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A BIODIESEL MANUFACTURING SYSTEM AND APPARATUS
Field of the Invention.

The present invention relates to alternative and sustainable fuel sources

and particularly to a system and apparatus for the production of biodiesel.
Back'ground Art.

. Biodiesel refers to a diesel-equivalent processed fuel consisting' of
short chain alky! (nfcthyl or cthyl) esters, made by transesterification of vegetable oils
or animal fats, which can be used (alone, or blended with conventional diesel fuel) in
unmodified diesel-engine vehicles.

On August 31, 1937, G. Chavanne of the University of Brussels
(Belgium) was granted a patent for a ‘Procedure for the transformation of vegetable
oils for their uses as fuels' (fr. 'Procédé de Transformation d’Huiles Végétales en Vue
de Leur Utilisation comme Carburants’) Belgian Patent 422,877, This patent described
the alcoholysis; (oﬁeq referred to as transesterification) of vegetable oils using ethano)
(and mentions methanol) in order to scparate the fatty acids from the glycerol by
replacing the glycerol with short linear alcohols. This appears to be the first account
of the production of what is known as ‘biodiese!' today. ‘

The common international standard for biodiesel is EN 14214,

There are additional national specifications. ASTM D, 6751 is the most
common standard referenced in the United States and Canada. In Germany, the
requirements for biodiesel are fixed in the DIN EN 14214 standard and in the UK the
requirements for biodiesel is fixed in the BS EN 14214 stapdard. although these last

_ two standards are essentially the same as EN 14214 and' are just prefixed with the

respective national standards institution codes.
There are standards for three different varieties of biodiesel, which are
made of different oils: '
¢ RME (rapesced methyl ester, 'accordiqg to DIN E 51606)
o PME (vegetable methyl ester, purely vegetable products, according to DIN E
51606) :
o FME (fat methyl ester, vegetable and animal products, according to DIN V
51606)
The standards ensure that the foliowing important factors in the fuel
production process are satisfied:
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o Complete reaction.

o Removal of glycerin.

e Removal of catalyst.

e Removal of alcohol.

o Absence of free fatty acids.
¢ Low sulfur content.

Whilst the conventional methods and appa;'atus for the production of
biodiesel are adequate, they are typically large, on grid, complex, fixed chemical
processing facilities, requiring a large number of staff to operate the facility and also
transport costs and like to move the biodicsel to the end user. Alternatively, on a
smaller scale they are batch processors that require on grid or external energy input
and in infrastructure to house the system.

It ;vill be clearly understood that, if a prior art publication is referred to
herein, this reference does not constitute an admission that the publication forms part
of the common general knowledge in the art in Australia or in any other country.

' Summary of the Invention.

The present invention is directed to an independently powered,
portable biodicsel manufacturing/processing system and apparatus, which may at least
partially overcome at least one of the abovementioned disadventages or provide the
consumer with a useful or commercial choice.

' With the forcgoiqg in view, the present invention in one form, resides
broadly in a biodiesel manufacturing or processing plant for processing on continuous
basis a process fluid from a raw oil feedstock, il?e plant including

1. a housing contain.ing a power generation means,

2 an inlet for raw oil from an oil bearing crop,

3. a raw oil heating vessel,

4 an esterification subprocess inclu&ing' a reactor in which the process

fluid is reacted with alcohol via selective esterification by a catalyst

s a trans-esterification subprocess including an alkali dosing mechanism
to dose the process fluid in the presence of an alcohol, a powered sheer mixer
to mix thc.alkali, alcohol and process fluid, and a heated cauldron for primary
separation of glycerol from the process fluid,
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a flash evaporation scparator for separation of excess alcohol from the
process fluid throtigh a differential pressure vaporisation process, and
" one or more finishing processes.

In an altemative form, the invention resides in a biodiesel]

manufacturing or processing plant for processing on continuous basis a process fluid
from a raw oil feedstock, the plant including

1

2.
3.
4

a housing containing a power generation means,

an inlet for raw il from an ol bearing crop,

a raw oil heating vessel,

an esterification and trans-esterification process including a reactor in
which the process fluid is reacted with alcohol via sclective esterification by a

" catalyst

a powered sheer mixer to mix the alkali, alcohol and process fluid, and
a heated raw oi! tank

a combined reactor and primary separation/settling tank for the
removal of glycerol from the process fluid, '

a pre-heater and vacuum tank for scparation of excess alcohol from the
process fluid through drawing of a vacuum over the hot fluid and vaporisation
process, and

one or more finishing processes.

In a further altenative form, the invention resides in a biodiesel

manufacturing or processing plant for processing on continuous basis a process fluid

from a raw oil feedstock, the plant including

a housing containing a power gencration means,

2. eninlet for raw oil from an oil bearing plant crop or waste plant based ol
3.
4

. a powered sheer mixer to mix triglycerides from the raw oil, and at least one

a raw oil heating vessel,

reactant alcohol according to a tranesterification process,

a combined reactor and primary separation/settling tank for the reaction of the
triglycerides and at least one alcohol to produce at least one fatty acid ester
and at Jeast one alcohol;
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6. a heater and vacuum separator for separation of the at least one alcohol from
the at least one fatty acid ester through drawing of a vacuum over the hot fluid
and vaporisation process, and

7. one or more finishing processes.

The powered shear mixer may provide a high-energetic shear zone to
allow the transesterification reaction to begin to take place in the mixer by reducing
the droplet size of the immiscible liquids such as oil or fats and methanol. 'l'hércfore.
the smaller the droplet size the larger the surface arca the faster the catalyst can react.

An alternative, catalyst-free method for transesterification may use raw
oil and a supercritical alcohol, normally methanol at high temperatures and pressures
in a continuous process. In the supercritical state, the oil and alsohol are usually in a
single phase, and the reaction occurs spontaneously and rapidly. The process can
tolerate only small amounts of water in the feedstock, free fatty acids ere converted to
methyl esters instead of soap. A wide variety of feedstocks can be used. Also the
catalyst removal step can be reduced or eliminated. High temperatures and pressures
ere required, but energy costs of production are similar ‘or less than catalytic
production routes. . '

The manufacturing plant of the pr&sent invention can take in most oil-
bearing crops — jatropha, palm, rapeseed, and the like — and process it to produce
biodiesel fuel to the required European / North American Standard. This means that
the output of the plant can go straight into the tank of any diesel engine without
modifying its settings. The process undertaken will typically be alcoholysis '(oﬁcn
referred to as transesteri fication).

The output at approximately 250 litres per hour in a continuous flow is
ideal for smaller communities which want to use the fucl themselves. 1t is particularly
uscful for communities that have little or no ‘on’ grid power or alternative energy
source 1o operate the plant, '

The housing will preferably be a bespoke plastic container surrounding
a frame to which one or more components of the plant. The container will typically
be divided into at least a pair of compartments in order to house particular
components of the manufacturiné plant and preferably, a pair of approximately equal
sized compartments. In particular, one end of the housing preferably contains the
power generation means and the other end of the housing has the process equipment.
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For operational safety, a bulk head wall will normally be provided within the housing

to divide the two compartments.

In order to provide adequate ventilation a grated floor and openings
should be provided in the base wall or a lower portion of the sidewalls in order to
allow the inadvertent escape of heavier than air gases. The housing is preferably also
provided with lateral openings and events in upper regions in order to allow the
escape of lighter than air gases. Notwithstanding the ventilation, the container will
normally be spaced above the ground surface or mount surface to promote natural
flow under the container and circulation within the process area within the container.

Aux.iliaty circulation promotion means is provided in the form of a fan
mounted to the power generation system.

The container will normally be provided with lifting/securing/transport
points or connections. These connections will preferably be accessible only from
within the container, and therefore access into the interior of the container will usually
be required before the container can be secured in position, or removed. -

Lift points will normally be provided at at least some of the lower
comers of the container, normally at each of the four lower corners adjacent each '
corner such that at least two points are provided on each side of the container,

As stated above, the container is preferably mounted above grouﬁd
level. Normally, the container will be mounted on a plu;'ality of legs. A particularly
preferred height will be 450 mm above the ground or mount surface. It is preferred
that the legs used to mount the container are adjustable to allow for height adjustment
of the container and also to provide levelling capabilities.

The container and/or the legs of the container will normally be
mounted relative to a plinth or slab laid on the ground surface. The sieb will
preferably be or include concrete and will normally be reinforced. ’

The container may be mounted utlising sound and/or vibration
absorbing material. There will normally be at least one access door to the interior of
the container. -1 is preferred that the -access door will have an at least partially clear
portion in order that a user may be able to view interior of the contz;incr without
opening the access door, It is further preferred that when sealed, the access door will
not allow the ingress or egress of gases.
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The housing will typically include a platform relative to which the
components of the plant are mounted. Normally, the shape of the platform will be
defined by a rigid frame made of a plurality of frame members. The frame will:
typically be generally rectangular, )

Each frame member will preferably be nigid and strong and for this
reason, a metal is prefen;cd. Each frame member will also probably be substantially
hollow. According to a preferfed embodiment, the frame members used will not only
function to support the platform to which the components of the plant are mounted,
but will also typically be used to store working fluids such as hydraulic oils and diesel
for the engine. Therefore, the frame members may be linked to one another to form a
storage tank. ;Any fluid may be stored in the frame tank. .

_ The platform will typically take the form of a substantially planar
member attached to the frame. The platform may be a solid member or alternatively, a
rigid grate or mesh may be used as this may increase airflow through the plant duning
operation. - -

The housing will typically be provided with one or more walls in order
to enclose the plant. It is preferred that a number of openings are provided in one or
more walls of the housing. It is preferred that these openings can be closed or sealed
by doors or other movable members. During operation, the doors or movable
members will normally be opened again to promote airflow through the plant them
but the doors or movable members will normally be closed or sealed for Wn and
prior to location onsite. The doors or movable members can also be closed when the
plant is not in operation in order to securc the plant against local wildlife or
potentially against vandals. According to a particularly preferred embodiment, a pair
of doors are provided in each of the end walls (the end walls being located adjacent
either the power generation means or the process equipment).

The walls and doors or movable mengl;ers will typically be formed
from a plastic but materials such as light metal, provided it is sufficiently rigid and
strong, could be used in the alternative.

The plant of the present invention includes a power generation means,
and the power generation means will nomally be mounted towards one end of the

container.
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The power generation means will normally include a diesel generating

sct power pack.” Typically, the power generation means will produce hydraulic power
and electricity through a direct drive or altematively a hydraulic drive which will then
be used to power the other process components. The power generation means is
preferably locatéd within a separate compartment within the container end may be
fully enclosed. This may assist with limiting contamination of the process and/or thc:
raw oil or finished biodiesel.
‘ The power gencration means will typically run on biodiesel produced
by the plant. An initial charge of diescl fuel may be provided after which a portion of
the production biodiese] will usually be used. Indeed the production of biodiesel from
the plant may be a net production after accounting for the biodicsel used to power the
power generation means. .

The power generation means will normally, by its very nature, produce
heat during operation. Waste heat from the power gencration means may preferably
be used to partially heat the raw oil or to provide heat to other proce’ss equipment.

The power generation means is normally associated with a pump in
order to move the raw oil, inlcrmé'diatc products and finished biodiesel into, out of
and through the process steps. A

The raw oil is heated in a raw oil-hcating vessel with three phase
heaters fitted. The heaters will preferably supply enough energy to the oil to raise the
raw oil lempemtt;re to approximately 110°C. '

The plant of the present invention may further include en esterification
sub-process including a resin based dosing mechanism to dose the process fluid in the
presence of an alcoho] and an esterification settling tank. Suitable process equipment
is provided in the plant 1o facilitate this sub process,

If the process fluid is to be subjected to the esterification sub process, it
will typically undergo esterification aficr primary heating. One or more filters may be
used to filter the raw oil heater prior to heating in the preferred hot oil tank, after
heating in the hot oil tank or altematively, filtration may take place on each side of the
hot oil tank.

The esterification sub process will normally involve reacting a mixture

-of free fatty acids, cither as neat or in the corresponding oil process fluid being with
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alcohol via selective stcl:iﬁcation by a catalyst that selectively esterifies the desired
free fatty acid(s).

' A "reaction zone" can be a flow reactor or a portion of a flow reactor.
When a single flow reactor is used, the zones are divided from each other by points
along the reactor at which water is separated from the mact.ion. mixture. ' When
multiple reactors are used, with separation of water between reactors, typically each
reactor is a reaction zone. Suitable reactors include, c.g., packed-bed reactors,
continuous stirred tank reactors, column reactors, etc. A reaction zone may encompass
multiple stages in a column reactor. Preferably, reactors are configured as co-current
flow reactors, i.c., the fatty acid and alcohol pass through the reactor in the same
direction. .

Typically, the product stream from the esterification process is sent to a
transesterification process, where it is ;:ontactcd with a transesterification catalyst and

- an alcohol, preferably after separating water in a tank.

Typically, the reaction is carried out in a flow reactor, and preferably
the contact time is at least 60 minutes, altemativcly at least 100 minutes. Preferably,
the contact time is no more than 6 hours, altemnatively no more than 4 hours,
alternatively no more than 2 hours. '

The residence time in the esterification system typically will be
dependent upon required production output and will typically be determined
according to the maximum production output. It may also be dependent upon the
particular raw oil feedstock. .

Preferably the catalyst is & gel-type acidic ion exchange resin having
0.25 wt % to 2.75 wt % crosslinker, and having sulfonic acid functionality. The
reaction mixture is preferably in contact with the catalyst in a continuous reactor in a
temperature range from 40°C. to 120°C. for at least 15 minutes,

The location of the reactor is within the process side of the container.

The preferred estériﬁcation tank is a column tank and normally more
than one is provided. The column may be a packed column o not.

The alcoho! used will preferably be methano! or ethanol or another
alcohol could be used in the esterification sub process.

The esterification sub process equipment will be provided in the piant
of the present invention but the process may not be included in the process, dependent
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upon the feedstock used and in particular, the acid number of the raw oil feedstock.
Therefore, whilst the esterification sub process equipment will be present in the plant,
a bypass may be provided once the heating of the raw oil has been achieved. The
bypass will typically connect more or less directly to the trans-esterification sub
process. Typically however the esterification sub process may be used, at feast to
some extent, for most types of raw oil feedstock.

Further, a pump will normally be provided in order 1o dose the acid
and/or the alcohol into the process fluid.

The plant of the present invention includes a trans-esterification sub
process to dose the process fluid in the presence of an alcohol and a reactor tank
which is associated with and preferably sits at least partially within the raw oil heating
tank which acts as a heat exchanger, for primary separation of glycerol from the
process fluid. Suitable process equipment is provided in the plant to facilitate this
subprocess. ' ) .

The process fluid is subjected to a trans-esterification sub process in
order to form the preferred fatty acid methyl ester (FAME). The trans-esterification
sub process will normally be after esterification or if the raw oil does not require
esterification as a pre-treatment, after primary heating. .

The trans-esterification sub process will normally involve the process
fliid being heated and dosed with an alkali in the presence of alcohol. Accordingly,
the alkali is prefcr;ably used as a catalyst in the trans-esterification process. The alkali
dosed process fluid will normally proceed to a trans-esterification to a heated séttling
tank, or reactor tank. The residence time in the trans-esterification settling tank will be
dependent upon required production output and the size of the settling tank will
typically be determined according to the maximum production output and required
residence time. It may also be dependent upon the particular raw oil feedstock.

The alcohol used will preferably be methanol or ethanol or another
alcohol could be used in the trans-esterification sub process.

The mixing or dosing of the process fluid with the alkali in the
presence of an alcohol may take place in line (turbulent fluid mixing device) but
preferably, a mixing vessel will be provided in order to cnsur;: a consistent mix.

Further, two pumps will normally be provided in order to dose the
alkali and the alcohol into the process fluid.
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The preferred alkali is sodium or potassium hydroxide and methanol or
ethanol es the reagent. A preferred mixture is known as sodium (or potassium)
methylate (or ethylate).

A mixer is typically pro.vidcd in order to mix the process fluid, the
alcohol and the catalyst. According to a particularly preferred embodiment, the mixer -
is made of a heat resistant plastic and contains a series of sheer plane gears that are
driven at speed through a hydraulic drive. The heat process fluid or oil is injected at
the top, the alcohol and catalyst through the upper side of the mixer. All three liquids
then coalesce and pass down and through the rotating gears which agitate the fluids
mixing them together and causing the reaction to commence. The mixed fluid is tl_\en

-fed into the reactor tank which fills up. As it does so the glycerine settles to the

bottom of the tank. In this form, the mixer also functions as a reactor vessel.

In one form, the mixer includes an outer housing having a central
longitudinal axis, at least two interengaging, counter-rotating toothed mixing bodies,
the toothed mixing bodies each rotating about a central axis, the respective axes offset
radially and spaced along the central longitudinal axis of the outer housing. .

Preferably, the mixer will include at least t'hrcc mixing bodies, the
central axis of each mixing body being offset at approximately 120° from each of the
other central axes. Normally, the central axes of the mixing bodies will be aligned in
a triangular configuration when viewed glong the central longitudinal axis of the
housing. ’

In an alternative form, the in\;ention resides in a mixer including an
outer housing having a central longitudinal axis, and at least a pair of end portions,
each end portion having at least one toothed mixing body associated therewith, the
toothed mixing bodies of the respective end portions interengaging and counter-
rotating about a central axis, the respective axes offset radially and spaced along the
central longitudinal axis of the outer housing. '

In a further alternative form, the invention resides in a mixer including
an outer housing having a central longitudinal axis, at least a pair of end porﬁons and
at least one intermediate portion, each portion having at least one toothed mixing
body associated therewith, the toothed mixing bodies of the respective portions inter-
engaging and countcr—rot;ting about a central axis, the respécﬁvc axes offset radially
and spaced elong the central longitudinal .axis of the outer housing.
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The mixer of the present invention has an outer housing. The outer
housing may be solid or holtow, preferably made of plastic. For example, the outer
housing may include an outer .'llccvc which is substantially tubular with one or more
removable body portions located within the outer sleeve. Alternatively, the housing
may be a solid portioh or portions with at least one opening therein to define a mixiﬁg
cavity. )

Preferably the mixer is a continuous mixer as opposed to a batch mixer

although it may be operated in a batch mode.

The housing is typically modular in nature with a number of portions
being attached together to form the mixer, with the number of portions and their
particular configuration chosen according to the application.

" Preferably, where _provided in the sleeved configuration, the body
portions are shaped and sized to fit within the sleeve. Typically, tight tolerances are
used in order to prevent leakage between the sleeve and the body portions. Seals may
be used. Seals may also be used when the mixer is formed of solid bodies but it that
case, the seals will typically be between adjacent solid bodies.

Typically, the body portions mount the mixing bodies. Normally, the
body portions are basically solid portions with a number of openings therein to at least
partially receive the mixing bodies.

Each of the body portions, whether intermediate or end portions, will
typically have at least one circumferential, transversely extending flange with a
number of openings there through in order to receive elongate fasteners to attach the
portions to each other, Each intermediate portion will typically have a pair of
transversely extending flanges, one at either end, and each e:)d portion will typically
have a single transversely extending flange, - ‘

Where the portions are solid, the openings will normally be forméd
through the solid portions outside of the mixing cavity.

The housing and/or body portions are preferably fixed together using
elonggtc fasteners extending substantially paraliel to the longitudinal axis of the
housing. Normally, these elongate fasteners will be threaded rods and using the rods,
a compressive force may be applied to the housing and/or body portions to seal the
respective housing and/or body portions together.
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Preferably, the body portions are stepped portions. Normally, the
number of steps in each body portions equals the number of mixing bodies which the
body portion mounts.

Typically, the housing ‘will be cylindrical and then:forc. the body
portions will be substantially cylindrical as well. However, the housing may have any
shape and indeed, individual body portions may have any shape. Preferably, each of
the body portions will mount a number of mixing bodies in relation thereto.

The body poruons of the preferred embodiment wull typically include a
pair of end portions and at least one intermediaté portion.

The end portions are typically configured as a top and a bottom end
portion as the mixer will typically be used in a substantially vertical orientation (but it
need not be). One or both of the end portions will typically be associated with drive
means to drive at least one of the mixing bodies. Because the mixing bodies in the
mixer inter-engage with one another, driving one of the mixing bodies will typically
cause sympathetic rotation of the other mixing bodies. One example of drive means,
which may be used, is a driveshaft associated with a bevelled or mitred gear to mesh
with at least one of the mixing bodies associated with one of the end portions. Each of
the end portions may have an associated drive means in order to provide drive force
from either end of the mixer. '

Altematively, one or more drive means may be provided in association
with one or more intermediate portions in order to reduce the strain on the furthest
mixing bodiés.

Typically, the drive mcans will include a driveshaft which extends into
the housing substantially perpendicularly to the main longitudinal axis of the housing,
whether through the end portions or one or more intermediate portions. '

One of the end portions will typically have at least one inlet. There
may be more than one inlet provided. Further, at least one primary inlet for process
fluid will be provided and at least one secondary inlet will be provided for catalyst
and/or alcohol. .

Normally, a single primary inlet is provided approximately centrally in
the upper end portion. A pair of secondary inlets are provided perpendicularly to the
primary inlet and offset from each other radially about the upper end portion.
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Normally, the secondary inlets will provide material direct!y onto at
least one mixing body. Preferably, each secondary inlet may be a conduit which
extends perpendicularly to the central longitudinal axis of the housing through the end’
portion, which will typically be ai least partially solid.

The inner end opening of each secondary inlet will typically be shaped
in order to correspond with the shape of a mixing body. In this way, the end of each
secondary inlet may closely match the shape of the mixing body to spread the material
introduced into the mixer over the mixing body.

One of the end portions, normally the one opposite the end portibn
having the inlets, will be provided with at least one outlet. Typically, the top end .
portion will have the inlets and the bottom end portion at least one oullc't. In this way,
the material may move through the mixer using the force of gravity, as well as being
forced through the mixer by the rotation of the mixing bodies. Norma]ly the outlet
will be located approximately centrally in the lower end portion. _

Each of the end portions will typically be configured to receive and
locate at least one, and typically a plurality of mixing bodies. Each end portion will
therefore have an outer side and an inner side. The inner side of the end portion will
typically have a stepped configuration where configured to receive multipfc mixing
bodies, with the number of steps equalling the number of mixing bodies.

According to a particularly preferred embodiment, where an end body
portion mounts three mixing bodies, the body portion will have three steps at different
levels on the inner wall. In this particularly preferred embodiment, each end of each
body portion will therefore be divided into three 'steps, with each step be
approximately 120° of arc. '

Normally, there will be a shaped opening in each step to at least
partially receive and locate cach mixing body. Normally, each opening in each step
will receive half of height of the mixing body. Normally, the inlet to the top end body
will be located above the topmost mixing body of the mixer. ’

According to a2 preferred configuration, each end portion has three
steps, each configured as a 120° arc portion, one of the 120° steps being a depression,
and one being a 120° upstand.

There will typically be a main opening and 2 pair of side openings with
the side openings receiving laterally extending axles provided on the mixing body and
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about which the mixing body will rotate. The main opening will preferably receive the ‘
toothed portion of the mixing body.

Bearings or low friction liners may be provided in association with
cach of the side openings in order to reduce the amount of wear in the openings or to
reduce the force required to rotate the mixing bodies.

Preferably, the main openings in the intermediate portions will definc a
circuitous path through which material can move under force provided by the mixing
bodies through the mixer from inlet to outlet.

. It is preferted that the main openings are closcly shaped to correspond
to the shape of the mixing bodies in order to allow rotation of the mixing bodies
within the openings but to limit all other movement. The toothed portion of the
mixing body will typically have a tight tolerance with a wall defining the main
opening in the end portions. h

As mentioned above, a preferred form mixer includes at least two end.
portions and at least one intermediate portion. Where provided, each intermediate

. portion will preferably have two end surfaces and each of the end surfaces will,

according to the particularly preferred cylindrical embodiment of the mixer, be
substantially circular.

Each of the two end surfaces will typically be divided into a number of
stepped portions according to the number of mixing bodies included in the mixer.
However, in the most preferred form, each end surface will have three steps.
Typically, mixing bodies will be mounted between the end surfaces of the
intermediate portion and the inner wall of the end portion. Funim. mixing bodies
will be mounted between adjacent end surfaces of adjacent intermediate portions.

Again, according to the particularly preferred embodiment, typically
three mixing bodies will be *sandwiched® between the end walls of adjacent body
portions. Therefore, each intermediate portion will typically mount six mixing bodies
or two pairs of three mixing bodies (one pair of three located at each end wall)
according to the particularly preferred embodiment.

' Each intermediate portion will typically mount at least two, and

- normally three mixing bodies between an intermediate portion and either an adjacent

intermediate portion or an end portion.
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Therefore, alternative preferred embodiments will have the following

configurations and numbers of mixing bodies:

Configuration No. of Mixing Bodies

Two end portions * | Three

Two end portions and one intermediate | Six
portion

Two end portions and two intermediate { Nine
portions

Each of the mixing bodies will be substantially circular in
configuration. As mentioned above, each of the bodies will have at least one and
typically a pair of axle portions extending from each side of a central toothed portion.

Each of the mixing bodies will preferably be configured or shaped as a
double mitre gear. Bevelled gears may be used, but mitre gears are preferred due to
the fact that intermeshing mitre gears have the same number of tecth whereas bevelled
gears are used to change speed and therefore adjacent gears may have different
numbers of teeth. According to the present invention, mitred ééats are preferred but
one or more bevelled gears may be used.

When viewed from the side, each mixing body will typically have an
axle portion extending from either lateral side of a substantially hexagonal shaped
central toothed portion. The axle portions will typically extend from a substantially
circular sidewall. The other walls of the hexagonal shaped central toothed portion
will typically be provided with a plurality of teeth.

These walls will typically be frustoconical in shape with the larger
diameter portions located back to pack to form a circumferential ridge about the
middle of the mixing body.

The angle of the mitre will typically differ according to the number of
mixing bodies included in the mixer. However, according to the preferred ‘I20° offset
configuration, each of the mitre gear shaped mixing bodies will have will have a pair
of toothed surfaces extending circumferentially around the mitre gear shaped mixing
body, each of the toothed surfaces extending at an angle of epproximately 30° to the
axis of rotation of the mixing body. '

The teeth may have any shape and/or configuration. For example, the
teeth provided may have a straight or spiral configuration. The mixing bodies of the
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preferred embodiment will typically have a low ratio in order to convert the majority
of the force into mixing force. Further, the teeth may have any shape such as straight,
or coniflex, with the shape of the teeth chosen to maximise the particular form of
mixing which is desired.

Lubrication of the inter-engaged mixing bodies will typically occur by
the material which is being mixed.

In a particularly preferred configuration wherein each intermediate
portion mounts six mixing bodies, the central axis of each mfxing body will
preferably be offsct at approximately 120° from cach of the other central axcs'.
Normally, the central axes of the mixing bodies will be aligned in a triangular
configuration when viewed along the central longitudinal axis of the housing.

Typically, the central axes of respective mixing bodies are spaced
along the length of the central longitudinal exis of the housing in a repeating pattern.

The central axes of adjacent mixing bodies of adj;:ccnt portions will
preferably be offset from one another.

The mixer will typically have an associated speed regulation system in

" order to control the speed of the mixing bodies.

The particular shape in configuration of the mixing bodies will
typically be chosen to optimise the horsepower or torque to be transmitted during the
mixing, the speed of the mixing bodies and the duty cycle of the mixer.

Portions of the mixer of the prescn't invention may be manufactured -
from different materials. For example, the body portions and outer housing may be
metal with the mixing bodies being either metal or composite or plastic. Of course,
the materials used will depend upon the materials being mixed.

The mixer of the present invention is particularly well adapted to mix
highly viscous liquid components, solids or pastes. It provides a shearing and/or
kneading action designed to disrupt attractive forces between particles of each
component to be mixed, breaking the bulk components into smaller particles by
disrupting the macroscopic forces binding the component particles to one another to
enhance the bixlng. The mixer of the present invention also utilises the shearing
and/or kneading action to force particles or physical!y’squash the particles of two or

more components together.
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The reactor tank is located after the alkali mixing process in order to
achieve primary separation of the glycerol from the FAME by settling. The reactor
tank is preferably within the raw oil tank }vhich acts as a heat exchanger and will .
normally be a substantially rectangular process vessel with a tapered lower portion to
allow the heavier fluid to be drawn ofY from a lower portion of the reactor tank. There
will normally be an inlet in the upper portion for the process fluid to be separated. At
least one, and preferably multiple outlets are provided spaced across the width of the
lower portion of the reactor tank. The internal volume of the reactor tank may be
provided with one or more internal baffles or separating parts.

The plant of the present invention includes a secondary heater and
vecuum tower for scparation of excess alcohol from the process fluid through
vaporisation under vacuum. In operation, a fluid having at least one volatile
component mixed therein enters through flows from the top of the sealed reactor tank
into the secondary heater generally including a tube and a heating clemcni. The
secondary heater is preferably located beneath the engine and above the raw oil tank.
Once flooded the re-heated fluid is fed continuously into the vacuum tower, which is
located on the process side of the plant. A vacuum is preferably drawn throughout the
tower. Vapour is removed from the vacuum tower through the vacuum pump and
overboard where it is preferably condensed at atmospheric pressure and stored
extemally to the plant. The fluid preferably flows over a series of dish-like trays
stacked vertically within the fower. The fluid is then collected and pumped out of the
bottom of the tower. ' '

Altematively, a chantrelle can be used as a separator including 2
substantially bell-shaped inner module having 2 crown, waist, separation surface and
lip with a mixture inlet extending upwardly through the crown and an outer hood
containing the inner module and having at Iéast one vapour outlet opening therein, the
inner module mounted for rotation within the hood.

In operation, a fluid having at least one volatile component mixed
therein enters through the mixture inlet and flows over the inner mociule during
rotation. Due 1o the shape of the inner module, the cross-sectional area of the -
separation surface and lip portions are approximately 100 times that of the inlet and
the inlet flow is adjusted such that the thickness of the mixture on the inner module
reduces as it flows downwardly across the surface of the inner moduie.
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A close fitting hood is fitted, through which air is preferably drawn
with a stimulated flow. Due to the shape of the inner module and/or the hood, the
airflow preferably travels around the surface of the inner module, in a helical pattern.
As the air rises through the air space between the inner module and the hood, its
velocity increases, and the pressure differential across the surface increases,
permitting the more volatile components of the mixture to escape the surface tension
of the mixture and be carried off in the airflow, whilst the less volatile component(s)
of the fluid flow down the inner module and off the lip to be collected below.

Without wishing to be limited by theory, the principle of operation is a
combination of Bernoulli’s Principle and Flash Evapbration. The degree of separation
will be affected mainly by the relative volatilities of the components, including the
differing boiling points of components entrained within the fatty acid methy! ester
FAME, the inlet flow rate, the rotation speed of the inner module and the flow rate of

- the mrthrough the air space.

" The separator of the pncscnt invention finds particular application in a
biodiesel manufacturing process to separate methanol from the FAME. The
temperature of the FAME is preferably approximately 65°C at the point of entry. The
FAME passes through the separator and is collected in a chamber under the inner
module. The alcohol is exhausted through the outlet where it passes over a condenser
and re-captured or exhausted through a charcoal based filter and released to
atmosphere.

The substantially bell-shaped inner module will typically be hollow. It
will further be substantially circular in cross-section, although the dimension of the
circular cross-section will typically change over the height of the module, narrowixig
towards the crown of the inner module.

The mixture inlet will typically be substantially centrally located
through the bell-shaped inner module. The mixture inlet will typically extend over the
height of the inner module from a planc adjacent or at the lip of the inner module and
through the crown of the inner module.

The crown of the inner module will preferably be arcuate, curving from
the iniet to an upper shoulder.

A lower portion of the inner module will typically be thicker as will an

upper portion of the inner module. Typically, the lower portion of the inner module
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will preferably extend from the waist of the inner portion, through the separation
surface portion and 1o the lip. The lower porfion of the inner module may be shaped in
this manner to provide weight distribution towards the lower side of the inner portion
as this may improve stability during rotation.

An upper portion of the inner module will typically be thicker as well.
Normally, the upper portion will extend from an upper section of the waist, across the
shoulder to the crown. The upper portion of the inner module may be substantiatlly
solid except for the mixture inlet. '

The inner module may be manufactured of any material suitable to
withstand what may be a harsh environment depending upon the mixture which the
separator is used to separate. Typically, the inner module will be manufactured of
metal, plastic or composite material.

The inner module use typically mounted for rotation about a central
axis which is typically coaxial with a central axis of the mixture inlet. Preferably, the
tubular inlet may be used as a mounting in order to rotate the inner module. Rotation
may be achieved using any mechanism or drive means to achieve the rotation.

The scparator of the present invention also includes an outer hood
containing the inner module and having at least one vapour outlet opening therein.
The outer hood is preferably shaped to correspond to the shape of the inner module. In
particular, an inner surface of the outer hood is preferably shaped to correspond to an
outer shape of the inner module. '

The inner surface of the outer hood is preferably spaced from the outer
surface of the inner module over its height. The separation distance between the inner
surface of the outer hood and the outer surface of the inner module may change over
the height of separator. Preferably, the separation distance is larger at an upper portion
of the separator than at a lower portion of the separator, The separation distance may
increase from the lower portion to the upper portion.

1t is also preferred that the crown of the inner module is separated from
the crown of the outer hood.

. The outer hood is preferebly generally frustoconical in shape with an
open bottom and a crown. _ .

Typically, the at least one vepour outlet is through the crown of the

outer hood. According to a particularly preferred embodiment, a single vapour outlet
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is provided approximately centrally ecross the crown of the outer hood and most
'preferrcd is that the vapour outlet is directly over the mixture inlet of the inner
module. The'alcohol vapour is exhausted through the outlet where it passes over a
condenser and re-captured or exhausted through a charcoal based filter and released to
atmosphere.

The outer hood will typicalI;' have a side wall which is thicker through
the waist then the portions at the crown, adjacent the side bow of the inner module
and at the lip. '

_ Preferably, when the inner module is fitted within the outer hood, an
annular opening is defined between the lip of the iﬁncr module and the lip of the hood
at a lower end of the separator. Liquid may exit through this annular opening and the
annular opening will also allow gas, preferably air, to enter the separator in a direction
opposite or substantially opposite to that of the mixture flow.

There will preferably be an additional settling tank located in the
process flow after the chantrelle. This settling tank may be used for further separation
of the FAME or bio diesel from other components remaining in the process flow.

There may also be one or more filters located after the vacuum tower
and or chantrelle in order to provide the bio diesel in as clean a form as is possible for
the use. At least one cellulose filter and at least one polishing filter are preferred.

~ One more pumps may be provided in association with the finished bio
diesel flow in order to move the bio diesel to its required location.

As stated above, glycerol is released in the chemical reaction, and has
to be collected. ' The amount of glycerol collected is broadly in line with the
concentration of catalyst, but in general terms, will be approximately 12% of the net
FAME output. The glycerol produced by the plant of the preferred embodiment is
typically contaminated with soaps, excess catalyst, methanol and other contaminants.

- The glycerol has a number of uses ranging from a source of heat if bumned at

temperatures in excess of 350°Celsius,

The glycerol is primarily settled out of the FAME in the reactor tank
and again in the settling tank and the polishing filter. Additional extraction of
impurities takes place in the filter between the delivcr;} pump and the polishing filter.
The reactor tank and the polishing filter. should have the collected glycerol drained

every hour, or thereabouts.
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The feedstock used according to the present invention can include most

oil bearing fruit or plants. Examples include:

com (maize) cashew nut oats
lupine kenaf calendul
cotton hemp soybean
coffee linseed (flax) hazelnut
cuphorbia pumpkin seed coriander
mustard seed camelina sesame
safflower rice tung oil tree
sunflower cocoa (cacao) peanut
opium poppy rapesced olive
castor bean pecan nuts jojoba
jatropha macadamia brazil nut
avocado coconut oil palm

Other feedstocks can be used with an appropriate adjustment of the
process conditions or parameters.

The process of making FAME is a chemical reaction that removes a
glycerol molecule that ties together carbon and hydrogen atoms in fatty acid chains
and replaces the broken bond with an alcohol (methanol) molecule on each chain.
Three chains bonded by a single glycerol molecule are triglycerides. As the oil ages,
it oxidises or deteriorates, and the number of triglyceride chains that break down
result in an increase of Free Fatty Acid (FFA) chains. Indeed, some crops have
charactcrfstically high Free Fatty Acid chains, such as olive oil. FFA is measured as a
percentage that is called the Acid Number. Oils with high Acid Numbers require a
pre-treatment, called esterification. _

The process of esterification uses a acid resin as a catalyst and
methanol (or cthanol) as the reagent. Transesterification, on the other hand, uses an
alkaline catalyst (sodium or potassium hydroxide) mixed with methanol (or ethanol)
as the reagent and is known as Sodium (or Potassium) Methylate (or Ethylate). The
precise mixtures depend upon the oil and its FFA Acid Number.

The plant of the present invention is capable of handling a range of
oils, as it has both esterification and transesterification. processes integrated into the
design. The plant of the present invention is also preferably a continuous process.

Brief Description of the Drawings.

Various embodiments of the invention will be described with reference

to the following drawings, in which: '
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Figure | is an isometric view from a first side of the plant of a
preferred embodiment of the present invention. .
Figure 2 is an isometric view from a second side of the plant illustrated
in Figure 1.
Figure 3A is plan view of the plant illustrated in Figure 1.
Figure 3B is a side elevation view of the plant illustrated in Flgurc 3A
from the direction illustrated in Figure 3A
Figure 3C is a side elevauon view of the plant illustrated in Flgure 3A
from the direction illustrated in Figure 3A.
Figure 3D is a side elevation view of the plant illustrated in Figure 3A
from the direction illustrated in Figure 3A.
Figure 4 is an isometric view of the container or housing of a
particularly preferred configuration of the present invention.
" Figure 5 is an isometric view of the main frame of a particularly
preferred configuration of the present Invention.
Figure 6 is an isometric view of an engine frame assembly according to
a particularly preferred cmbodimc;nt of the present invention.
Figure 7 is a view from abové of a separator hood according to a
preferred embodiment of the present invention.
Figure 8 is a view from below of the separator hood illustrated in
Figure 7. '
Figure 9 is a side view of a separator support module according to a
preferred embodiment of the present invention. _
Figure 10 is a view from beneath the scparator support module
itlustrated in Figure 9.
Figure 11 is a view from beneath an assembled separator according to a
preferred embodiment of the present invention.
) Figure 12 is a sectional view of the separator illustrated in Figure 11
along line A-A
Figure 13 is en isometric view of a mixer according to a preferred
embodiment of the present invention. '
Figure 14 is a view from the rear of the mixer illustrated in Figure 13.
Figure 15 is a view from the front of the mixer illustrated in Figure 13.
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Figure 16 is a view from the left of the mixer illustrated in Figure 13.

Figure |7 is a view from the right of the mixer illustrated in Figure 13.

Figure 18 is an isometric of an intermediate portion of a modular mixer
according to a preferred embodiment of the present invention.

. . Figure 19 is a view from below of the portion illustrated in Figure 18.

Figure 20 is a view from above of the portion illustrated in Figure 18.

Figure 21 is a view from the front of the portion illustrated in Figure
18.

Figure 22isa view from the left of the portion illustrated in Figure 18.

Figure 23 is a view from the rear of the portion illustrated in Figure 18.

Figure 24 is a view from the right of the portion illustrated in Figure
18.

Figure 25 is a view from the top of the mixer illustrated in Figure 13 .
which is a mirror image of the bottom of the mixer.

Figure 26 is a view from above of the top portion of a mixer according
to a preferred embodiment of the present invention, with the mixing bodies removed.

Figure 27 is a side view of the top portion of a mixer illustrated in
.Figure 26. '

Figure 28 is a detailed view of the inlet of a mixer according to a
preferred embodiment.

Figure 29 is an isometric view of an upper intermediate portion of the
mixer according to & preferred embodiment, with the mixing bodies removed. '

Figure 30 is an isometric view of a lower intermediate portion of the
mixer according to a preferred cmbodimer;t. with the mixing bodies removed.

Figure 31 is an isometric view from a first side of a settling tank
according to a preferred embodiment.

Figure 32 is an isometric view from a second side of the settling tank

illustrated in Figure 31.

Figuer 32A is a plan view of the settling tank illustrated in Figure 31.

Figure 32B is a side view of the settling tank illustrated in Figure 31,

Figuer 32C is a front view of the settling tank illustrated in Figure 31.

Figure 33 is an isometric view of a heater tank according to a preferred
embodiment of the present invention. )
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Figure 34 is an isometrc view from a first side of a further preferred
embodiment of the biodiesel manufacturing apparatus,

Figure 35 is an isometrc view from a second side of the biodiesel
manufacturing apparatus illustrated in Figure 34.

Figure 36 is a plan view of the the biodiese] manufacturing apparatus

" illustrated in Figure 34,

Fig\;rc 37 is a side elevation view of the the biodiesel manufacmti;lg
apparatus illustrated in Figure 34 from the direction shown in Figure 34.

Figure 38 is a side clevation view of the the biodiese]l manufacturing
apparatus illustrated in Figure 34 from the direction shown in Figure 34,

Detailed Description of the Preferred Embodiment,

According (o a particularly pnférred embodiment, a portable biodiesel
manufacturing plant is provided. ' ‘

According to a preferred embodiment, the biodiese! manufacturing or
processing plant for processing on continuous basis a process fluid from a raw plant
based oil feedstock includes a housing containing main frame relative to which a
power generation reans and process equipment is mounted.

The process equipment inlcudes an inlet for raw vegetable oil from an
oil bearing plant crop or from waste vegetable oil from another source, a raw oil
heating vessel 60 one preferred form of which is illustrated in Figure 33, a trans-
esterification subprocess including an alkali dosing mechanism to dose the process
fluid in the presence of an alcohol, a powered. sheer mixer to'mix the alkali, alcohol
and process fluid, a preferred form of which is illustrated in Figures 13 to 30, a reactor
and primary separator 61 for separation according to gravity, a secondary separation
for separation of alcohol from the process fluid through a differential pressure
vaporisation process, and one or more settling tanks 62.

The plant of the present invention includes a trans-estenification
subprocess includ}ng an alkali dosing mechanism to dose the process fluid in the
presence of an alcohol and a reactor tank for primary separation of glycerol from the
process fluid. Sujtable process equipment is provided in the plant to facilitate this sub-
process. .

The process fluid is subjected to a trans-esterification sub-process in
order to form the preferred fatty acid methyl ester (FAME). The trans-esterification
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sub-process will normally be after primary esterification c;r if the raw vegetabdle oil
does not require esterification as a pre-treatment, after primery heating.

The process fluid once mixed with appropriate chemicals for trans-
esterification will normally proceed to a trans-esterification settling tank, or a reactor
tank. The residence time in the reactor tank will be dependent upon required
production output, temperature, and the size of the reactor tank will typically be
determined according to the maximum production output and requi;'ed residence time.
It may also be dependent upon the particular raw oil feedstock.

The alcohol used will preferably be methanol or ethanol or another
alcohol could be used in the trans-esterification sub process.

Again, the mixing or dosing of the process fluid with the alkali in the
presence of an alcohol takes place in a mixing vessel in order to ensure a consistent
mix with two pumps provided in order to dose the alkali and/or the alcohol into the
process fluid. . '

The preferred alkali is sodium or potassium hydroxide and methanol or
ethanol as the reagent. A preferred mixture is known sodium (or potassium) methylate
(or cthylate). ‘

The housing 50 for the plant of the illustrated preferred embodiment is
preferably a container mountable relative to an intemal frame assembly a preferred
form of which is illustrated in Figure 1. Typically, the frame assembly 10 includcs a
base or main frame 11 to which is mounted an engine mounting frame subassembly
12.

The main frame assembly 11 is usually mounted 450mm above the
ground but adjusters in the anchor legs 13 ma.y be provided to permit the unit to be
levelled. ‘

The housing 14 (a preferred form of which is illustrated in Figure 4) is
normally provided as a lightweight, typically plastic housing with a humber of doors
15in order to allow access to the interior of the housing and ventillation through the
housing, when the plant is operational.

The interior of the housing will normally be divided into at least a pair
of compartments in order to house particular components of the manufacturing plant.
In particular, the orientation of the housing in Figure 4 is the same as the interal
configuration illustrated in Figure 2. In particular, a first compartment 16 at one end

,
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of the housing 14 preferably contains the power generation means (not illustrated for
clarity purposes) mounted on the engine mounting frame subassembly 12 and a
second compartment 17 at the other end of the housing for the process equipment.

The housing 14 is preferably fully sealable from the environment, but
will normally be provided with at ventilation openings and/or doors 15. It is preferred
that ventilation driven by natural air flows is used. In order to provide such
ventilation, doors 15 are provided in two of the sidewalls in order to allow the escape
of heavier than air gases. One or more observation windows §8 may also be
provided.

The housing is spaced above the ground surface or mount surface to
promote natural flow under the container and circulation within the process area -
within the housing through a mesh or grate floor provided in the main frame assembly
11.

The main frame assembly 1! will normally be provided with
lifting/securing/transport points 46. Lift points 46 of the preferred embodiment are
provided at at least some of the comers of the main frame assembly 11, normally at
each of the four comers adjacent each comer such that at least two points are provided
on each of at least two sides of the container. ’

Normally, the main frame assembly 11 is provided with a plurality of.

. Jegs 13. A particularly preferred height will be 450 mm above the ground or mount

surface. It is preferred that the legs 13 used to mount the container are adjustable to
allow for height adjuétment of the main frame assembly and also to provide levelling
capabilities. '

The container and/or the legs 13 of the main frame assembly will
normally be mounted relative to a plinth or slab laid on the ground surface. The slab
will preferably be or include concrete and will normatlly be reinforced.

As illustrated in Figure S, the main frame assembly 11 includes a base
wal] platform 45 relative to which the components of the plant are mounted.
Normally, the shape of the platform is defined by a rigid frame made of 4 plurality of
frame members 47.

Each frame member 47 is rigid and strong and for this reason, a metal
is preferred. Each frame member 47 will also preferably be substantially hollow.
According to a preferred embodiment, the frame members 47 used will not only
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function to support the platform 45 to which the compo}xcnts of the plant are mounted,
but can also typically be used to store fluids at least temporarily. The main frame
assembly 11 is typically used to store hydraulic oil or similar for operation of the
power generation means or process equipment and the engine mounting frame
subassembly 12 will be used to store diesel fuel used to power the power generation
means until production capacity allows the biofuel 1o be sustituted. Therefore, the
frame members 47 of each assembly will typically be linked to one another to form a
storage tank.

) The platform 45 will typically take the form of a substantially planar
member attached to the frame, The platform 45 illustrated is a rigid mesh as this may
increase airflow through the plant during operation. '

As mentioned briefly above, an engine mounting frame subassembly
12 is lyplcally mounted to the main frame assembly 11 in order to mount a power
generation means relative to the main frame assembly 11, but separately to the
process equipment. A preferred form of the engine mounting frame subassembly is
illustrated separately in Figure 6 allowing the mounting of the power generation
means panially above the process equipment on the main frame assembly I1°
illustrated in Figure S.

Anti vibration mounts 19 are typically provided between the engine
mounting frame subassembly and power generation-means.

" Also illustrated in Figure S are the forklift tyne openings 20 in the main
frame assembly 11 which allows the plant to be moved using a conventional forklift.
A mounting assembly 21 for the control equipment is provided on the main frame
assembly 11 and a fluid level gauge 22 is also provided an an upright of the mounting
assembly 21.

The engine mounting frame subassembly is also preferably provided in
a fluid tight configuration and preferably functions as a tank for diesel fuel (either
fossil or biodiesel) which can be used to power the power generation equipment.
Nomnally, there will be a gauge or similar level indicator associated with each of the
engine mounlifxg frame subaséembly and the main frame assembly. A fill point 23 is
illustrated in Fighrcs 1 to 3D for replenishing the diesel fuel in the engine mounting
frame subassembly 12 and a fill point 24 is also illustrated in those Figures for
replenishing the hydraulic oil in the main frame assembly 1.
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The housing is provided with walls in order to enclose the plant. It is
preferred that a number of doors 15 or other openings are provided in the walls of the
housing. .

During operation, the doors 15 are opened, again to promote airflow
through the plant but the doors 15 will normally be closed or sealed for transport and
prior to location onsite. The doors 15 can also be closed when the plant is not in
operation in order to securc the plant against local wildlife or potentially against
vandals. According to the preferred embodiment, & pair of doors 15 are provided in
cach of the end walls (the end walls being located adjacent either the power
generation means or the process equipment).

An access panel 49 with observation window 18 is provided to access
the controls (not shown) for the plant which are mounted on the mounting assembly
21.

The walls and doors or movable members will typically'be formed
from a light metal but materials such as plastic, provided it is sufficiently rigid and
strong could be used in the alternative. i

According to a preferred embodiment, the mixer 110 is provided
having & numbe;' of .mixing bodies 111, the axis of rotation for each of the mixing
bodies offset by 120°,

According to the preferred embodiment illustrated in Figures 13 to 25,
a cylindrical mixer is provided. An altemative configuration of mixer is provided in
figures 26 to 30 in which substantially rectangular intermediate body portions are
used.

The mixer 110 of both of these preferred embodiments includes an
outer housing having a central longitudinal axis, a top end portion 112, a bottom end
portion 113 and a pair of intermediate portions 114.

Each portion has af least three toothed mixing bodies 111 associated

therewith. The toothed mixing bodies 111 of the respective portions interengage and

ecach rotates about a central axis, with the respective axes offset radially and spaced
along the central longitudinal axls of the mixer 110.

The housing is typically modular in nature with a number of portions
being attached together to form the mixer, with the number of portions and their
particular configuration chosen according to the application.
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As illustrated, the body portions mount the mixing bodies. According
to the illustrated embodiments, the body portions are basically solid portions with.a
number of openings (obscured) therein to at least partially receive the mixing bodies.

According to the first preferred embodiment illustrated in Figures 13 to
25, cach of the body portions whether intermediate 114 or end portions have a
circumferential, transversely extending flange 115 with a number of openings 116
there through in order to receive elongate fasteners (not shown) to attach the portions
to each other. Each intermediate portion will typically have a pair of transversely
extending flanges, one et either end, and each end portion will typically have a single
transversely extc}xding flange. ] '

In an alternative embodiment, ‘each of the body portions, whether
intermediate or end portions may have a solid circumferential portion such as that
illustrated in Figures 26 to 30, having a number of openings 116 there through in
order to receive ¢longate fasteners (not shown) to attach the portions to each other.

The illustrated body portions are fixed together using elongate
fasteners extending substantially parallel to the longitudinal axis of the housing. '
Normally, these clongate fasteners are threaded rods and using the rods, a
compressive force can be applied to the end portions and the sandwiched body
portions, to seal the respective end and intermediate body portions together.

. The body portions illustrated are stepped portions. Normally, the
number of steps in each body portions equals the number of mixing bodies 111 which
the body portion mounts. '

As best illustrated in Figure 29 and 30, a drive means (not shown) will
normally be provided to attach to one or more intermediate portions 114 via an
attachment depression 117 and the drive means will normally extend into the housing.
Because the mixing bodies in the mixer interengage with one another, driving one of
the mixing bodies 111 causes sympathetic rotation of the other mixing bodies. One
exainple of drive means which may be used is a driveshaft associated with a bevelled
or mitred gear to mesh with at least one of the :mxmg bodies. ’

According to the embodiment illustrated in Figures 29 and 30, a
driveshaft (not shown) extends into the housing substantially perpendicularly to the
main longitudinal axis of the housing, through two of the intermediate portions 114.
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The top end portion of the preferred embodiment illustrated in Figures
26 to 28 has an inlet 118. The inlet 118 provided allows injection of material directly
onto at least one of the mixing bodies 111, The preferred form of inlet includes a
conduit 120 which extends perpendicularly to the central longitudinal axis of the
housing through the body of the end portion.

The inner end 119 of the inlet is :shaped in order to correspond with the
external shape of a mixing body and the inner end is provided in a shaped opening
located in a sidewall of an opening that receives a mixing body. In this way, the end
of the inlet illustrated closely matches the shape of the mixing body 111 to spread the
material introduced into the mixer over a shaped area 121 of the mixing body 111.

The bottom portion has an outlet. The material will then move through
the mixer 110 using the force of gravity as well as being forced through the mixer by
the rotation of the mixing bodies 111.

Each of the end portions illustrated is configured to receive and locate
three mixing bodies 111. Each end portion has an outer side and an inner side, The
inner side of the end portion has a stepped configuration to receive multiple mixing
bodies 111, with the number of steps 121 equalling the number of mixing bodies 111.

According to the illustrated preferred embodiment, where the end
bodies mount three ;11ixing bodies 111, the end body portion has three steps i22 at
different levels on the inner wall. In this embodiment, each end of each body portion
is divided into three steps 122, with each step being approximately 120° of arc.

According to the illustrated configuration, each end portion has three
steps 122, each configured as a 120° arc portion, one of the 120° steps bcing a
depression, and one being & 120° upstand. Further, each of the intermediate portions
has three steps 122 at either end, each step configured as a 120° arc portion, one of the
120° steps being a depression, and one being a 120° upstand.

As illustrated in the preferred embodiment in Figures 29 end 30, there
will be & shaped opening 123 in each step 122 to at least partially receive and
positively iocate each mixing body 111. Normally, each opening 123 in each step 122
receive half of height of the mixing body 111. .

Each mixing body receiving opening illustrated in Figures 26, 29 and
30 has a main opening 124 and a pair of side openings 125 with the side openings 125
receiving laterally extending axles’126 provided on either side of the mixing body 111
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and about which the mixing body 111 rotates. The main opening 124 receives a
toothed portion 127 of the mixingbody 111.

According to this described embodiment, the main openings 124 in the
end portions will be depressions whereas the main openings 124 in any intermediate
portions together define a circuitous path through which material can move under
force provided by the mixing bodies 111 through the mixer from inlet to outlet whilst
the side openings 125 will support the mixing bodies 111 for rotation.

- The main bpcnings 124 are closely shaped (o correspond to the shape
of the mixing bodies 111 in order to allow rotation of the mixing bodies 111 within
the openings but 'to limit all other movement. The toothed portion 127 of the mixing
body 111 has a tight tolerance with the walls defining the main opening in the end
portions, '

According to the illustrated mixer, three mixing bodies are mounted
between the end surface of an intermediate portion and the innef wall of the adjacent
end portion. Further, three mixing bodies are mounted between adjacent end surfaces
of adjacent intermediate portions.

Again, according to the particularly preferred embodiment, typically
three mixing bodies are "sandwiched" between the end walls of adjacent body
portions. Therefore, each intermediate portion will typically mount six mixing bodies
or two pairs of three mixing bodies (one pair of three located at each end wall)
according to the illustrated preferred embodiment. .

Each of the preferred mixing bodies 111 illustrated is substantially
circular in configuration. As mentioned above, each of the mixing bodies 111 has a
pair of axles 126, one extending from each side of a central toothed portion 127.

Each of the mixing bodies 111 illustrated is shaped as a double mitre
gear. ‘

When viewed from the side, each mixing body 111 has an axle 126
extending from either Iatcral'side of a substantially hexagonal shaped central toothed
portion 127. The axles 126 extend from a substantially circular sidewall which may be
concave. The other walls of the hexagonal shaped central toothed portion are
typically frustoconical in shape (with the large diameter portions back to back) and
are provided with a plurality of teeth.
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The angle of the mitre will differ according to the number of mixing
bodies included in the mixer. However, according to the illustrated preferred 120°
offset configuration, each of the mitre gear shaped mixing bodies 111 has a pair of -
toothed surfaces extending circumferentially around the mitre gear shaped mixing
body 11, each of the toothed surfaces extending at an angle of approximately 30° to
the axis of rotation of the mixing body 111.

The teeth may have any shape and/or configuration. For example, the
lgelh illustrated have a straight configuration. The mixing bodies of the preferred
embodiment will typically have a low ratio in order to convert the majority of the
foree into mixing force. Further, the teeth may have any shape such as straight, or
coniflex for example, with the shape of the teeth chosen to maximise the particular
form of mixing which is desired.

Typically, the central axes of respective mixing bodies 111 are spaced
along the length of the central longitudinal axis of the housing in a repeating pattern.

The central axes of adjacent mixing bodies of adjacent portions are
radially ofTset from one another.

The mixer will typically have an associated speed regulation system in
order to control the speed of the mixing bodies.

The reactor tank 61 is located after the alkali mixing process in order to
allow time for the transesterification reaction to occur and to achieve primary
separation of the glycerol from the FAME, primarily by settling. The reactor tank 61
of the preferred embodiment can be a substantially rectangular process vessel with a
tapered lower portion to allow the heavier fluid to be drawn off from a lower portion

. of the reactor tank. The reactor tank 61 is situated such that it uses the adjacent raw oil

tank 60 as a heat exchanger. There will normally be an inlet in the upper portion for
the process fluid to be scparated. At least one, and preferably multiple outlets are
provided spac.ed across the width of the lower portion of the reactor tank. The internal
volume of the reactor tank may be provided with one or more intemal baffles or
scparating parts over which the clear FAME flows lcaving the heavier components
behind to be drawn off.

. The reactor tank therefore preferably functions as both a reactor tank
and a settling tank. Removal of one or more of the products from the reactor/settling
tank, typically the glycerol, can be used to drive the transesterification reaction to
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higher conversions.

According to the alternative preferred embodiment illustrated in
Figures 31 and 32, a combined reactor tank and settling tank 65 can be provided. The
combined reactor tank and settling tank illustrated functions as a reactor tank due to
the residence time of the fluid in the tank. Also due to the residence time and the
particular configuration of the internal baffle assemblies within the tank, the tank will
also function to separate lighter fluid fractions from heavier fluid fractions. The
heavier and lighter fluid fractions can be drawn off separately.

In particular, the reactor tank and settling tank is generally rectangular
but with a tapered wall 24 which tapers to a generally planar basewall 25. A pair of
outlets 29 and 29" are located through the generally planar basewall 25 but the origin
of each of the outlets differ.

An inlet 26 is provided at the upper portion of the reactor and settling
tank, generally above the outlets. The inlet 26 is configured as a tubular inlet with a
substantially vertical conduit portion 27 connected to at least.one substantially
horizontal arm 28 with a number of openings therein to allow fluid which enters the
reactor and settling tank through the inlet 26 to be dispersed within the tank.

As mentioned previously, the tank has an internal baffle arrangement
which assists with the settling. In particular, a substantially vertical first baffle 30
extends downwardly from an upper wall 33 is preferably provided spaced from the
inlet 26. The lower portion of this first baffle 31 is typically directed downwardly and
back towards the wall mounting the inlet 26. A second baffle 31 extends upwardly
with a free end spaced from the upper wall 33 further from the inlet 26 than the first
baffle 30. A lower portion 34 of the second baffle 31 abuts the wall mounting the inlet

+26 and preferably, a first outlet 29 is provided in the lower portion. Normally, the

heavier fraction of the fluid is drawn off from the volume between the second baffle
31 and the wall mounting the inlet 26. A third baflle 32 is typically provided spaced
from the second baffie 31 further from the inlet 26 than the second baffle 31. The
third baffle 32 preferably has a configuration similar to the first baffle 30.

A second outlet 29° is preferably provided in a lower portion of the
reactor and settling tank 65 which allows fluid to be drawn off from the lowest point
in the tank,

Still further, the third outlet 35 may be provided. As illustrated, the
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third outlet 25 is provided on the wall 36 opbositc the wall mounting the inlet 26. This
outlet 35 is preferably the opposite configuration to the inlet 26, being a tubular outlet
with a substantially vertical conduit portion 37 connected to at least one substantially
horizontal arm 38 with a number of openings therein to allow fluid entering the am
38 to collect in the substantially vertical conduit portion 37 and proceed to the inlet
26. In the outlet configuration, the substantially vertical conduit 37 is normally below
the horizontal arm 38 whereas in the tubular inlet configuration, tl;c‘ vertical conduit
portion 27 is above the horizontal arm 28. .

Fluid will typically flow through the reactor and settling tank in a
circuitous route providing residence time and allowing the mixed fluid entering the
reactor and settling tank to scparate under gravity into different fractions so that the
different fractions can be drawn off from different points within the reactor and
settling tank 65 ’

It is preferred that the outer vessel of the tank is fluid tight, no.nnall y of
metal with a welded construction. The tank being generally rectangular normally has
a lid or upper wall 33 which is typically fully welded to the remainder of the tank.
Preferably, the tank is maintained in an upright position with the tapered wall 24
towards the lower end by a substantially L-shaped mounting foot 39 formed fl"om a

_ number of members. Other vents or inlet/outlets 40 can be provided through one or

more sidewalls. Nuts 41 are welded in the wall to allow attachment to a portion of the
frame assembly.

’ The vacuum evaporation separation assembly 301 used according to a
preferred embodiment of the present invention operates on the pronciple that if a
liquid is heated while under vacuum, the boiling point of the liquid will be decreased
which will also reduce the amount of heat energy needed to boil the liquid.
Therefore, by applying a vacuum and separating the more volatile alchohols from the
less volatile FAME, a reduction in encrgy usage can be achieved and also typically
more effective separation of the components.

Generally a heating step will be included but the heater may be located
within the vacuum separation tower 303. Provided that the separated vapour can be
removed and there is an outlet for the FAME, the configuration of the process vessel
itself is not essential.

A heater of the preferred embodiment is preferably as illustrated in
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_ Figure 33. The heater 41 can be used as a part of the vacuum evaporation process step

but preferably, is used as a raw oil heater. The heater 41 is & generally rectangular

vessel including an inlet 42 in a lower portion of one of the end walls and an outlet 43

in an upper portion of an opposite end wall. The inlet is configured as an elongate

tubular inlet and the outlet is configured as an elongate tubular outlet, each with a*
number of openings in the sidewall of the tube for dispersion of the liquid within the

heater 41. )
' A thermometer 68 is typically provided in the heater 41 in order to
assess the temperature in the heater. A level switch is 67 typically used in order to
ensure that sufficient fluid remains in the heater 41 for use in the process. Normally, a
drain 69 is also provided through a lower wall of the heater and a vent 70 is provided
through an upper wall.

The heater is normally heated through the provision of & heating
clement or similar which typically is located within the heater through a heater socket
66. The heater socket 66 is normally provided in one of thé end walls,

‘ According an alternative embodiment, a chantrelle separator 95 may be
used instead of the vacuum evaporation separation assembly 301. Where provided,
the chantrelle 95 is preferably located directly above and in fluid communication with
the secondary settling tank 62 (indicated on Figure 1 and 2) and includes a
substantially bell-shaped inner module 211 (illustrated in Figures 9 and 10) having a
crown 212, waist 213, separation surface 214 and lip 215 with & mixture inlet 216
extending upwardly through the crown 212 and an outer hood 217 (illustrated in
Figur'cs 7 and 8) containing the inner module 211} and havi.ng a vapor outlet 218
opening therein, the inner module 211 mounted for rotation within the outer hood
217.

In operation, a heated fluid having at least onc volatile component
mixed therein, enters through the mixture inlet 216 and flows over the inner module
211 during rotation, Due to the shape of the inner module 211, the cross-sectional
area of the separation surface 214 and lip 215 portions are approximately 100 times
that of the mixture inlet 216 and the inlet flow is such that the thickness of the mixture
on the inner module 2] 1 reduces as it flows downwardly across the surface of the

inner module 211,
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A close fitting hood 217 is fitted, through which air is preferably drawn
with a stimulated flow. Due to the shape of the inner moéulc 211 and/or the hood
217, the airflow travels around the surface of the inner module 211 in a helical
pattern. As the air rises through the air space between the inner module 211 and the
hood 217, its velocity increases, and the pressure differential across the mass transfer
or vapourisation surface of the liquid mixture increases, permitting the more volatile
components of the mixture to escape the surface tension of the mixture and be carried
off in the airflow, whilst the less volatile component(s) of the fluid flow down the
inner module 211 and off the lip 215 to be collected below.

The degree of scparation will be affected mainly by the relative
volatilities of the components of the mixture as well as other parameters such as the
temperature of the feed mixture, the inlet flow rate, the rotation speed of the inner
module 211 and the flow rate of the air through the air space.

The separator 210 of the illustrated embodiment finds particular
application in a biodiese] manufacturing process to separate methanol (more volatile
component) from the fatty acid methyl ester (FAME) (less volatile component or
mixture). The temperature of the FAME is preferably approximately 55°C at the point
of entry. The FAME passes through the separator 10 and is collected in a chamber
(not shown) under the inner module 11. ‘

As illustrated in Figures 7 and 8 in particular, the outer hood 217 is
generally frustoconical in shape with an open bottom 219 and a crown 220, A single
vapour outlet {8 is provided through the crown 220 of the outer hood 217.

The substantially bell-shaped inner module é!l is hollow and
substantially circular in cross-section, although the dimension of the circular cross- -
section changes over the height of the module 211, narrowing towards the crown {2
of the inner module 211. .

The mixture inlet 216 is substantially centrally located through the
bell-shaped inner module 211, extending over the height of the inner module 211
from a planc a(.ijaccnt or at the lip 215 of the inner module 21 { and through the crown
212 of the inner module 211.

The crown 212 of the inner module 211 is arcuate, curving from the
inlet 216 to an uppc‘r shoulder 221.
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As illustrated best in Figure 12, a lower portion of the inner module
211 is thicker as is an upper portion of the inner module 211, The thicker lower
portion of the inner module 211 extends from the waist 213 of the inner module,
tiu'ough the separation surface 214 portion and to the lip 215.

An upper portion of the inner module 211 is thicker as well. The upper
portion extends from an upper scction of the waist 213, across the shoulder 221 to the
crown 212 forming an upper portion of the inner module 211 which is substantially
solid except for the mixture inlet 216.

The inner module 211 is mounted for rotation about a central axis

which is typically coaxial with a central axis of the mixture inlet 216. The tubular

inlet 26 may be used as a mounting means in order to rotate the inner module 211.
Rotation may be achieved using any mechanism or drive means to achieve the
rotation. '

As best ijllustrated in Figure 12, the outer hood 217 is shaped to
correspond to the shape of the inner module I1. In particular, an inner surface of the
outer hood 217 is shaped to correspond to an outer shape of the inner module 211.

The inner surface of the outer hood 217 is spaced from the outer
surface of the inner module 211 over its height with the separation distance between
the inner surface of the outer hood 217 and the outer surface of the inner module 211
narrowing over the height of separator, towards the top of the separator 210. The
separation distance between the hood 217 and the inner module 211 is larger at an
upper portion of the separator 210 than at a lower portion of the separator,

The crown 212 of the inner module 211 is separated from the crown
220 of the outer hood 217.

According to the illustrated embodiment, a single vapour outlet 118 is
provided approximately centrally across the crown 120 of the outer hood 117 and
directly over the mixture inlet 116 of the inner module 111. .

The outer hood 217 illustrated in Figure 12 has a side wall which is
thicker through the waist than the portions at the crown, adjacent the separation
surface 14 of the inner module and at the lip.

As illustrated in Figure 12, when the inner module 211 is fitted within
the outer hood 217, an annular opening 222 is defined between the lip 215 of the inner
module 211 and the lip of the hood 217 at a lower end of the separator 210. Liquid
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can exit through this annular opening 222 and the annular opening 222 will also allow
gir to enter the separator 210 in a direction opposite or substantially opposite to that of
the mixture flow.

According to the embodiment of the present invention illustrated in
Figures 1 to 3D, the biodiesel manufacturing apparatus includes a heated cauldron 99
for primary separation of glycerol from the process fluid located in the process stream
after the mixer. The heated cauldron 99 is mounted above and immediately adjacent
the hot oil tank 60, Also illustrated in this particular embodiment is a secondary
settling tank 62 located in the process flow.. This settling tank may be used for further
separation of the FAME or bio diesel from other components remaining in the process
flow. The chantrelle 95 (a preferred form of which is illustrated in Figures 7 to 12) for
separation of excess alcohol from the process fluid through a differential pressure
vaporisation process is mounted directed above and usually in fluid commumcauon
with the secondary sctt!mg tank 62 in the location illustrated.

The prcfemd embodiment illustrated in Figures 34 to 38 differs from
that illustrated in Figures 1 to 3D in a number of ways but primarily in the provision
of a combined reactor and primary separation vessel 61 and in the replacement of the
chantrelle 95 and secondary settling tank 62 with a vacuum evaporation separation

“assembly 301.

The vacuum evaporation separation assembly 30! illustrated inclucies a
secondary heater 302 and vacuum tower 303 for separation of excess alcohol from the
process fluid through vaporisation under vacuum. A paricularly preferred
configuration for the secondary heater ;s illustrated in Figure 33.

In operation, a fluid having at least one volatile component mixed
therein éntcrs through flows from the top of the sealed reactor tank into the secondary
hcater generally including a tube and a heating element. Once the secondary heater
302 is flooded, the re-heated fluid is fed continuously into the vacuum tower 303,
which is located on the process side of the plant. A vacuum is preferably drawn
throughout the tower 303 by a vacuum pump 304. Vapour is removed from the
vacuum tower 303 through the vacuum pump 304 and overboard where it. is
preferably condensed at atmospheric pressure and stored externally to the plant. The
fluid preferably flows over a series of dish-like trays stacked vertically within the
tower 303. The fluid is then collected and pumped out of the bottom of the tower 303.
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As illustrated in Figures 34 to 38, there may also be one or more filters
located after the separation process steps in order to provide the biodiesel in as clean a
form as is possible for the use. In this embodiment a pair of cellulose filters 305 and
one polishing or finishing filter 306 are provided. The filters are illustrated in the
embodiment illustrated in Figures 34 to 38, but not in the embodiment illustrated in
Figures 1 to 3D. A similar configuration will however normally be provided in the
embodiment illustrated in Figures | to 3D.

One more pumps 63 will be provided in association with the chemicals
required for the esterification and trans-esterification reactants and/or the finished bio
diesel in order to move the bio diesel to its required location. A finished biodiesel
storage tank may be prov:ded The pumps are illustrated in the embodiment iltustrated
in Figures 1 to 3D as well as the embodiment illustrated in Figures 34 to 38.

Also illustrated in Figures 34 and 36 and located in a similar location in
the embodiment illustrated in Figures 1 to 3D are a pair fo mixers 98, normally one
provided for alkali mixing and the other for acid mixing as required.

Electrical system

All electric motors to provide power to the pumps and the like are
located outside the process area, in the power generation end of the housing. Control
wiring and valve operating servos are low voltage with th;: cabling shielded and led to
the control panel through a gas tight gland. L

All lights and waming indicators are LED’s or LCD's where
appropriate. The control panel is located outside the process area.

Ventilation '

Where possible, natural air flow is encouraged. The container itself is
mounted on legs some 450 mm above a concrete plinth ensuring a natura} flow of air
under the machine encouraging the circulation of air within the process area.

Air from an engine driven cooling fan can be ducted and split to
provide the necessary airflow to positively vent the methanol vapours and to provide a
positive flow of ventilating air. As this fan is not driven by any electrical device, the
risk of spark is eliminated.

Servicing
The servicing regime is minimal, however certain items are essential.

o The engine manufacturer’s recommendations are to be followed rigidly. Oil
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changes should be undertaken every 250 hours.
¢ The coolant should be blended in accordance with the manufacturer’s
- recommendations,
o Filters on the oil feed from the expelier must be cleaned daily.
¢ The zeolite column must be cleaned daily, and replaced every 10,000 litres.
o The filter elements in tixe polishing system must be cleaned every day.
e * The oil tank should be drained of any condensation or water prior to starting
cvery morning. ‘
o The fuel holding tank should be drained of moisture daily.
Installation on Site -
It is recommended that, where possible, the plant of the present
invention is mounted on a level, hard foundation, not less than 4 metres x 4 metres.
Within the square a hollow section is excavated, approximately 2.5 metres x 2 metres

x 0.5 metres. The excavated section should be completely filled to its maximum .

depth with Zeolite for containment of spills and to reduce noise.

There is a considerable amount of traffic around a plant of the present
invention: the movement of chemicals, the movement of finished, product and the
movement of people. The products of the process and the chemicals used in the
process are dangerous and can cause serious inju;y if mishandled. It is imperative
that the recommendations of the distributor ‘are fully considered and applied
rigorously. .

In operation, there is always a risk of fire, so smoking in the vicinity of
15 metres of the plant of the present invention is nbsoldtcly forbidden. .

When the plant of the present invention is delivered, an earthing or
grounding rod should be driven firmly into the ground. The container's feet will be
delivered loose. .

When the plant of the present invention is lifted from the truck - it
weighs approximately 2,700 kgs upon delivery — the container should first be rested in
its approximate position on trestles (s.upplied by the distributor for this stage of the
installation). The feet should be firmly attached to the bottom frame. '

The plant of the present invention should be placed in position and the
holes in the feet marked on the solid base. The container is removed to permit access
to drill the locating bolts, which will be either chemical anchors or expanding bolts.
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The plant of the present invention will be swung into position
. After checking that the machine is adjusted for level by shimming the
feet, it can be secured to the base.

The earth or ground strap terminals should be checked for tightness,
and the cable secured under the machine.

The plant may include a preliminary step of an esterification sub-
process including a reactor in which the process fluid is reacted with alcohol via
selective esterification by a catalyst before the trans-esterification process.

This esterification sub-process may be provided in a eramte module
that is connectable in line with the raw oil lines from the source. Normally, if the
esterification module is provided, the raw oil will proceed through that process prior
to the trans-esterification process. The raw oil will normally be heated in a raw oil
heating tank, normally a heai exchanger., The heat exchanger will preferably supply
enough energy to the oil to raise the raw oil temperature to approximately 45°C.

" The esterification sub—proécss will likely include an acid resin dosing
mechanism to dose the process fluid in the presence of an alcohol. Smtable process
equipment will be provided in the opt:onal esterification module the plant to facilitate
thas sub-process.

If the process fluid is to be subjected to the esterification sub-process, it
will typically undergo esterification after primary heating. A filter will usually be
used to filter the raw oil prior to heating in the preferred hot oil tank and a second -
filter afier heating in the hot oil tank.

The esterification sub process will normally involve reacting a mixture
of free fatty acids in the process fluid with alcohol via selective esterification by a
catalyst that selectively esterifies the desired free fatty acid(s). A preferred catalyst for
this purpose is Amberlyst BD-20 by Rohm and Haas.

A flow reactor 30 or a portion of a flow reactor located in a column
may be used in a preferred embodiment with a separation tank associated therewith in
which water is separated from the esterification reaction mixture. Preferably, the
reactor 30 is configured as a co-current flow reactor, i.c., the fatty acid and alcohol
pass through the reactor in ‘the same direction. An alcohol pump 31 can be provided
for dosing the alcohol into the reactor 30.
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Typically, the product stream from the reactor is sent to a
transesterification process, where it is contacted with a transesterification catalyst and
an alcohol, preferably after separating as much of the water as possible. A tank is
typically provided for separation of the water. An evaporator may also be provided to
recover unused alcohol. ¢

’!‘ypically, the esterification reaction is carried out in a flow reactor 30,
and preferably the contact time is at least 30 minutes, alternatively at least 45 minutes.
Preferably, the contact time is no more than 6 hours, altematively no more than 4

. hours, alternatively no more than 2 hours.

The residence time in the esterification system typically will be
dependent upon required production output and will typically be determined
according to the maximum production output. It may also be dependent upon the
particular raw oil feedstock. '

Preferably the catalyst is a gel-type acidic ion exchange resin having
0.25 wt % to 2.75 wt % crosslinker, and having sulfonic acid functionality. The
reaction mixture is preferably in contact with the catalyst in a continuous réactorina
temperature range from 40°C. to 120°C., for at least 15 minutes, ’

The alcohol used will prcferabl}' be methanol or ethanol or another
alcohol could be used in the esterification sub process. :

The esterification sub process equipment may be provided in the plant of the
present invention but the process may not be included in the process, dependent upon
the feedstock uscd and in particular, the acid number of the raw oil feedstock.
Alternatively and more preferred, the esterification sub-process will be provided as as
separate but attachable module for integration into the plant of the present invention if
required.

If the esterification subprocess equipment is present in the plant, a bypass may
be provided once the heating of the raw oil has been achieved. The bypass will

typically connect more or less directly to the trans-esterification sub process.

Typically however the esterification sub process may be used, at least to some extent,
for most types of raw oil feedstock.

In use, there will be a number of operational procedures that an
operator will follow in order to start, run and shut down the plant of the preferred
embodiment. It is convenient to discuss each of these procedures in order of
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occurrence.
Pre Start Check
Normally, the first step in the start procedure is to ensure that the
emergency stop activation buttons are reset. Further, the fuel level to operate the

power generation means in order to run the process equipment should also be checked
prior to start. The hydraulic oil level is also on the restart checklist. If the plant is

‘being started from cold, the oil line may only be visible when the hydraulic oil has

been heated to a suitable level. If still not visible when the hydraulic oil is warm, then
additional hydraulic oil will be required. It is also recommended that the operator
check the levels and connections of process chemicals that are used in the
transesterification and/or esterification reactions and any other process chemicals that
may be required. N

Finally, a check of all of the connections and the conduits between the .
various components of the plant should be undertaken in order to ensure that they are
unobstructed and that there are no leaks in any of the conduits and that all of the
valves and connectors are in the correct position to allow flow as required.
All of the drain valves should be checked to ensure that they are
closed. ‘

Next, the fuel filter is typically primed and the lift pump to provide the
fuel to be engine is also normally primed. The electrical connectors are then tumed to
the start position.
Operation Procedure

Once the electrical connectors are tumed to the start position, the
engine governor switch is placed in the idle position. The ignition for the engine is
typically a key cylinder similar to a vehicle ignition with an electric start. Once the
key has been tumed on the engine has started, the engine should be allowed to idle for
approximately 5 minutes after which time the engine governor switch can be moved
to the run positiqn. Once the engine is running, the raw oil pump is typically activated
and once the raw oil is above the heater level, the heating process is typically started.
Once the level gauge in the hot oil tank is full, the raw oil pump can be turned off.

" The heating process for heating the oil should heat the oil to

approximately 108°C. The heating process may require one or more periods of
heating as the heating process is typically timed. A display, typically light will signal
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when the required tcmpctamre in the oil has been reached. The heating process also
has a Iugh level cut-off switch which deactivates the heaters when the oil temperature
rcaches the preferred 108°C.

The mixer is then typically activated followed shortly thereafter by
activation of the chemical pump switches and then the hot oil pump which provide the
required chemicals and hot raw oil to the mixer. Once the hot oil level begins to drop
as indicated on a display, the raw oil pump is typically turned back on and left on
while the plant is operating. : '

Once the chemical pumps are active, the flow through the chemical
pumps should be monitored to ensure that the flow rate is correct. After a period of
operation, the settling tank will fill and once a required level Is reached, typically
approximately 100 millimetres from the top of the settling tank, the biodiesel pump
can be activated. '

Biodiesel will then begin to flow from the settling tank and into the
preferred filtration stages. Normally, the filters will require venting in order to remove
air which may have accumulated in the filters and in order to prevent backflow. Bleed
valves are typically provided at an upper portion of the filter vessels and the bleed
valves normally opened until biodiesel begins to flow out the bleed valve and then
they are closed. This will normally take place in one or more filters successively in
order.

The filtered biodiesel will then flow from the final, washing filter for
use. The finished biodiesel may be collected in an IBC or used for directly without
storage. T
Shutdown Procedure :

" in order to shut down the plant, the raw oil pump is typically turned off
ﬁrst The hot oil pump is typically of an deactivated followed by the chemical pumps.
The mixer motor is then deactivated followed by closing off of the hot oil valve, Once
these steps have been performed, the engine can be deactivated, normally by moving
the governor switch to idle and then off and the electrical isolation switch can be
turned off.

Emergency Stop Procedure

According to the emergency stop procedure, at least one cutout switch -

will be provided which, when activated, will normally shut down the entire plant. This
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typically occurs by disconnecting the electrical power. At this stage, the reason for the
emergency stop procedure is typically identified and corrected if required before
attempting restart.

In order to restart the plant, the emergency stop switches will need to
be reset. Normally, the pre-start checklist will then be followed which resets all of the
process and power gcr'\eration equipment to the required start position.

There is also a maintenance procedure that should be followed with the
plant of the preferred embodiment. The number of the features of the plant of the
preferred embodiment will require some maintenance. Typically, regular cleaning and
draining of the settling tank will be required as will cleaning of the filters. In

_particular, the final biodiesek polishing filter should be cleaned or at least checked on

a daily basis. \
' The engine fuel filter should also be checked regularly, typically on a

daily basis as will any filter that is provided from the chemical store.

The other filters can be checked on a weekly basis and cn'ginc oil filter
is typically checked every 1000 hours. The pressure gauges in flow meters in relation
to the raw oil and hot oil in particular should be checked on a daily basis to ensure
proper positioning. .

In the present specification and claims (if any), the word "comprising”
and its derivatives including "comprises” and "comprise” include each of the stated
integers but does not exclude the inclusion of one or more further integers.

Refcrencc'lhroughout this specification to “one embodiment™ or “an
embodiment™ means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at Jeast one embodiment of the present
invention. Thus, the appearance of the phrases “in onc embodiment™ or “in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more combinations.
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Clalms
1L A biodiese! manufacturing or processing plant for processing on continuous basis
a process fluid from a raw oil feedstock, the plant including

(a) a housing containing a power generation means,

(b) an inlet for raw oi! from an oi! bearing crop,

(c) a raw oi! heating vessel,

d) an esterification subprocess including a reactor in which the prt;ccs_s

fluid is reacted with alcohol via selective esterification by a catalyst * °

(¢) a trans-esterification subprocess including an alkeli dosing mechanism
to dose the process fluid in the presence of an alcohol, a powered sheer mixer
to mix the alkali, aleohol and process fluid, and a heated cauldron for primary
separation of glycerol from the process fluid, '

6)) a flash evaporation separator for separation of excess alcohol from the
process fluid through a differential pressure vaporisation process, and

(g) one or more finishing processes. '

2. A biodiese! manufacturing or processing plant for processing on continuous basis
a process fluid from a raw oil feedstock, the plant including

- (a) a housing containing a power generation means,

) an jnlet for raw o0il from an oil bearing crop,

(c) araw oil heating vessel,

(d) an esterification and trans-csterification process including a reactor in
which the process fluid is reacted with alcohol via selective esterification by a
catalyst

(c) a powered sheer mixer to mix the alkali, aleoho! and process fluid, and
a heated raw oil tank . _

(H a combined reactor and primary separation/settling tank for the.
removal of glycerol from the process fluid,

() a pre-heater and vacuum tank for separation of excess alcoho! from the
process fluid through drawing of a vacuum over the hot fluid and vaporisation
process, and

(h) one or more finishing processes.

3. A biodiesel mamfacturing or processing plant for processing on continuous basis

a process fluid from a raw oil feedstock, the plant including

!
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(a) a housing containing 8 power generation means,

(b) an inlet for raw oil from an oil bearing plant crop or waste plant based oil

(c) a raw oil heating vessel,

(d)'a powered sheer mixer to mix triglycerides from the raw oil, and at least one
reactant alcoho] according to a tranesterification ;;mcess,

(e) a combined reactor and primary separation/settling tank for the reaction of the
triglycerides and at least one alcohol to produce at least one fatty acid ester
and at Jeast one alcohol;

(f) a heater and vacuum separator for separation of the at least one alcohol from
the at least one fatty acid ester through drawing of a vacuum over the hot fluid
and vaporisation process, and

(®) one or more finishing processes.

A biodiesel manufacturing or processing plant as claimed in any one of claims |
to 3 wherein the transesterification reaction uses raw oil and a supercritical
alcohol, at a high temperature and pressure in a continuous process.

A biodiesel manufacturing or processing plant as claimed in any one of the
previous claims wherein the plant includes a frame assembly to which process
equipment for the biodiesel manufacturing is mounted and an external housing
mounted relative to the frame to house the plant.

A biodiesel manufacturing or processing plant as claimed in claim $§ wherein the
housing is divided into two compartments namely a first compartment containing
power generation equipment to provide power and a second compartment
housing process equipment with the power generation equipment providing
power to operate the process equipment. '

. A biodiesel manufacturing or processing plant as claimed in any one of the

previous claims wherein a combined reactor and primary separation tank is
provided with a residence time optimised to allow at least a transe;tcriﬁcation
reaction to occur and at least partial separation of products formed in the
transesterification reaction.

. A biodiese! manufacturing or processing plant as claimed in claim 7 wherein at

least one product formed in the transesterification reaction is drawn off in order .
to drive equilibrium of the transesterification reaction toward the products.
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9. A bio;!icscl manufacturing or processing plant as claimed in any one of the
previous claims wherein a vacuum evaporation separation process step is
provided in which a vessel has a vacuum applied thereto at an elevated
temperature in order to separate more volatile components.

10. A biodiesel manufacturing or processing plant as claitﬁcd in any one of the
previous claims wherein the plant includes process equipment to accomplish a
transesterification reaction and a separate module is provided in association with
the plant in order to submit raw oil 10 an esterification reaction before the
transesterification reaction,

11. A mixer including an outer housing having a central longitudinal axis, at least
two interengaging, counter-rotating toothed mixing bodies, the toothed mixing
bodies each rotating about a central axis, the respective axes offset radially and
spaced along the central jongitudinal axis of the outer housing.

12. A mixer including an outer housing having a central longitudinal axis, and at least
a pair of end portions, each end portion having at least one toothed mixing body,
the toothed mixing bodies of the respective end portions interengaging and
counter-rotating about a central axis, the respective axes offset radially and
spaced along the central longitudinal axis of the outer housing.

13. A mixer including an outer housing having a central longitudinal axis, at least a
pair of end portions and at Jeast one intermediate portion, each poriion having at
least one toothed mixing body, the toothed mixing bodies of the respective
portions interengaging and counter-rotating about a central axis, the respective
axes offset radially and SM along the central longitudinal axis of the outer
housing. o )

14. A mixer as claimed in any one of claims 11 to 13 wherein the mixer is a high-
shear mixer with one or more high-energetic shear zone to allow a reaction to
begin to take place in the mixer by reducing the droplet size of immiscible
liquids. '

15. A separator including a substantially bell-shaped inner module having a crown,
waist, & separating surface and lip with a mixture inlet cx.tcnding upwardly
through the crown and an outer hood containing the inner module and }xaving at
least one vapour outlet opening therein, the inner module mounted for rotation
within the hood.
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Figure 1
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Figure 3D
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