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DESCRIPTION

Field of the Invention

[0001] This invention relates to a process for producing biodiesel and related products. The
invention also relates to a process for producing precursors and/or feedstock materials for
producing biodiesel and related products.

Background of the Invention

[0002] The term "biodiesel" is used to refer to vegetable or animal fat, oil or grease derived
diesel, consisting of long-chain alkyl methyl (ethyl or propyl) esters. Biodiesel is distinct from
petroleum diesel (also known as petrodiesel or petroleum derived diesel), which is a specific
fractional distillate of petroleum fuel oil.

[0003] Biodiesel is typically produced from a variety of feedstocks, including edible and non-
edible fats and oils. Fats are triglycerides (triesters of glycerol and any of several fatty acids),
and may be either solid or liquid at room temperature. Oils are neutral, non-polar molecules
with a high hydrocarbon content. Greases are semisolid lubricants which generally consist of a
soap emulsified with mineral or vegetable oil. Greases can be of natural origin, and can be
either vegetable or animal derived.

[0004] Many of these feedstock fats and oils have high purity, and therefore can be easily
converted to biodiesel in a predictable way using known processes and known reaction
conditions. However, in general pure feedstocks are more costly, the feedstocks having other
potential uses.

[0005] There is also available a variety of poor quality and less pure sources of fats and oils
(and greases), which can potentially be used to produce biodiesel. However, impure
feedstocks are generally more problematic, leading to unpredictable reaction conditions and a
less pure, less predictable biodiesel product.

[0006] Fuels are required to have a certain degree of purity in order to be usable. For
example, biodiesel needs to have a certain purity or FAME (fatty acid methyl ester) value in
order to be usable in engines or the like. Current legislation (EN 14214) states that in order to
be suitable for use in engines, biodiesel must have a minimum ester content of 96.5 %. In
general, the starting material used has a large impact on the quality of the biodiesel obtained.

[0007] Therefore, due to the impure and unpredictable nature of poor quality feedstocks, it has
not been practicable to use such feedstocks as a source of fats and oils (and greases) for
producing fuels such as biodiesel.
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[0008] In addition, existing processes for producing biodiesel are lengthy, and it would be
impracticable to increase the throughput time for the production of biodiesel from a feedstock.
Furthermore, it would be beneficial to reduce the time taken for the existing biodiesel
production process.

[0009] US2011/166378 describes a method and apparatus for refining biodiesel. There is
described a pre-esterification of FFAs using a sulphuric acid catalyst, and recirculation of the
mixture in and out of the vessel.

[0010] US 2010/202933 describes systems and methods for esterification and
transesterification of fats and oils. There is described esterification at a temperature of 40 °C to
65 °C.

[0011] US 7622600 describes a system and method for the continuous production of biodiesel.
Pre-esterification is mentioned.

[0012] It is an object of the present invention to overcome or mitigate at least some of the
problems of the prior art.

Summary of the Invention

[0013] According to a first aspect of the invention there is provided a process for esterifying a
mixture comprising between 10% and 20% by weight free fatty acids (FFAs), said process
comprising the steps of:

1. (i) providing at least a first portion of the mixture to at least a first reaction vessel;

2. (ii) heating the first portion of the mixture to a reaction temperature for esterification, the
reaction temperature being between 71 °C and 76 °C;

3. (iii) introducing esterification conditions to the first reaction vessel, comprising adding an
esterification catalyst and an alcohol to the reaction vessel, the esterification catalyst
being sulphuric acid;

4. (iv) stopping the heating of the first portion of the mixture;

5. (v) recirculating the first portion of the mixture by removing it from the first reaction
vessel and returning it to the first reaction vessel; and

6. (vi) esterifying the FFAs in the first portion of the mixture;

wherein the recirculation of the first portion of the mixture is configured to maintain a reaction
temperature suitable for esterification of the FFAs in the first portion of the mixture, the
reaction temperature being between 71 °C and 76 °C;

and wherein the mass of esterification catalyst used relative to the % by weight FFAs in the
mixture before esterification is from 26 kg catalyst per % by weight FFAs to 32 kg catalyst per
% by weight FFAs, such that the amount of FFAs in the mixture is reduced to 3% by weight or
less.
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[0014] Optionally there is provided two or more reaction vessels, said process comprising the
further steps of:

1. (i) providing at least a second portion of the mixture to at least a second reaction vessel;

2. (ii) heating the second portion of the mixture to a reaction temperature for esterification,
the reaction temperature being between 71 °C and 76 °C;

3. (iii) introducing esterification conditions to the second vessel, comprising adding an
esterification catalyst and an alcohol to the reaction vessel, the esterification catalyst
being sulphuric acid;

4. (iv) stopping the heating of the second portion of the mixture;

5. (v) recirculating the second portion of the mixture by removing it from the second
reaction vessel and returning it to the second reaction vessel; and

6. (vi) esterifying the FFAs in the second portion of the mixture;

wherein the recirculation of the second portion of the mixture is configured to maintain a
reaction temperature suitable for esterification of the FFAs in the second portion of the mixture,
the reaction temperature being between 71 °C and 76 °C.

[0015] The esterification of the first portion of the mixture and the esterification of the second
portion of the mixture may be at least partly concurrent.

[0016] The reaction temperature may be between 72 °C and75 °C.
[0017] The mixture may comprise between 10% and 15% by weight FFAs.

[0018] Introducing esterification conditions may comprise adding methanol to the reaction
vessel.

[0019] The esterification catalyst may be 96% sulphuric acid.

Brief Description of the Drawings

[0020] Embodiments of the invention will now be described, by way of example only, with
reference to the drawings, in which:

Figure 1 is schematic diagram of a process in accordance with one embodiment of the
invention; and

Figure 2 is a flow diagram which illustrates a process in accordance with one embodiment of
the invention.

Detailed Description
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[0021] The biodiesel production process is broken down into two areas, namely esterification
(referred to as pre-esterification) and trans-esterification. The processes as further described
below are summarised in the flow diagram of Figure 2.

[0022] The processes described are based on approximately 38 tonnes of feedstock (including
recovered FFAs) being used.

Pre-esterification

[0023] Pre-esterification is a preconditioning step that produces useable oil for the trans-
esterification process. It involves the catalysed esterification of free fatty acids (FFAs) with an
alcohol to provide a fatty acid ester.

[0024] Referring to Figure 1, there is shown at 100 an apparatus for producing biodiesel. The
apparatus comprises a feedstock tank 10 from which tallow (animal fat), which comprises
FFAs, and recovered FFAs from the byproduct stream of an earlier biodiesel production
process, are pumped via pump 20 into a first pre-esterification reactor 30. The total amount of
FFAs in the feedstock is typically between 10 % by weight and 20 % by weight. Under normal
operation conditions, the combined amount of FFAs (i.e., when tallow and recovered FFAs are
combined) is 10 % by weight to 15 % by weight, but may also be 13% by weight to 15% by
weight. In one embodiment, the total amount of FFAs in the feedstock is 14% by weight.

[0025] 100 kg of methanol (an alcohol) per tonne of feedstock is then added to the feedstock
in the first pre-esterification reactor 30, followed by the addition of 96% by weight sulphuric acid
(an esterification catalyst). A range of methanol can be used, varying between 80 kg and 120
kg per tonne of feedstock, and usually between 90 kg and 110 kg per tonne of feedstock. The
so-formed mixture is then heated for at least 90 minutes with agitation to a reaction
temperature of approximately 73.5 °C. The temperature can be between approximately 71 °C
and 76 °C, and is typically is from between 72 °C and 75 °C.

[0026] Once the reaction temperature has been reached in the first pre-esterification reactor
30, the mixture is removed from and then returned to the first pre-esterification reactor 30 by
recirculation of the mixture such that the reaction temperature is maintained. The recirculation
and reaction continues with agitation for approximately 150 minutes, which ensures that the
reaction is complete. This so-formed mixture is then allowed to settle for 90 minutes before the
water phase is removed.

[0027] Once the reaction temperature is reached in the first pre-esterification reactor 30, the
feedstock is diverted to a second pre-esterification reactor 40.
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[0028] 100 kg of methanol (an alcohol) per tonne of feedstock is then added to the feedstock
in the second pre-esterification reactor 40, followed by the addition of 96% by weight sulphuric
acid (an esterification catalyst). A range of methanol can be used, varying between 80 kg and
120 kg per tonne of feedstock, and usually between 90 kg and 110 kg per tonne of feedstock.
The so-formed mixture is then heated for at least 90 minutes with agitation to a reaction
temperature of approximately 73.5 °C. The temperature can be between approximately 71 °C
and 76 °C, and is typically is from between 72 °C and 75 °C.

[0029] Once the reaction temperature has been reached in the second pre-esterification
reactor 40, the mixture is removed from and then returned to the second pre-esterification
reactor 40 by recirculation of the mixture such that the reaction temperature is maintained. The
recirculation and reaction continues with agitation for approximately 150 minutes, which
ensures that the reaction is complete. This so-formed mixture is then allowed to settle for 90
minutes before the water phase is removed.

[0030] The amount of pre-esterification catalyst used is from approximately 26 kg catalyst per
% by weight FFAs to approximately 32 kg catalyst per % by weight FFAs.

[0031] The quality of the feedstock may deviate on a day to day basis, which can have a
significant impact on the following steps of the biodiesel production process to the extent that in
known prior art processes such steps may not be viable. For example, if too many impurities
are present this can prevent different phases from being separated and/or this can lead to a
very poor quality end product.

[0032] Thus, fluctuations in FFA content must be taken into account to establish the amount of
catalyst that is required to achieve a feedstock suitable for further processing (i.e., suitable for
trans-esterification). A suitable endpoint may be when the total amount of FFAs in the mixture
is reduced to 3 % by weight or less. The inventors have found that a range of pre-esterification
catalyst of from approximately 26 kg catalyst per % by weight FFAs to approximately 32 kg
catalyst per % by weight FFAs enables a successful pre-esterification to take place.

[0033] The pre-esterification process outlined above enables two pre-esterification reactions to
take place at least partly concurrently. In particular, once the contents of a pre-esterification
reactor reach the reaction temperature, the heat input is removed. The contents of the pre-
esterification reactor are then recirculated, the residual heat generated by the reaction
enabling the reaction to continue to completion without further external heat being applied.
Removing the heat input from one pre-esterification reactor enables a further reaction in
another separate pre-esterification reactor to be initiated almost immediately. These
improvements reduce the time taken for the pre-esterification process by at least 120 minutes,
as compared with using only one pre-esterification reactor of equivalent size. Thus, the
process outlined provides a significant improvement in the speed of throughput. Furthermore,
the process outlined uses less energy than known pre-esterification processes, due to the use
of residual heat of reaction and recirculation of the reaction mixture to maintain the reaction
temperature.
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Trans-esterification

[0034] The trans-esterification process exchanges the R group on an ester for the R group
from an alcohol. In the biodiesel production process it is used to convert triglycerides to fatty
acid methyl esters.

[0035] Referring once more to Figure 1, the mixture from the pre-esterification reactors 30, 40
is transferred to a trans-esterification reactor (reaction vessel) 50. The mixture in the trans-
esterification reactor 50 is agitated, and recovered methyl ester is added. The recovered
methyl ester is obtained later in the process from the separation and purification of the
byproducts.

[0036] 2,900 kg of potassium methoxide and 2,500 kg of methanol are added to the mixture in
the trans-esterification reactor 50, and the reaction temperature is adjusted to approximately
55 °C. The amount of methanol may vary between approximately 2,000 kg and 3,000 kg. The
amount of potassium methoxide used above is based on 2 % by weight of FFAs in the mixture.
However the amount used can be between 1,100 kg per % by weight of FFA and 1,500 kg per
% by weight of FFA, typically 1,150 kg per % by weight of FFA and 1,450 kg per % by weight of
FFA. Also, the reaction temperature is a reaction temperature for trans-esterification and can
be between approximately 48 °C and approximately 62 °C, and is typically between
approximately 52 °C and approximately 58 °C.

[0037] Where the catalyst is methoxide in methanol, the amount of methoxide is 12 % to 14 %
by weight methoxide, typically 12.5 % by weight to 13 % by weight methoxide. The conditions
described above are trans-esterification conditions and, specifically, are used to trans-esterify
triglycerides in the mixture.

[0038] Using the amounts of potassium methoxide noted ensures that the reaction mechanism
is driven to completion i.e., methyl ester is formed and glycerol is removed. Whilst in this
example potassium methoxide catalyst and methanol in excess is used, other suitable
methoxides can be used such as, for example, sodium methoxide.

[0039] A second trans-esterification is then carried out in the trans-esterification reactor 50
using a smaller quantity of potassium methoxide catalyst (approximately 600 kg) and methanol
(approximately 1,000 kg). The amount of potassium methoxide catalyst may be between
approximately 550 kg to approximately 650 kg. The amount of methanol may be between
approximately 900 kg to approximately 1,100 kg. The second trans-esterification reaction
ensures that substantially all of the triglycerides in the mixture are converted to esters, and that
substantially all of the glycerol is removed.

[0040] The reaction temperature is adjusted to approximately 55 °C, and the reaction is run for
around 300 minutes. The reaction temperature is a reaction temperature for trans-
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esterification and can be between approximately 48 °C and approximately 62 °C, and is
typically between approximately 52 °C and approximately 58 °C.

[0041] An optional separation step can be used to aid settling, particularly if the aqueous and
non-aqueous phases of the mixture prove difficult or very time-consuming to separate. The
separation step involves spraying an aqueous solution comprising 1,000 kg of recycled water
and 10 kg to 18 kg of 75 % by weight phosphoric acid onto the surface of the mixture in the
trans-esterification reactor 50 at a temperature of approximately 70 °C. The temperature may
be between approximately 60 °C and approximately 80 °C. The acid solution percolates
through the mixture and the contents of the trans-esterification reactor 50 are allowed to settle
for 60 minutes before the so-formed aqueous phase is discharged into a glycerine (aqueous)
phase collection tank 90. This process removes impurities and better enables separation of
soaps.

[0042] Based on the amounts stated above, the acid solution used in the separation step is
1.0% by weight acid to 1.8% by weight acid, but can be from 1.2% by weight acid to 1.6% by
weight acid, typically 1.4% by weight acid.

[0043] The mixture, still in the trans-esterification tank 50, is then subjected to a first
purification (washing) step. The first purification step involves adding approximately 500 kg of
water to the mixture, and mechanically agitating the mixture combined with the water, before
allowing to settle for approximately 100 minutes. The amount of water used may vary between
400 kg and 600 kg. An aqueous solution comprising 250 kg (150 kg to 350 kg can be used) of
recycled water at a temperature of 70 °C (a temperature of 60 °C to 80 °C can be used) is
then sprayed onto the surface of the mixture in the trans-esterification reactor 50 before
allowing to settle for approximately 140 minutes. The water percolates through the mixture and
the contents of the trans-esterification reactor 50 are allowed to settle for 60 minutes before
the so-formed aqueous phase is discharged into a glycerine (aqueous) phase collection tank
90.

[0044] The mixture, still in the trans-esterification tank 50, is then subjected to a second
purification (washing) step. The second purification involves spraying an aqueous solution
comprising 1,000 kg of heated (recycled) water and 14 kg of 75 % by weight phosphoric acid
onto the surface of the mixture in the trans-esterification reactor 50. The temperature of the
solution is 70 °C (a temperature of 60 °C to 80 °C can be used). The acid solution percolates
through the mixture and the contents of the trans-esterification reactor 50 are allowed to settle
for 60 minutes before the so-formed aqueous phase is discharged into a glycerine (aqueous)
phase collection tank 90. This process removes impurities and neutralises residual potassium
soaps.

[0045] Based on the amounts stated above, the acid solution used in the second purification
(washing) step is 0.8% by weight acid to 1.6% by weight acid, but can be from 1.0% by weight
acid to 1.4% by weight acid, typically 1.2% by weight acid.
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[0046] A further (third) purification (washing) step is applied to the mixture in the trans-
esterification reactor 50. The third purification step involves spraying an aqueous solution
comprising 500 to 1,000 kg of recycled water at a temperature of 70 °C (a temperature of 60
°C to 80 °C can be used) onto the surface of the mixture in the trans-esterification reactor 50.
The water percolates through the mixture and the contents of the trans-esterification reactor
50 are allowed to settle for 60 minutes before the so-formed aqueous phase is discharged into
a glycerine (aqueous) phase collection tank 90. This third purification process ensures that the
vast majority of impurities, free glycerides and soaps are removed prior to the non-aqueous
phase of the mixture (which is now crude biodiesel) entering a flash vessel 60.

[0047] The percolation of the aqueous solutions through the mixture in the trans-esterification
reactor 50 facilitates the removal of impurities from the mixture. The impurities removed
include, for example, the following: glycerides, glycerol, methanol, water, salts, acids, bases,
condensed volatile compounds and soaps.

[0048] Depending on the feedstock material used, some or all of the separation/purification
steps described above are required. The separation/purification steps ensure that the process
is not unduly lengthy. For example, in known prior art processes settling problems may be
encountered, which can then lead to excessive waiting times for the separation of the aqueous
and non-aqueous phases. The separation step described above helps to overcome such
setting problems should they occur. Overall, the separation/purification (washing) steps
described can reduce by around 5 hours the time taken to obtain crude biodiesel from the
trans-esterification process.

[0049] The crude biodiesel mixture obtained from the separation/purification steps is provided
to the flash vessel 60, where the crude biodiesel (fatty acid methyl ester mixture) is steam
treated (steam injection) under vacuum to remove water, volatile compounds, and free
glycerides, all of which may impact on the final quality or the operation of the vacuum system in
the distillation step which follows.

[0050] From the flash vessel 60, the mixture is transferred to a distillation apparatus 70, where
remaining impurities (such as glycerides, water and sulphur or sulphur containing materials)
are removed under vacuum, the pressure being set to approximately 0.1 millibar (10 Pa) to
approximately 3 millibar (300 Pa).

[0051] The distillation takes place is two stages. The first stage has the following conditions.
Steam is injected at a pressure of from approximately 3.5 bar (350 kPa) to approximately 9 bar
(900 kPa).

[0052] The second stage has the following conditions. Steam is injected at a pressure of from
approximately 4.5 bar (450 kPa) to approximately 11 bar (1,100 kPa).

[0053] The product produced from the distillation apparatus is purified biodiesel, which is
transferred to biodiesel tank 80.
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[0054] The purified biodiesel may be used as a fuel, or may be blended with other products to
produce a fuel.

[0055] Impurities are periodically removed from the process. For example, the aqueous
(glycerine containing) phase from the trans-esterification is periodically separated into the
glycerine phase tank 90. This aqueous phase may contain glycerol, methanol, water, salts,
acids, bases, condensed volatile compounds and soaps, for example.

[0056] The aqueous phase is further transferred to an acidulation tank 110 to which acid water
waste is added. The aqueous phase is then separated into recovered FFAs (recovered FFA
tank 120), potassium sulphate (potassium sulphate tank 130) and glycerine/methanol
(glycerine/methanol tank 140). The glycerine methanol is further separated into purified
glycerine (purified glycerine tank 150) and recovered methanol (recovered methanol tank 160).
The materials isolated from the impurities can be reused in a subsequent process for
producing biodiesel.

[0057] The improved processes as described herein enable the use of impure and poor quality
feedstocks to produce high quality biodiesel. To date, it has been otherwise impracticable to
use such feedstocks as a source of fats and oils (and greases) for producing fuels such as
biodiesel.

[0058] In addition, the improved processes as described herein enable a reduction in the
throughput time for the production of biodiesel from a feedstock. This results in an increased
amount of biodiesel production, which is of benefit. For example, the present inventors have
found that their improved processes enable the production of biodiesel in approximately 7 to 8
hours less than the time taken using existing processes. For the present facility used by the
inventors, this represents an additional 38 tonnes of biodiesel produced in a 24 hour period.
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Patentkrav
1. Fremgangsmade til at esterificere en blanding omfattende mellem 10 og 20
vaegtprocent frie fedtsyrer (FFA’er), hvilken fremgangsmade omfatter trinnene:
(i) at tilvejebringe mindst en fgrste del af blandingen til mindst en fgrste
reaktionsbeholder;
(ii) at opvarme den farste del af blandingen til en reaktionstemperatur til
esterificering, idet reaktionstemperaturen er mellem 71 °C og 76 °C;
(iii) at etablere esterificeringsbetingelser for den fgrste reaktionsbeholder,
omfattende at tilsaette en esterificeringskatalysator og en alkohol til
reaktionsbeholderen, idet esterificeringskatalysatoren er svovlsyre;
(iv) at stoppe opvarmningen af den fgrste del af blandingen;
(v) at recirkulere den fgrste del af blandingen ved at fjerne den fra den
fgrste reaktionsbeholder og at sende den tilbage til den fgrste reaktions-
beholder; og
(vi) at esterificere FFA’erne i den fgrste del af blandingen;
hvor recirkuleringen af den fgrste del af blandingen er konfigureret til at
opretholde en reaktionstemperatur, som er egnet til esterificering af FFA’erne i
den fgrste del af blandingen, idet reaktionstemperaturen er mellem 71 °C og 76
oC:
og hvor veegten af esterificeringskatalysator anvendt i forhold til veegtprocenten af
FFA’er i blandingen forud for esterificering er fra 26 kg katalysator pr.
vaegtprocent FFA’er til 32 kg katalysator pr. vaegtprocent FFA’er, sdledes at
mangden af FFA’er i blandingen reduceres til 3 vaegtprocent eller mindre.

2. Fremgangsmade ifglge krav 1, hvor der er tilvejebragt to eller flere
reaktionsbeholdere, hvilken fremgangsmade omfatter de yderligere trin:
(i) at tilvejebringe mindst en anden del af blandingen til mindst en anden
reaktionsbeholder;
(ii) at opvarme den anden del af blandingen til en reaktionstemperatur til
esterificering, idet reaktionstemperaturen er mellem 71 °C og 76 °C;
(iii) at etablere esterificeringsbetingelser for den anden beholder,
omfattende et tilsaette en esterificeringskatalysator og en alkohol til
reaktionsbeholderen, idet esterificeringskatalysatoren er svovlsyre;
(iv) at stoppe opvarmningen af den anden del af blandingen;
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(v) at recirkulere den anden del af blandingen ved at fjerne den fra den
anden reaktionsbeholder og at sende den tilbage til den anden
reaktionsbeholder; og

(vi) at esterificere FFA’erne i den anden del af blandingen;

hvor recirkuleringen af den anden del af blandingen er konfigureret til at
opretholde en reaktionstemperatur, som er egnet til esterificering af
FFA’erne i den anden del af blandingen, idet reaktionstemperaturen er
mellem 71 °C og 76 °C.

3. Fremgangsmade ifalge krav 2, hvor esterificeringen af den fgrste del af
blandingen og esterificeringen af den anden del af blandingen er mindst delvist
samtidig.

4. Fremgangsmade ifglge et hvilket som helst foregdende krav, hvor
reaktionstemperaturen er mellem 72 °C og 75 °C.

5. Fremgangsmade ifglge et hvilket som helst foregdende krav, hvor blandingen
omfatter mellem 10 og 15 vaegtprocnet FFA’er forud for esterifiering.

6. Fremgangsmade ifglge et hvilket som helst foregaende krav, hvor alkoholen er

methanol.

7. Fremgangsmade ifglge et hvilket som helst foregdende krav, hvor
esterificeringskatalysatoren er 96% svovlsyre.
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