5 ft.) approx
o Length: 8,226 mm (27.0 ft.) approx
o Height: 2,550mm (8.3 ft.) approx
 Weight of the FuelMatic GSX 20
The combined weight (dry) of the three modules is approximately 6.5 tonnes.
 Staff requirements
Although the plant is designed for 24-hour operation it can be shut down and restarted with ease.
The main tasks of the staff are:
o
o
o
o

3

Taking and analysing samples of input and output materials
Quality management
Minor maintenance and services activities
Product handling

Values based on the usage of rapeseed oil.
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o
o
o
o
o
o
o

Product Description

Manual control of the plant operation by observation
Control of the process parameters using the PLC
Logistical co-ordination of the loading and unloading of tank trucks
Setting of process parameters
Purchase of input materials and sale of products
Purchase of spare parts and stock keeping
Statistical data collection (e.g. operation and production data sheet)
Office work, accounting etc.

 Technical Rules
The European and DIN standards including the EC-Machinery Directive (Directive 89/392/EECMachinery), ATEX
Explosive Atmospheres Regulations (Directive 94/9/EC - ATEX), the technical
rules for pressure tanks, piping, combustible liquids and hazardous materials are the basic rules for
the assembly installation of the plant.
A function test will be completed for all plant elements that are integrated into the control system
prior to hand-over of the plant. An evaluation of the hazards in regard to work safety as well as the
declaration of conformity will be prepared in compliance with all relevant and current EU regulations
such that the plant will be provided with the CE mark to demonstrate the manufacturer’s obligations
have been fulfilled.
All information necessary for the operation of the plant will be included in an operating manual. The
manual contains all explanations regarding the process design and the different plant functional
units, as well as operation and workplace safety rules for the operator's staff.
Typical FuelMatic Warranty: (Actual Warranty Agreement will be written into the Sales Contract)
Claims for warranty apply to defects which become apparent within a period of one year after handover of the plant to the customer. Consumables and moving parts, lubricants and utilities for the
operation of the plant are not included in the warranty.
All technical rules, specifications, regulations and standards are in correspondence with European
(EU) and other relevant international law. All necessary inspections are executed and logged by
official UK institutions (e.g. Lloyds). The plant supplied corresponds with current state of the art for
the technology. Written or unwritten rules for certain attributes of materials or services demanded
by technical code of practice are regarded as contractually assured.
Green Fuels ensures a technical availability for production of the plant for a minimum of 8,000 hours
per year. Service and maintenance, failures and other incidents which lower the operational
availability of the plant should not be more than 740 hours per year if the warranty preconditions are
met.
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Warranty preconditions:
•

The plant is operated in accordance with the instructions described in the operation manual
provided.

•

The customer ensures that the plant is operated only by staff especially trained and instructed.

•

The service and maintenance checks of the plant defined in the service and maintenance
documentation will be executed by authorised and trained staff of Green Fuels. For that
reason, Green Fuels and the owner will sign a service and maintenance contract which defines
the service and maintenance activities in detail.

•

The raw materials and the utilities used correspond with the parameters laid down in the
technical description of the plant.

•

Any changes to the plant which influence or modify the technological process are only allowed
with written permission of Green Fuels.

Any violations of these conditions will lead to the loss of the warranty.
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FuelMatic GSX Process Description
DEFINITIONS
Biodiesel

Biodiesel (Methyl Ester) is produced by the transesterification of vegetable oil. This is
achieved by accurately mixing heated oil with carefully measured quantities of
methanol and a catalyst. Methyl Ester and Glycerol are formed and, because of the
significant difference in densities and colour, the glycerol is easily separated.
Biodiesel is a light oily fuel that mimics all the fuel properties of petroleum diesel but
with much better lubricity at far lower emissions. It can be used in any diesel vehicle
or diesel engine without modifications. It can be mixed with petroleum diesel in any
ratio. It cannot be used in devices made for kerosene or gasoline.

Oil

Refers to vegetable oil, either used or fresh (also known as feedstock).

Titration

A chemical test procedure to determine how much catalyst is required to exactly
compensate for excess acidity in used cooking oil.

Catalyst

The most common catalyst is sodium hydroxide (NaOH), also known as caustic soda
or lye. A very pure form of this chemical is required to cause the conversion of oil
and methanol into biodiesel. Potassium hydroxide (KOH) can also be used but at a
somewhat higher cost.

Methylate

A liquid catalyst made from a 30% (this can be varied) solution of either sodium
(NaOCH3) or potassium (KOHCH3) in a solution of methanol – this is used in more
automated systems to enable process control and improved fuel quality.

Methanol

Chemically known as methyl alcohol (CH3OH).

Mix

Combination of oil and premix which is blended vigorously to form biodiesel with
glycerol as a by-product.

Reactor

This is the large tank system which mixes the oil with methanol and methylate to
create biodiesel plus glycerol.

Glycerol

A combination of glycerine and virtually all the catalyst used in the reaction, small
amounts of soap, plus a small amount of residual methanol.
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PROCESS DESCRIPTION
The process is described as a series of steps:
1.
2.
3.
4.
5.
6.
7.

Process Oil Storage
Oil Transfer to Processor
Methanol and Methylate Dosing and Reaction
Glycerol Separation
Ion Exchange Resin Purification Process
Residual Methanol Removal
Maintenance

1.

Process Oil Storage
Recycled oil is collected or delivered to the plant in a range of suitably sealed and approved
containers. If fresh pressed oil is used it should be filtered before processing. The oil is
transferred by pump into a pre-heat vessel. This tank is fitted with a high level shut-off sensor to
avoid overfilling.
The oil is recirculated and heated. When the desired temperature (60 - 65°C) is achieved, the
heater switches off and the temperature is then maintained by intermittent switching of the
heater. A sample of the oil can then be taken for a titration test in order to calculate the amount
of catalyst and methanol to be added to achieve an accurate reaction.

2.

Oil Transfer to Processor
The heated oil is pumped into a reactor until the correct amount of oil is weighed using strain
gauge weigh cells. The flow is then automatically stopped by the closure of the air operated
valve.

3.

Methanol and Methylate Dosing and Reaction
Based on the results of the titration test from the sample of oil, the amount of catalyst needed
can be calculated. Air operated dosing pumps are set to deliver the correct amounts into the
reactor.
The dosing of the methanol and methylate will start automatically as soon as the correct weight
is reached – this dosing will take approximately 15 minutes. When the dosing is finished the
control system will recirculate the oil for a minimum of 25 minutes to ensure a complete
reaction.
Where low FFA oil without pre-treatment is used, all the methanol is added at this stage. When
the timer runs down, the flow is then diverted using air operated valves to flow into the glycerol
separator. If a >5% FFA oil and pre-treatment has been used, minimal methanol is added at this
stage as the majority is added at the pre-treatment stage.
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Glycerol Separation
The mixture of biodiesel and glycerol is pumped through a glycerol separator which separates
the glycerol into a lower chamber and the lighter biodiesel passes over a weir into a sump. The
glycerol fraction is periodically tested and automatically pumped away to storage.
Level switches control the flow of biodiesel from the sump to ensure that it is not overfilled.

5.

Ion Exchange Resin Purification Process
The biodiesel is transferred to a buffer tank where the biodiesel is heated and agitated. The
methanol vapour is removed under negative pressure and condensed via a methanol recovery
system.
The biodiesel is then metered through four sealed columns containing ion exchange resin. This
product removes soaps and glycerol and, when spent, leaves approximately 1 kg of waste per
1,400 litres of fuel purified. This process may carry on outside of normal working hours because
of the relatively slow flow rate of approximately 7.5 litres per minute per column pair.

6.

Residual Methanol Recovery
The biodiesel goes through an additional flash heater under vacuum to remove any traces of
methanol or water and is then pumped into the finished biodiesel tank.
Care should be taken to ensure that the final fuel storage tank is not overfilled during this
process. We would recommend the addition of a high level safety shut-off switch in the final
storage. This switch can be integrated into the process control system.

7.

Maintenance
• On a regular basis all connections should be checked for leaks, wear, etc. We recommend
that a complete check is carried out once per week.
• All leaks, however minor, should be dealt with immediately.
• Monthly calibration of flow meters and load cells is recommended.
• We recommend that all our operators sign up to a service contract (approximately 4% of
capex per annum) to ensure accurate servicing and maintenance. Updates and modifications
to equipment can be installed during the annual service.

DISCLAIMER: Although we believe all the information provided in this document to be correct, we
reserve the right to make any corrections to this document or design changes to the FuelMatic GSX
without notice to the customer.
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FuelMatic GSX 20 with main components identified
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FuelMatic GSX 20 - Tapachula, Mexico - Operational July 2010

Doc. No. 63-1001-A

Page 19 of 19

© Green Fuels Ltd. 2013

