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Title: Cost effective deoxygenation process with gas recycle

The present invention relates to a method for deoxygenation of oxygenates, such as
renewable materials, by deoxygenation in a process employing a recycled gas stream

with little or no cleaning of the recycled gas stream.

Deoxygenation of oxygenates, of e.g. renewable origin, has been identified to be an ef-
ficient way to provide high quality transportation fuels. As the content of oxygen and
other heteroatoms is quite high, deoxygenation requires a large amount of hydrogen,
and therefore efficient use of the hydrogen is commercially important. A gas recycle

stream is therefore almost always used in such processes.

It is customary to purify the gas being recycled, as the concentration of CO, CO; and
H>O have been expected to reduce the conversion in the process, and possibly also
damage the material catalytically active in deoxygenation. The capital cost and the op-

erational cost of gas purification is significant.

Since the early 1990’s processes have been proposed for deoxygenation of oxygen-
ates, especially fatty acids and triglycerides, with the objective of obtaining quality
transportation fuels. Such processes are known to involve decarboxylation and decar-
bonylation side reactions producing carbon oxides, CO and CO,. Méki-Arvela et al in
Energy Fuels 2007;21(1):30—41 identify CO2 and CO as contributing to catalyst deacti-
vation and Donnis ef al in Top. Catal. (2009) 52:229-240 recommend an amine wash if
hydrogen gas is recycled, which will remove CO; and H.S. Although these findings
were related to specific catalysts they have resulted in a general implementation of pu-

rification of recycle gas.

WO02014077944A1 describes a process for hydrotreatment of pyrolysis oil with a recy-
cle gas at the level of block diagrams. The application does not disclose any details on
gas composition, including the presence or absence of hydrogen sulfide and carbon

oxides or on the separation and purification of the recycled gas.



10

15

20

25

Applications describing the process with a specific description of a recycle gas de-
scribes the gas loop as comprising a means of purification, such as an amine scrubber

for removal of hydrogen sulfide and carbon oxides.

It has now been identified that the negative impact of carbon oxides on the deoxygena-
tion process is less than expected, especially if using a catalyst not comprising cobalt,
and therefore the provision of a process in which CO and CO- are present during deox-
ygenation is related to a significant cost reduction both in terms of investment and in

terms of operation.

Summary

In one aspect of the present disclosure, there is provided a method for production of a
hydrocarbon mixture from a feedstock stream comprising oxygenates and a make-up
hydrogen gas stream, comprising the steps of directing a feed stream, comprising the
feedstock stream comprising oxygenates, the make-up hydrogen gas stream and a hy-
drogen rich gas stream, to contact a material catalytically active in deoxygenation un-
der active deoxygenation conditions and withdrawing a deoxygenated product stream,
characterized in the hydrogen rich gas stream comprising at least 70% hydrogen, at
least 0.1% carbon monoxide and at least 50 ppm H.S, and characterized in said mate-
rial catalytically active in deoxygenation comprising molybdenum and/or nickel, on a
support of refractory material and comprising less than 0.1 wt% cobalt, without requir-

ing a step of purifying said hydrogen rich gas stream by use of an amine wash.
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Description
In the following the term deoxygenation shall be used to signify removal of oxygen from

oxygenates by formation of water in the presence of hydrogen (also known as hydrode-
oxygenation), as well as removal of oxygen from oxygenates by formation of carbon

oxides in the presence of hydrogen (also known as decarboxylation).

In the following the term active deoxygenation conditions shall be used to signify condi-

tions under which at least 10% conversion by deoxygenation shall take place.

In the following where concentrations (typically in liquid or solid phase) are stated in

wt% this shall be understood as weight/weight %.

In the following where concentrations in the gas phase are stated, they are, unless oth-

erwise specified given as molar (volumetric) concentration, e.g. vol% or ppmyol.

A broad aspect of the present disclosure relate to a method for production of a hydro-
carbon mixture from a feedstock stream comprising oxygenates and a make-up hydro-
gen gas stream, comprising the steps of directing a feed stream, comprising the feed-
stock stream comprising oxygenates, the make-up hydrogen gas stream and a hydro-
gen rich gas stream, to contact a material catalytically active in deoxygenation under
active deoxygenation conditions and withdrawing a deoxygenated product stream,
characterized in the hydrogen rich gas stream comprising at least 70 vol% hydrogen, at
least 0.1 vol% carbon oxides and at least 50 ppmyo H2S, with the associated benefit
that such a method, where carbon oxides are allowed to be present may be realized
without requiring a step of purifying said recycled hydrogen rich gas stream, e.g. by use

of an amine wash.
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In a further embodiment, the hydrogen rich gas stream comprises at least 0.1% carbon
dioxide with the associated benefit that such a method, where carbon oxides are pre-
sent may be realized without requiring a step of purifying said recycled hydrogen rich

gas stream, e.g. by use of an amine wash.

In a further embodiment, the hydrogen rich gas stream comprises at least 0.1% carbon
monoxide, with the associated benefit that such a method, where carbon oxides are
present may be realized without requiring a step of purifying said recycled hydrogen

rich gas stream, e.g. by use of an amine wash.

In a further embodiment, said feedstock stream comprising oxygenates, comprises a
fresh feedstock rich in oxygenates and a liquid diluent, said liquid diluent being a fur-
ther feedstock or a recycled liquid stream, with the associated benefit of providing an
amount of diluent, which may collect the released energy of reaction, and which option-
ally may be a fossil feed which may be obtained at lower cost than the fresh feedstock

rich in oxygenates.

In a further embodiment, said liquid diluent comprises less than 0.1 wt% atomic oxy-
gen, with the associated benefit of such a diluent being a heat sink, collecting the heat

of reaction from deoxygenation, without contributing with heat of reaction.

In a further embodiment, said liquid diluent comprises an amount of said deoxygenated
product stream or said liquid diluent comprises an amount of a product from a process
step receiving an amount of said deoxygenated product stream, with the associated
benefit of such a diluent being a heat sink of same origin as the feedstock stream com-

prising oxygenates.

In a further embodiment, said liquid diluent is a stream comprising fossil feedstock, with
the associated benefit of such a diluent being available at lower cost than especially dil-

uents originating from oxygenates of biological origin.

In a further embodiment, the amount of sulfur contained in said hydrogen rich gas

stream relative to the amount of sulfur in the gas phase of the combined feed stream is
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at least 40%, 60% or 80%, with the associated benefit of minimizing the requirement of

providing an amount of added sulfur to the process.

In a further embodiment, said material catalytically active in deoxygenation comprises
molybdenum and/or nickel, on a support of refractory material and comprising less than
0.1 wt% cobalt, with the associated benefit of such a catalytically active material having

robust performance in the presence of carbon oxides.

In a further embodiment, at least an amount of said deoxygenated product stream is di-
rected to contact a material catalytically active in hydrocracking and/or hydroisomeriza-
tion under active hydrocracking and/or hydroisomerization conditions and withdrawing
a further treated product stream, with the associated benefit of carrying out such hy-
drocracking and/or hydroisomerization prior to the separation step being beneficial if
the material catalytically active in hydrocracking and/or hydroisomerization comprises
sulfided base metals. Further embodiments with such hydrocracking and/or hydroisom-
erization processes, or other processes, after the separation method are of course also

possible.

In a further embodiment, said deoxygenated product stream or said further treated
product stream is separated in a gas stream and a liquid stream, and said hydrogen
rich gas stream comprises a recycled amount of said gas stream, with the associated
benefit that a hydrogen rich gas stream originating from this gas stream reduces the re-

quirement for addition of make-up hydrogen to the process.

In a further embodiment, less than 50 vol%, such as less than 10 vol%, less than 1
vol% or 0 vol%, of the carbon oxides in the recycled amount of said gas stream are re-
moved prior to the recycled amount of said gas stream is directed to contact said mate-
rial catalytically active in deoxygenation, with the associated benefit of such limited re-
moval of carbon oxides being a reduced cost of operation as well as a reduced size of

equipment, and/or the possibility to choose purification methods having a low cost.

In a further embodiment, said carbon oxides are removed from the gas stream by a

process involving membrane separation or by withdrawal of a purge stream, with the
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associated benefit of membrane separation being simpler and cheaper than e.g. amine

wash.

In a further embodiment said removal of carbon oxides does not involve scrubbing of
the gas stream. This has the associated benefit of avoiding the cost and complications

of a scrubbing process, such as an amine wash.

A further aspect of the disclosure relates to a process plant section for conversion of a
feedstock stream comprising oxygenates to a hydrocarbon mixture, comprising a deox-
ygenation reactor having an inlet and an outlet, a separation section having an inlet
and a gas outlet, an aqueous phase outlet and a hydrocarbon phase outlet, wherein
said deoxygenation reactor inlet is configured for receiving said feedstock and a recy-
cled hydrogen rich gas stream, said separator is configured for receiving a deoxygen-
ated product stream from said deoxygenation reactor outlet, and the separation section
gas outlet is configured for providing said recycled hydrogen rich gas stream, charac-
terized in said process plant section not comprising an amine scrubber configured for
treating the stream of the separation section gas outlet, with the associated benefit of
such a process plant section having a lower cost both in terms of investment and in

terms of operation.

The conversion of oxygenates to paraffins is a common process for production of re-
newable transportation fuel. The feedstock typically comprises one or more oxygenates
taken from the group consisting of triglycerides, fatty acids, resin acids, ketones, alde-
hydes or alcohols where said oxygenates originate from one or more of a biological
source, a gasification process, a pyrolysis process, Fischer-Tropsch synthesis, metha-
nol based synthesis or a further synthesis process, with the associated benefit of such
a process being a process viable for receiving a wide range of feedstocks, especially of
renewable origin, such as originating from plants, algae, animals, fish, vegetable oil re-
fining, other biological sources, domestic waste, industrial organic waste like tall oil or

black liquor.

During hydroprocessing, oxygenates are combined with an excess of hydrogen and re-
act in hydrodeoxygenation processes as well as decarboxylation and decarbonylation

processes, where water, carbon dioxide and carbon monoxide are released from the
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oxygenates, and an amount of carbon dioxide is converted to carbon monoxide by the
water/gas shift process. Typically, around 10 wt% of the oxygenate feedstock is oxy-
gen, and thus a significant amount of the product stream will be water, carbon dioxide
and carbon monoxide. In addition, an amount of light hydrocarbons (especially me-
thane and propane) may also be present in the product stream, depending on the side

reactions and the nature of the feedstock.

Since hydrogen is present in excess, it is desirable to recycle the gas, to ensure effi-
cient use of expensive hydrogen. The recycle of hydrogen gas involves separating the
gases from the liquid product in a separation section. This is often done in a three
phase separator, where gas, polar (aqueous) product and non-polar (hydrocarbon)

product phases may be withdrawn separately.

The gas phase may, in addition to hydrogen, comprise carbon dioxide, carbon monox-
ide, light hydrocarbons and hydrogen sulfide, as well as other constituents. To mini-
mize the risk of catalyst deactivation, the recycle gas is purified typically by amine
wash, where carbon dioxide and hydrogen sulfide are collected by absorption in a solu-
tion of amines. Such an amine wash process is typically configured for removing more
than 90% of carbon dioxide, such that the concentration of carbon dioxide in gas phase
of the combined feed stream directed to contact the material catalytically active in de-

oxygenation is less than 0.05 vol%.

The deoxygenation process, provides a product rich in linear alkanes, having poor cold
flow properties, and therefore the deoxygenation process may be combined with a hy-
droisomerization process, with the aim of improving the cold flow properties, and/or a

hydrocracking process.

Typically deoxygenation involves directing the feedstock stream comprising oxygen-
ates to contact a catalytically active material comprising sulfided molybdenum, or pos-
sibly tungsten, and/or nickel, supported on a carrier comprising one or more refractory
oxides, typically alumina, but possibly silica or titania. The support is typically amor-
phous. The catalytically active material may comprise further components, such as bo-
ron or phosphorous. The conditions are typically a temperature in the interval 250-

400°C, a pressure in the interval 30-150 Bar, and a liquid hourly space velocity (LHSV)
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in the interval 0.1-2. Deoxygenation is typically exothermal, and with the presence of a
high amount of oxygen, the process may involve intermediate cooling e.g. by quench-
ing with cold hydrogen, feed or product. The feedstock may preferably contain an
amount of sulfur to ensure sulfidation of the metals, in order to maintain their activity. If
the feedstock stream comprising oxygenates comprises less than 10, 50 or 100 ppmw

sulfur, a sulfide donor, such as dimethyldisulfide (DMDS) may be added to the feed.

Typically, hydroisomerization involves directing an intermediate deoxygenated product
stream feedstock to contact a material catalytically active in hydroisomerization. The
conditions are typically a temperature in the interval 250-350°C, a pressure in the inter-
val 20-100 Bar, and a liquid hourly space velocity (LHSV) in the interval 0.5-8. Isomeri-
zation is substantially thermally neutral and hydrogen is typically not consumed in the
isomerization reactor. The active metal on the material catalytically active in isomeriza-
tion may either be a base metal or a noble metal. If it is a noble metal, the deoxygen-
ated feedstock is typically purified by gas/liquid separation section often involving a
stripping process, which typically will use hydrogen as stripping medium, but other
stripping media such as steam may also be used, to reduce the content of sulfur to be-
low 1-10 ppm. If the active metal is a base metal, the feed to hydroisomerization may
preferably contain an amount of sulfur to ensure sulfidation of the metals, in order to

maintain their activity.

Hydrocracking will adjust the cold flow properties as well as the boiling point character-
istics of a hydrocarbon mixture. Typically, hydrocracking involves directing an interme-
diate feedstock to contact a catalytically active material comprising an active metal (ei-
ther elemental noble metals such as platinum and/or palladium or sulfided base metals
such as nickel, cobalt, tungsten and/or molybdenum ), an acidic support (typically a
molecular sieve showing high cracking activity, and having a topology such as MFI,
BEA and FAU) and a refractory support (such as alumina, silica or titania, or combina-
tions thereof). While this is similar to the material catalytically active isomerization the
difference is typically the nature of the acidic support, which may be of a different struc-
ture (even amorphous silica-alumina) or have a different acidity e.g. due to silica:alu-
mina ratio. The conditions are typically a temperature in the interval 250-400°C, a pres-

sure in the interval 30-150 Bar, and a liquid hourly space velocity (LHSV) in the interval
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0.5-8, optionally together with intermediate cooling by quenching with cold hydrogen,

feed or product.

It has now been discovered that, especially, when the process employs a catalytically
active material not comprising cobalt in substantial amounts, the short and long term
negative impact of carbon oxides upon activity of the catalytically active material is very
low. Therefore, the traditional step of “sweetening” the recycle gas by an amine wash
may be omitted or replaced by a less efficient withdrawal of sour gas, such as purge or

membrane separation.

An additional benefit of omitting or reducing recycle gas sweetening is the avoidance or
reduction of a need for addition of sulfur in order maintain catalyst activity, since the re-

cycle gas will keep previously added sulfur in the process for an extended time.

The hydrogen rich gas stream is withdrawn as a recycle gas stream either from a
gas/liquid separation section between a base metal based deoxygenation reactor and a
noble metal based hydroisomerization reactor, or from a gas/liquid separation system
downstream the hydroisomerization reactor, if the material catalytically active in hydroi-
somerization comprises base metals. The process may also comprise one or more
other conversion steps, such as hydrocracking or hydrodearomatization, and depend-
ing on the sequence of these steps and the catalytically active metals used, the skilled
person will be aware of the possible positions for introducing a gas/liquid separator with

the purpose of withdrawing a recycle gas stream.

Figure 1 shows a process layout according to the present disclosure.

Figure 2 shows a process layout according to the prior art.

Elements shown in the figures

2 Feedstock stream comprising oxygenates
4 Hydrogen rich gas

6 Combined feed stream

8 Deoxygenated product stream

10 Aqueous liquid stream

11 Hydrocarbon liquid stream
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9
12 Gas stream
14 Lean amine solution
16 Rich amine solution
18 Purified gas stream
20 Purge gas stream
22 Hydrogen rich recycle gas stream
24 Make-up hydrogen stream
26 Sulfide source
HDO Deoxygenation reactor
SEP Separation section
COMP Recycle compressor
ABS Amine absorber

In Figure 1, a process with recycle of gas, with a purge, and no other intermediate re-
moval of carbon oxides is shown. Here a feedstock stream comprising oxygenates (2)
is combined with a hydrogen rich gas stream (4), and directed as a combined feed
stream (6) to a deoxygenation reactor (HDO). Often the combined feed stream (6) may
be combined with an amount of a hydrocarbon mixture, which may be recycled prod-
uct, or added hydrocarbon, such as a fossil feedstock. The deoxygenation reactor op-
erates under deoxygenation conditions, such as 30-150 barg pressure, 250-400C and
gas/oil ratio of 500-2000 Nm3/m3 , with a typical conversion of 90-100% of oxygenates
to hydrocarbons, water and CO.. From the deoxygenation reactor (HDO) a deoxygen-
ated product stream (8) is withdrawn and directed to a separation section (SEP), which
may be a single flash separator, a stripping column, or a train of separators. From the
separation section (SEP) at least a liquid stream (11) and a gas stream (12) are with-
drawn. Optionally an aqueous (10) and a non-aqueous liquid stream (11) are with-
drawn, since water is a significant product of the deoxygenation process. The gas
stream (12) is optionally split in a purge gas stream (20) and hydrogen rich gas stream,
which is pressurized in a recycle compressor (COMP). An amount of make-up hydro-
gen (24) is typically added to the hydrogen rich gas stream (22), and a sulfide source
(26) is typically added to the feedstock stream comprising oxygenates (2), but the latter
may be avoided if the gas recycle is sufficient to concentrate a moderate amount of sul-
fur in the feed (2).
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During a catalyst cycle, an amount of carbon oxides and light hydrocarbons such as
methane may build up in the hydrogen rich gas stream (22), and therefore, especially

towards end of run purge may be withdrawn, or the amount of purge may be increased.

In a further embodiment, the process layout may include further process elements. This
may include a pre-treatment section separating oxygenates from raw biological mate-
rial, by chemical and or mechanical treatment. It may also include a pre-hydrogenation
section, in which selected chemical conversions are carried out under specific condi-
tions, e.g. hydrogenation of olefins at low temperatures. The process layout may also
include a hydrocracking and/or an isomerization section, which may involve a sulfided
or a reduced catalytically active material. If the catalytically active material is sulfided,
the section may typically be placed between the deoxygenation reactor (HDO) and the
separation section (SEP), whereas, if it is reduced, it will placed downstream the sepa-

ration section (SEP), and receive purified hydrogen.

In Figure 2, a process with recycle of hydrogen and amine absorber in the gas loop is
shown. Again, a feedstock stream comprising oxygenates (2) is combined with a hydro-
gen rich gas stream (4), and directed as a combined feed stream (6) to a deoxygena-
tion reactor (HDO). From the deoxygenation reactor (HDO) a deoxygenated product
stream (8) is withdrawn and directed to a separation section (SEP), which may be a
single flash separator, a stripping column, or a train of separators. From the separation
section (SEP) at least a liquid stream (11) and a gas stream (12) are withdrawn. Op-
tionally an aqueous (10) and a non-aqueous (11) liquid stream are withdrawn. The gas
stream (12) is directed to an amine absorber (ABS) or another means of selective sep-
aration, withdrawing one or more of CO, CO; and HS. If the means of selective sepa-
ration is an amine absorber, a stream of lean amine solution (14) is directed to the ab-
sorber, and a rich amine solution (16), comprising amines and CO- and H.S is with-
drawn. A purified gas stream (18) is withdrawn from the amine absorber (ABS) and op-
tionally split in a purge gas stream (20) and hydrogen rich gas stream, which is pres-
surized in a recycle compressor (COMP). An amount of make-up hydrogen (24) is typi-
cally added to the hydrogen rich gas stream (22), and a sulfide source (26) is added to

the feedstock stream comprising oxygenates (2).
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In this layout, carbon dioxide will not build up in the hydrogen rich gas stream (22), but
a purge may be required to remove other impurities, including CO, especially towards

end of run purge may be withdrawn, or the amount of purge may be increased.

Examples
Experiments were carried out to evaluate the performance of a hydrogenation process

in which CO was present.

Experiment 1 evaluates hydrogenation activity by comparing desulfurization of a pure
fossil gasoil with desulfurization of a combined feedstock, comprising 85% gasoil and
15% rapeseed oil, over a catalytically active material, comprising 3.4% cobalt and 15%
molybdenum, supported on alumina. The composition of the feedstocks can be seen in

Table 1, and the conditions of the experiment in Table 2.

Pure Hydrogen was used as treat-gas in the test. The experiment showed active hydro-
genation (desulfurization was 99.0%) for fossil gasoil, but for the combined feedstock
under the same conditions, hydrogenation activity was low (desulfurization activity was
only 93.6%).

Experiment 2 investigates the reason for the low hydrogenation activity, for the com-
bined feedstock, by varying the concentration of CO, with the experimental conditions
of Table 3. The experimental results in Table 4 shows that the hydrogenation activity
decreases significantly with the presence of CO, with a sulfur level in the product of
645 ppmuwt, when 1% CO was present, vs a sulfur level in the product of 167 ppmu, in
the absence of CO.

Experiments 1 and 2 confirm the assumption in the field, that recycle of treat gas re-

quires efficient removal of CO, to avoid poisoning of the catalyst.

However, further experiments were carried out, based on the same feedstocks, but a
different catalytically active material, comprising 2.9% nickel and 15.5% molybdenum,
supported on alumina. Experiment 3 evaluates hydrogenation activity by comparing

desulfurization of a pure fossil gasoil with desulfurization of a combined feedstock,
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comprising gasoil and rapeseed oil, over a nickel/molybdenum catalyst, at the condi-
tions shown in Table 5. Pure Hydrogen was used as treat-gas in the test. The experi-
ment showed active hydrogenation (desulfurization was 99.1%) for fossil gasoil, and
surprisingly similar hydrogenation activity (desulfurization was 99.4%) was found for

combined feedstock.

Experiment 4 investigates the influence of CO on hydrogenation activity, by varying the
concentration of CO. The results of the experiment in Table 6 shows that the hydro-
genation activity is only slightly decreased with the presence of CO, with a sulfur level
in the product of 434 ppm., when 1% CO was present, vs. a sulfur level in the product

of 300 ppmuw, in the absence of CO.

Based on Experiments 1-4 it may be concluded that presence of CO is acceptable for

nickel/molybdenum catalyst, and thus that this material is preferred for feedstocks rich

in oxygenates and treat gases comprising CO. Considering this robustness, a process
with recycle of treat gas may be carried out without requiring highly efficient removal of
CO.

An analysis of the investment and operation cost for the process layouts according to
Figure 1 and Figure 2 shows an approximate 10% investment saving and an approxi-

mate 5% operational saving, which naturally is highly relevant.
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Table 1
Gasoil Gasoil/Rapeseed oil

Sulphur, wt% 1.28 1.04
Hydrogen, wt% 13.1 12.9
SG 60/60°F 0.8554 0.8647
Nitrogen, wtppm 180 169
Aromatics, wt% 26.96 25.89
Mono-aromatics , wt% 15.36 13.25
Di-aromatics , wt% 9.56 8.55
Tri aromatics + , wt% 2.04 4.09
Sim. Dist. D-2887XC

IBP 132 137

10 wt%,°C 253 254
30 wt%,°C 286 287
50 Wt%,°C 313 318
70 wt%,°C 345 356
90 Wt%,°C 388 426
FBP wt%,°C 429 612
Table 2

Experiments 1A Experiments 1B

Temperature, °C 350 350
Pressure, barg 45 45

LHSV, 1/h 1.5 1.5

H»/Oil, NI/l 250 250
Feedstock Gasoil Gasoil/Rapeseed oil
Product sulfur (wtppm) 127 696
Desulfurization 99.0% 93.6%
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Table 3
Experiment 2 and 4
Feedstock Gasoil
Pressure, barg 30
LHSV, 1/h 1.0
Treat gas composition 0-1volte O,
Balance with H2
Treat gas/Oil, NI/1 250
Table 4
CO vol% Product sulfur (wtppm) | Desulfurization
0 167 98.7%
0.1 223 98.3%
1 645 95.0%
Table 5
Experiments 3A Experiments 3B
Temperature, °C 350 350
Pressure, barg 45 45
LHSV, 1/h 1.5 1.5
Treat gas composition 100vol% H2 100vol% H2
Treat gas/Oil, NI/1 250 250
Feedstock Gasoil Gasoil/Rapeseed oil
Product sulfur (ppm) 75 96
Desulfurization 99.4% 99.1%
Table 6
CO vol% Product sulfur (wtppm) | Desulfurization
0 300 97.7%
0.01 326 97.5%
0.1 346 97.3%
1 434 96.6%
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. A method for production of a hydrocarbon mixture from a feedstock stream

comprising oxygenates and a make-up hydrogen gas stream, comprising the
steps of directing a feed stream, comprising the feedstock stream comprising
oxygenates, the make-up hydrogen gas stream and a hydrogen rich gas
stream, to contact a material catalytically active in deoxygenation under active
deoxygenation conditions and withdrawing a deoxygenated product stream,
characterized in the hydrogen rich gas stream comprising at least 70%
hydrogen, at least 0.1% carbon monoxide and at least 50 ppm H>S, and
characterized in said material catalytically active in deoxygenation comprising
molybdenum and/or nickel, on a support of refractory material and comprising
less than 0.1 wt% cobalt, without requiring a step of purifying said hydrogen

rich gas stream by use of an amine wash.

A method according to claim 1 further characterized in the hydrogen rich gas

stream comprising at least 0.1% carbon dioxide.

The method according to claim 1 or 2, wherein said feedstock stream
comprising oxygenates, comprises a fresh feedstock rich in oxygenates and a

diluent, said diluent being a further feedstock or a recycled liquid stream.

The method according to claim 3 further characterized in said liquid diluent

comprising less than 0.1 wt% atomic oxygen.

The method according to claim 3 or 4 wherein said liquid diluent comprises an
amount of said deoxygenated product stream or comprises an amount of a
product from a process step receiving an amount of said deoxygenated product

stream.

The method according to claim 3, 4 or 5 further characterized in said liquid

diluent being a stream comprising fossil feedstock.
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The method according to claim 1, 2, 3, 4, 5 or 6 further characterized in the
amount of sulfur contained in said hydrogen rich gas stream relative to the
amount of sulfur in the gas phase of the combined feed stream is at least 40%,
60% or 80%.

The method according to claim 1, 2, 3, 4, 5, 6 or 7 further characterized in at
least an amount of said deoxygenated product stream being directed to contact
a material catalytically active in hydrocracking and/or hydroisomerization under
active hydrocracking and/or hydroisomerization conditions and withdrawing a

further treated product stream.

The method according to claim 8 wherein said deoxygenated product stream or
said further treated product stream is separated in a gas stream and a liquid
stream, and wherein said hydrogen rich gas stream comprises a recycled

amount of said gas stream.

The method according to claim 1, 2, 3, 4, 5, 6, 7, 8 or 9 wherein less than 50
vol%, such as less than 10 vol%, less than 1 vol% or 0 vol%, of the carbon
oxides in the recycled amount of said gas stream are removed prior to the
recycled amount of said gas stream being directed to contact said material

catalytically active in deoxygenation.

The method according to claim 10, wherein said carbon oxides are removed
from the gas stream by a process involving membrane separation or by

withdrawal of a purge gas stream.

The method according to claim 10 or 11, wherein said removal of carbon oxides

does not involve scrubbing of the gas stream.



