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CO-PROCESSING OF RENEWABLE FEERSTOCKS IN PETROLEUM PROCESSING

BACKGROUND OF THE DISCLOSURE
Fieid
[o001] The present disclosure relates to processes for handling renewable feedsiocks in

combination with conventional petroleum feedstocks.

Technical Background

{6002} Renewable sources of hydrocarbons are becoming increasingly important as a
means of reducing the production of greenhouse gases while also reducing petroleum
imports. For example, ignoceliulosic biomass is typically made up of cellulose,
hemicellulose, and lignin. These biomass components are non-edible, carbohydrate-rich
polymers that may serve as a renewable source of energy. They typically make up af least
70% of the dry weight of biomass. As such, conversion of these non-edibie biomass
components into bio-fuels is of ongoing intersst that can benefit the environment and reduce

petroleum imports.

{0063} Trigiycerides and other suitable biclogically-derived feedstocks can be converied
into transportation fuel components, such as bio-LPG, biogasoline, biojet, biodiesel, HVO
and/or biodistiliate. Triglycerides often include a range of natural materials formed from
esterification of fatly acids and/or glycercl, such as vegetable oils, animal fats, and the like.
Coprocessing of natural olls and/or fats with fractions of fossil-derived crude cil can be a
convenient way to convert the natural oils and/or fais into a transporiation fuel or other useful

products.

{0004} Similarly, other renewable feedsiocks can be converted to more useful products.
For example, streams from waste such as pyrolysis oils {e.g., derived from plastic wasie)
and Fischer-Tropsch waxes might also be candidates for conversion. Here, too,

coprocessing can be a convenient way 10 procesd.

{0005} Raw renewable feedstocks such as these must, like petroleum feedstocks,
undergo a series of processing steps (o remove undesirable components and upgrade the
fuel constituents. However, integration of feedsiocks derived from renewable sources with
processes for processing conventional petroleum-based feedsiocks can present significant
challenges, given their different provenance and chemistry. These significant challenges
remain as complications in the development of methods of co-processing renewable and

conventional petroleum feedstocks.

SUMMARY
[0008] in & petroleurn oil refinery, hydrotreaters perform several cheamical conversions

and reactions. For example, hydrodesuifurization, hydrodenitrogenation and
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hydrodemetaliization processes can be used {0 remove undesirable sulfur, nilrogen and
metaliic components. Reactions such as hydrogenation (e.g., olefin saturation),
hydrocracking, deoxygenation, isomerization, and cracking can upgrade fuel components,
&.g., by deoxygenation and/or changing hydrocarbon chain length and/or structure. Thus,
chemical conversions are useful for upgrading the fuel componenis and for production of
clean and/or low sulfur transportation fuels. These processes utilize hydrogen as a reactant,
eptionally in combination with one or more other gases, and a catalyst, and are typically
performed at elevated temperature and/or pressure. Typical catalysis include zeolites and
transition metals (which can be provided, for example, in metallic form, or reduced in situ

from an oxidic form}.

{60473 The present inventors have noted that petroleum feeds and renewable feeds,
while both suitable for conversion into fuels and other products, originate from very different
sources and can have very different hydrotreating requirements and/or poor mutual
compatibility. For example, petroleum feeds tend 1o have a high amount of sulfur, nitrogen
and/or metals. And renewable feeds, especially those based on fatty acid esters, can
require significant deoxygenation and olefin saturation in order to provide desirable products.
Bui the present inventors have also recognized that cerlain efficiencies can be gained by co-
processing feedstocks in shared equipment.

[00038] The inventors have developed processes to efficiently co-process renswable

feedstock alongside conventional peircleum feedsiocks.

[00033 Thus, one aspect of the disclosure provides a process for co-processing a
renewable feed and a petroleum feed, the process comprising:
hydrolreating the petroleum feed in a firsi reaction zone, wherein the hydrotreating of
the pelroleum feed comprises one or more of hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization, isomerizalion, hydrogenation of
aromatics, and hydrocracking, 1o form a first reaction zone effiuent;
conducting the first reaction zone effluent {o a second reaction zone; and
in the second reaction zone hydrotreating a combination of the first reaction zone
effluent and the renewable feed, wherein the hydrotreating of the combination
comprises oneg or more of hydrodeoxygenation, decarboxyiation,
decarbonylation}, isomerization and hydrogenation of olefins of the renewable
feed, to form a second reaction zone effluent.

{60101 Thus, another aspect of the disclosure provides a process for co-processing a

renewable feed and a petroleum feed, the process comprising:
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hydrotreating the pelroleum feed in a first reaction zone, wherein the hydrotreating of
the petroleum feed comprises ong or more of hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization, hydrogenation of aromatics, and
hvdrocracking, to form a first reaclion zone effluent;

conducting the first reaction zone effluent to a second reaction zone; and

inn the second reaction zone hydrotreating a combination of the first reaction zone
effluent and the renewable feed, wherein the hydroireating of the combination
comprises one or more of hvdrodeoxygenation, decarboxyiation,
decarbonylation}, and hydrogenation of olefins of the renewabis feed, to form a
second reaction zone effluent.

iscmerization can be performed in the first reaction zone, the second reaction zone, or both.

{0011} Advantageously, the processes described herein aliow hydroprocessing of
combinations of feeds while minimizing interference with the hydrotreating of the petroleum
feed by the renewable feed. in particular, the present inventors have noted that
hydrotreating of renewable feedstiocks can be significantly exothermic and consume large
amount of hydrogen gas. When hydrotreatment of a petroleum feed is performed in
combination with a renewable feedsiock, this can causs a less effeclive processing of the
petroleum feed. Further, separation of the reaction exotherms and peak Hz consumption
allows for increased processing capacity with existing infrastructure. Additionally, separation
of cerlain process steps allows independent reaclior design and conditions 1o be ulilized for
each. For example, the method of feed infroduction, catalyst choice, bed design,
temperature controis, and metallurgy may be independently optimized for treatment of
renewable feed, for treatment of a petroleum feed, and/or for treatment of a combination of a

renewable feed with a petroieum feed.

{60123 Gther aspecis of the disclosure will be apparent to those skilled in the art in view
of the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS
{6013} FIG. 1 provides a process schematic according to one embodiment of the
disclosure.

DETAILED DESCRIPTION

{60141 The present disclosure relates 10 processes o allow efficient handling of
renewable feedstocks in conjunction with pelroleum feedstocks. The present inventors have
found that co~-processing hydrocarbon feedsiocks may have many benefits related to
efficiency and capital expenditure. However, the present inventors have noted that simply

combining a renewable feed with g petroleum feed at the ouiset of hydroprocessing can

w3



WO 2023/278531 PCT/US2022/035459

result in certain process inefficiencies. For example, hydroprocessing of renewable
feedsiocks can resull in high hydrogen consumption and sirong exotherms due to a high
degree of hydrodeoxygenation, decarboxylation, decarbonylation, isomerization and olefin
saturation. And processes imporiant for processing of petroleum feeds, especially
hydrodesulfurization, hydrodenitrogenation, hydrodemetallization, and hydrogenation of
aromatios, can be complicated by the presence of large amounts of renewable feedstock.
Accordingly, the present inventors have noted that it can be advantageous to allow the
renewable feed 1o bypass one or more hydroprocessing steps 1o which a petroleum feed is
subjected. After initial hydroprocessing, the petroleum feed and a renewable feed may be

combined and co-processed in a downsiream reacior.

{6015} Accordingly, one aspect of the disclosure provides a process for co-processing a
renewable feed and a petroleum feed, the process comprising:
hydroireating the petroleunm feed in a first reaction zone, wherein the hydrotreating of
the petroleum feed comprises one or more of hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization, isomerization, hydrogenation of
aromatics, and hydrocracking, to form a first reaclion zone effluent;
conducting the first reaction zone effluent o a second reaction zone; and
in the second reaction zone hydrotreating a combination of the first reaclion zone
effluent and the renewable feed, wherein the hydrotreating of the combination
comprises one or more of hydrodeoxygenation, decarboxyiation, decarbonyiation,
isomerization and hydrogenation of olefins of the renewable feed, to form a

second reaction zone effluent.

[G018] Such a process is shown in schematic view in FIG. 1. Here, a petroleun feed
102 is conducled 1o a first reaction zone 120, in which it is hydrotreated {e.q., by one or more
of hydrodesulfurization, hydrodenitrogenation, hydrodernetallization, hydrogenation of
aromatics, isomerization and hydrocracking), to form a first reaction zone effiuent 104, The
first reaction zone effluent 104 is conducted to a second reaction zone 130, In the second
reaction zone 130, a combination of the first regction zone effluent 104 and a renewable
feed 108 are hydrotreated {e.g., one or more of hydrodeoxygenation, decarboxylation,
decarbonylation, isomerization and hydrogenation of olefins of the renewable feed) to form a

second reaction zone efffuent 108.

{60171 in the first reaction zone, the petroleum feed is hydrotreated. Desirably, this
hydrotreatment is performed without substantial amounts of renewable feedstock being
present. For example, in certain embodiments, the hydrotreatment of the petrolsum feed in
the first reaction zone is conducted in the presence of no more than 10 wi% renswable

material, e.g., no more than 5 wi%. In certain embodiments as otherwise described herein,
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hydrotreatmeni of the petroleum feed in the firsi reaction zone is conducied in the presence
of no more than 2 wi% renewable malerial, £.g., no more than 1 wit%. However, in other
embodiments, some amount of renewable material is present; based on the disclosure
herein, the person of ordinary skill in the art can determine what amount of renewable

material is tolerable in the hydrotreatment of the petroleum feed.

{0018} in the first reaction zone, the petroleum feed can be subjected {0 processes that
are generally less imporiant with respect to the renewable feed, and/or that can suffer from
inefficiency in the presence of renewable feedstocks. Frocesses performed in the first
reaction zone may be performed in a single reactor or catalyst bed, or in multiple reactors or
catalyst beds, arranged in series or in parsliel. For example, each process in the first
reaction zone may be performed in a separate reactor or catalyst bed. in other
embodiments, two of more processes may be performed within a single reacior or
compariment. For example, the reactor conditions and reactant feeds may be varied to

perform two oF More processes.

{0018 For example, in certain embodiments, the hvdrotreating of the petroleum feed in
the first reaction zone includes hydrodesulfurization. Hydrodesuifurization is a hydrotreating
process known in the art to reduce the sulfur content of feedstocks. Sulfur exists in
feedstocks in a vanety of organic and inorganic forms, including thiols, thiophenes, and
sulfides, and can lead to undesirable peiroleumn characteristics and downstream catalyst
poisoning. Hydrodesulfurization serves to convert these to a volatile sulfur form, often
hydrogen suifide, which can be captured and transformed into other forms such as sulfuric
acid and/or slemental sulfur. The petroleum feed can be conlacied with a
hydrodesulfurization catalyst {2.g., an alumina-supporied CoMo, NiMo, CoW and/or NiWW
catalyst, typically in a sulfided form) and hydrogen gas at elevated temperature and
pressure. For example, a hydrodesulfurization is performed, in certain embodiments, at
temperatures in the range of 250-450 °C {e.g., 300-400 °C) and pressures in the range of
1.5-2{ MPa {e.g., 3-15 MPa)) absolute. In cerlain desirable embodiments, the
hydrodesulfurization removes at least 50% of sulfur {on an atomic basis) from the petroleum

feed, e.g., at least 75%, at least 80%, or even at least 95%.

{6020} in certain embaodiments, the hydrotreating of the petroleum feed in the first
reaction zone includes hydrodenitrogenation.  Hydrodenitrogenation is a hydrotreating
process known in the ant 1o remove nifrogen compounds from petroleum feadstocks through
treatment with hydrogen. Hydrodenitrogenation aims to convert organic nitrogen
compounds into ammonia and other volatile components which may be removed. The
petroleum feed can be contacted with a hydrodenitrogenation catalyst (e.g., an alumina-

supported ColMo catalyst, an alumina-supported NiMo catalyst, or a combination thereof)
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and hydrogen gas at elevated temperalure and pressure. Forexample, a
hydrodenitrogenalion is performed, in certain embodimenis, at temperalures in the range of
250-450 °C (a.g., 300-400 °C) and pressures in the range of 1.5-20 MPa {e.g., 3-15 MPa)
absolute. In many processes, hydrodenitrogenation is performed together with
hydrodesulfurization in the same process step. In certain desirable embodiments, the
hydrodenitrogenation removes at least 50% of nitrogen (on an atomic basis) from the
petroleum feed, e.g., at least 758%, or even at least 90%.

[6021] I certain embodiments, the hydrolreating of the petroleum feed in the first
reaction zone includes hydrodemetallization. Hydrodemetallization is a hydrotreating
process by which metals can be removed from oif feedstocks. Low metal contents are
critical to downstream processing in order to avoid catalyst poisoning and adverse
environmenial effects. For example, hydrodemetallization may serve 1o reduce the
concentration of one or move transition metals, such as nickel, vanadium, and/or iron.
Without wishing 1o be bound by theory, hydrodemetallization can proceed by reducing
crganometallic compounds to the elemental, zero-valent metals, and/or by removing organic
ligands from meials, sach leading to precipitation of the metal from the gil feedstock. The
petroleum feed can be contacted with a hydrodemetallization catalyst (e.g., an alumina-
supported CoMo catalyst, an alumina-supporied NiMo catalyst, or a combination thereof)
and hvdrogen gas al elevated temperature and pressure. Forexample, a
hydrodemetallization is performed, in cerlain embodiments, at temperatures in the range of
250-450 °C (e.q., 300-400 °C) and pressures in the range of 1.5-20 MPa (e.g., 3-18 MPa)
absolute. Of course, other process conditions are possibie. In many processes,
hydrodemetallization is performed fogether with hydrodesulfurization and/or
hydrodenitrogenation in the same process step. In certain desirable embodiments, the
hydrodemetaliization removes at least 50 wt% of metals (on an atomic basis) from the

petroleum feed, e.g., at least 75 wi%, at least 80%, or even at least 85%.

{6022} Moreover, in certain embaodiments the process conditions for one or more of
hydrodesulfurization, hydrodenitrogenation and hydrodemetallization will, at least to some

extent, reduce the amount of asphaltenes in the petroleum feed.

{6023} in certain desirable embodiments, the hydrotreating of the petroleum feed in the
first reaction zone includes at least one hydrodesulfurization, hydrodemetallization or
hydrodenitrogenation, e.g., two or more of hydrodesulfurization, hydrodemetallization or
hydrodenitrogenation, or even all three of hydrodesulfurization, hydrodemetailization and
hydrodenitrogenation, for example, variously conducted to as to remove species in the
amounts as described above,
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{0024 Of course, other hydroprocessing steps can alternatively or addilionally be
provided in the firsi reaction zone. For example, in certain embodiments, hydroirgaling of
the petroleum feed in the first reaction zone includes hydrogenation of aromatics. The
petroleum feed can be contacted with a hydrogenation catalyst {e.g., a nickelftungsten
catalyst or a noble metal calalyst) and hydrogen gas at elevated temperature and pressure.
For example, a hydrogenation is performed, in certain embodiments, at temperatures in the
range of 250-450 °C {e.g., 300-400 °C) and pressures in the range of 5-20 MPa (a.g., 8-15
MPa) absolute. Of course, other conditions can be appropriate in some cases, This can be
performed, for example, in a separate reactor or catalyst bed from hydrodesulfurization,
hydrodemetallization and/or hydrodenitrogenation, e.g., after such process step(s). In
certain desirable embodiments, the hydrogenation of aromatics reduce the aromaticity of the
petroleum feed by at least 15%, e.g., at least 30%, as measured by ASTM DE581.

[0025] in certain embodiments, hydrotreating of the petroleum feed in the first reaction
zone includes hydrocracking. Hydrocracking is a process known in the art to convert high-
boiling hydrocarbons into lighter constituents. Hydrocracking formally includes both
hydrogenation {e.g., as described above) and cracking; some degree of isomerization is
typically present as well.  The petroleum feed can be contacted with a hydrocracking
catalysi {e.g., a nickeltungsten catalyst supported on alumina/silica) and hydrogen gas at
elevated temperature and pressure. For example, hydrocracking is performed, in certain
embodiments, at temperatures in the range of 250-450 °C {e.g., 300-400 °C) and pressures
in the range of 5-20 MPa (e.q., 8-15 MPa) absolute. Of course, other conditions are
possible, This can be performed, for example, in g separate reacior or catalyst bed from
hydrodesulfurization, hydrodemetallization and/or hydrodenitrogenation, e.q., after such
process step(s). In certain desirable embodiments, the hydrocracking causes at least 10
wi% of the malerial {e.g., at least 25 wi%, al least 50 wi%, or at least 75 wit%) to go from
having a bolling point at atmospheric pressure greater than 360 C to having a boiling point at

atmospheric pressure no more than 380 °C, as measured according to ASTM D2887.

{G028] in certain embaodiments as otherwise described herein, the hydrofreating of the
petroleum feed in the first reaction zone includes one or more of hydrodesulfurization,
hydrodemetallization and/or hydrodenitrogenation (.g., two or more or all three as described

above}, followed by one or more of hvdrogenation of aromatics and hydrocracking.

{60271 in certain embodiments as otherwise described herein, the hydrotreating of the
petroleum feed in the first reaction zone includes isomerization. isomerization (here,
formally a *hydroisomerization”} is known to be useful to improve properties of a patroleum
feed, e.g., by transforming linsar hydrocarbons to branched ones, which can improve the

fuel rating (e.g., octane) of an eventual fuel made using the feed, and can help io dewax the
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feed to improve iis cold flow propertiss. A variety of catalysis and process condilions are
kinown {0 be suitable for isomerization, depending on the desired transformation. Examples
of catalysts include those based on noble metals providing hydrogenation activity (e.g.,
platinum and palladium) disposed on porous acidic supports, such as Z8M-5, SAPO-11,
Z8M-22, Y, and Bela-zeolites and compaosite materials containing mesoporous MCM-41,
MCM-48, and SBA-15. Process conditions are typically in the range of 200-40{ C, 1-80 bar
Hz. The person of ordinary skill in the art will appreciate that other catalysts and/or
conditions can be used. In certain desirable embodiments, the isomerization increase the
weight ratio of iso-parafiins (C10-Czo) 1o normal paraffins {C10-Con) by at least 10% (i.e., such
that the quotient of the ratio after the isomerization procass to the ratio before the
isomerization process is at least 110%:;), for example, at least 20%, as determined by gas

chromatography.

{0028} in certain embodiments as otherwise described herein, the hydrotreating of the
petroleum feed in the first reaction zone includes, in addition to isomerization, one or more of
hydrodesulfurization, hydrodemetallization and/or hydrodenitrogenation (e.g., two or more or
all three as described above) and/or one or mors of hydrogenation of aromatics and

hydrocracking.

{00233 The petroleum feed can be further subjected to other processing in the first
reaction zong, ie., before combination with the renewable feed. For example, the petroleum
feed can be subjectsd to oracking, vishreaking, coking, and/or reforming in the first reaction
zons. isomerization of the petroleum feed may also be desirable in the first reaction zone,
as may alkylation and/or (pariial) oxidation. When used, these processes can be performed

in any order with respect to the hydroprocessing in the first reaction zone.

fo038) The processing of the pelroleum feed in the first reaction zone provides a first
reaction zone effluent, which is conducted to a second reaction zone. in the second reaction
zone, a combination of the first reaction zone effluent and the renewable fsad are

hydrofreated.

f0031) The renewable feed can be subject to a number of operations before il is
hydrotreated in combination with the first reaction zone effluent. For example, in certain
embodiments, the renewable feed can be isomerized before the hydrotreating in
combination with the first reaction zone effiuent. The isomerization can, e.q., isomerize fatly
acid chains of a falty acid-based renewabie feed. Hvdrogenation of olefins of the feed can
be performed before the hydrotreating in combination with the first reaction zone effluent, as

can some degree of hydrodeoxygenation {as describad below) or other reaction to break
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glyceride ester bonds. And olher fat refining processes can be performed on the renewable

feed before it is hydrotreated in combination with the first reaction zone effluent.

{00323 in ceriain embodiments, the hydrotreatment of the combination in the second
reaction zone includes a hydrodeoxygenation. Hydrodeoxygenation is a process Known in
the art to remove oxygen from oxygen-containing feedstocks, e.g. trigiycerides, through
treatment with a reducing gas such as hydrogen. For example, hydrodeoxygenation may
remove oxygen from oxygen-containing organic molecules (such as alcohols, ethers, asters,
and carbonates) through formation and removal of volatile species such as water. This can
be espedially imporiant for cerlain renewable feedstocks. Renewable feedstocks based on
fats and oils and/or on lignoceliviosic biomass have substantial organic oxygen content;
upgrading these species to provide hydrocarbons is highly desirable. The petroleum feed
can be contacted with g hydrodeoxygenation calalyst (e.g., an alumina-supported CoMo
catalyst, an alumina-supported NiMo catalyst, or a combination thereof} and hydrogen gas at
elevated temperature and pressure. For example, a hydrodeoxygenation is performed, in
certain embodiments, at temperatures in the range of 250-450 °C (2.g., 300-400 °C) and
pressures in the range of 1.5-20 MPa {e.g., 3-15 MPa) absolute. The present inveniors have
noted that this is similar to the calalyst and conditions used for hydrodesulfurization;
however, separating the exothermic hydrodeoxygenation of the renewable feed from the
exothermic hydrodesulfurization of the petroleum feed into separate reaciors or catalyst
beds can be especially advantageous, as i avoids undesirable heatl buildup in 3 single
reactor or catalyst bed, and thus presents a lower risk of calalyst deactivation.

{0033 in certain embodiments, the hydrotreatment of the combination in the second
reaction zone includes one or more of decarboxylation (here, formally a
‘hydrodecarboxylation™ and decarbonylation (here, formally a “hydrodecarbonylation™ Ina
decarboxylation, the hydrotreatment resuits in the evolution of carbon dioxide from the
material. Given that glycerides are formed as carboxylate esters of glyceral and fatty acid,
liberation of carbon dioxide with hydrogenation can be an especially powerful way to form
long-chain hydrocarbons from the fatty residues of fatty acids and esters in feeds containing
them. in a decarbonylation, the hydrotreatment results in the evolution of carbon monoxide
from the material, Catalysts and reaction conditions for such processes are known in the art,
For example, suitable catalyst for one or both of decarboxylation and decarbonylation
include metals such as coball, molybdenum, nickel, tungsten, palladium, platinum, ridium,
rhodium, rhenium, ruthenium, tin, copper and zinc disposed on an acidic support such as a
zeolile or a substiluted aluminophosphate; or nickel, cobalf, molybdenum and/for zinc on an

alumina support, optionally sulfided. Readlion conditions can vary, but in typical cases are
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atl lemperatures in the range of 250-450 °C (e.g., 300-400 °C) and pressures in the range of
1.5-20 MPa (e.g., 3-15 MPa) absolute.

{00343 in ceriain embodiments as otherwise described herein, the hydrotreating of the
combinalion of the first reaction zone effluent and the renewable feed in the second reaction
zone includes one or more of hydrodedasoxygenation, decarbonyiation and decarboxylation
{e.g., two or more or all three).  Ofien, hydrodeoxygenation, decarboxyliation and
decarbonyiation ocour together {0 some extent, with some conditions and catalysts leading
to relatively more of one and relatively fess of others. All three mechanisms fulfil the desired
goal of removing oxygen from the otherwise hydrocarbonaceous molecules of the
composition. in ceriain desirable embodiments, the hydrodedeoxygenation, decarbonylation
and/or decarboxylation removes at least 50% of the oxygen from the combination of the first
reaction zone effluent and the renewable feed, e.g., at least 75%, at least 80%, at least 85%,

or even at least 88%.

[GO35] i certain embodiments, hydrotreating of the combination in the second reaction
zone includes isomerization. Isomerization (here, formaily a “hydroisomerization”} is known
to be useful 1o improve properties of a renewable feed, e.g., by transforming linear
hydrocarbyl species to branched ones, which can improve the fuel raling (e.g., octaneg} of an
eventual fuel made using the feed, and can help to dewax the feed to improve its cold flow
propearties. A variety of catalysts and process conditions are known o be suitable for
isomerization, depending on the desived transformation. Examples of catalysts include
those based on noble metals providing hydrogenation aclivity {e.g., platinum and pailadium)
disposed on porous acidic supports, such as ZSM-5, SAPG-11, Z8M-22, Y, and Beta-
zeolites and composite materials containing mesoporous MCM-41, MCM-48, and SBA-15.
Frocess conditions are typically in the range of 200-400 °C, 1-80 bar H,. The person of
ordinary skill in the art will appreciate that other catalysts and/or conditions can be used. in
ceriain desirable embodiments, the isomerization increase the weight ratio of iso-paraffins
{C15-Cop) 10 normal parafiins (Cqo-Cuo) by at least 10% (i.e., such that the quotient of the ratic
after the isomerization process to the ratio before the isomerization process is at least

110%), for excample, at least 20%, as determined by gas chromatography.

{G038] in certain embodiments, hydrotreating of the combination in the second reaction
zone includes hydrogenation (i.e., at least partially) of olefins of the renewable feed. Many
renewable feedstocks retain some olefinic character (e.g., unsaturated fally acid esters;
lignin-containing biomass). The petroleum feed can be contacted with a hydrogenation
catalyst {(2.g., a NiMo catalyst, a CoMo catalyst, nickeltungsten catalyst or a noble metal
catalyst) and hydrogen gas at elevated temperature and pressure. Forexample, a

hydrogenation is performed, in certain embodiments, at temperaiures in the range of 50-450
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°C {e.g., 150-400 °C) and hydrogen pressures in the range of 5-20 MPa (e.g., 8-15 MPa)
absolute. This can be performed, for exampie, in a separaie reacior or calalyst bed from
hydrodeoxygenation, decarboxylation and/or decarbonylation.  The process step in which
clefing are hydrogenated can also resulf in hydrogenation of aromatics. In cerlain desirable
embodiments, the hydrogenation of olefins reduces the bromine index of the material by at

least 53%, e.g., at least 78%, or at least 80%, or even at least 95%.

{6037 The present inveniors have nofed that the hydrodeoxygenation, decarboxylation,
decarbonyiation, and hydrogenation of olefins of renewable feeds can often be significantly
exothermic. Accordingly, in cerlain embodiments, one or more hydrotreating operations in
the second reaction zone are conducted in paraliel, with the renewable feed being spiit
among parallel reactors/catalyst beds in order {0 spread out the exotherm and hydrogen
consumption. The split stream can be recombined for fater operations.  This can allow for

increased processing rate.

{6038} Advantageously, the use of a separate regctor zone for hydrotreating of the
renewable feed means that the bulk of the petroleum hydrotreating can be performed in
reaction systems especially suited for that purpose; indeed, existing petroleum hydrotreating
systems can be used without medification. This also allows for separate catalysis and
reaction conditions to be used in the first and second reaction zones, to most favor the
reactions desired in each. For example, the hydrodeoxygenation, decarboxylation,
decarbonylation, and hydrogenation of olefins of the renewable feed can be conducted at
substantially lower Hy pressure and/ or at lower temperature than the hydrodesuifurization of
the petroleumn feed. And independent temperalure conirol can be performed in the ssparate
reaction zones, e.q., by intermediate heat exchange, injection of diluents, or management of
hydrogen. But the second reaction zone can he designed and operated by the person of
ordinary skill in the art to not only perform the desired hydrotreating of the renewable, but
also further the hydrotreating of the petroleum feed, i.e., such that the hydrotreating in the
first reaction zone need not be pushed to completion. Moreover, cycle management and
catalyst change-out strategies can differ between the reaction zones, allowing further
increases in process efficiency. Notably, while Colfo catalysts can be advantageous over
NiMo catalysts for hvdrotreating petroleum feeds, they are strongly inhibited by carbon
oxides. By hydrotreating the peltroieum feed in the absence of the renswable feed, carbon
oxides can be avoided and so the more desirable ColMo catalyst can be used without the

inhibition that might occur when a renewable is present.

{6039 The hydrogen required for each hydrotreating step can be admitied to
reactors/catalyst beds at any desirable point. B can be advantageous to admit hydrogen

necessary for the hydrotrealing of the renewable feed in the second reaction zone, e.g., at

1
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one or more inleis of reactors or catalyst beds therein. This means that a substantial fraction
{e.g., at leasi 50%, at least 75% or even at leasi B0%) of the hydrogen necessary for the
hydrotreating of the renewable feed need not go through the first reaction zone. This can
reduce the capacity necessary, and strain on, the compressors delivering hydrogen to the
first reaction zone. Requiring less hydrogen in the first reaction zone can also allow for a
higher petroleum feed throughput, as reacior space otherwise taken by hydrogen can be
filled with petroleum feed. This can also allow for reduced capiial expenditure, as smaller
compressors and fewer catalysis beds or regctors are necessary in the firsi reaction zone,

as the volume of hydrogen being pushed through the first reaction zone is reduced.

{60443 And as the exothermicity of hydrotreating of the renewable feed is not present in
the first reaction zone, this allows for a more controlied reaction temperature which avoids
suboptimal operating regimes which could lead to less aromatic hydrogenation and an
increase in undesirable hydrocracking. Thus better thermal controt allows for the reaction

temperatures o be separately tuned for each set of reactions.

{0041} The second regction zone effluent can be further processed, as the person of
ordinary skill in the art will appreciate. For example, isomerization is a process 1o generate
different isomer distributions within the feedstocks. This can be helpful, e.g., 1o tune product
properties such as oxidative stability, cloud point and viscosity. Cracking {(e.g., catalytic or
thermal cracking) is a technigue known in the art to generate lighter and lower-boiling
hydrocarbons from a feed mixiure. The person of ordinary skill in the art will select
isomerization and/or cracking processes depending on the particular feedstocks used and
the desired final product properties.  For example, cracking can be used 1o shifi the
hydrocarbon length distribulion of the product to shorter lengths, e.g., to provide materials
with desired boiling range, vapor pressure, elc., such as jet fuel, arctic dissel or gasoline.
And some degree of other hydrofreatment effects, e.g., hydrodesulfurization,

hydrodemetaliization, hydrodeniirogenation, can also occur in the second reaction zone,

{6042} The person of ordinary skill in the arl can perform the hydrotrealing process
operations described herein using conventional methodologies. In certain embodiments as
otherwise described herein, the ireatment gas for each hydrotreating process as otherwise
described herein (2.q., the hydrodesuifurization, hydrodenitrogenation, hydrodemetailization,
hydrogenation, hvdrocracking, hydrodeoxygenation, decarboxylation, decarbonyiation) may
independently comprise hydrogen. In cerlain embodiments, the treatment gases as
otherwise described herein may be admixed with one or more other gases. For example, in
certain embodiments as otherwise described herein the other gases may comprise inert
gases, such nitrogen, carbon dioxide, helium, neon, or argon. The inert gases may be

present in any suitable amouni, for example in the range of 0.1 voi% to 80 vol%.
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Additionally or alternatively, the olher gases may comprise carbon monoxide or water. in
certain embodiments, the treatment gases comprise no more than 20 vol% carbon monoxide
and water, or no more than 10 vol%, or no more than 5 voi%, or ne more than 1 vol% carbon
monoxide and water. For example, the treatment gas may comprise substantially no carbon
monoxide, and/or may comprise substantially no water. The person of ordinary skill in the
art will use any desirable hydrogen source from within an integrated system. For example,
reforming processes can provide hydrogen for use in the hydrotreating process steps
described herein,

[G043] Advantageously, the processes disclosed herein aliow for the efficient handling
and upgrading of combinations of renewable and petroleum feedstocks. As used herein, a
‘renewable” feed or material is one that comprises carbon derived from modern biomass
{i.e., not biomass that has been converted to petroleum). For example, in certain
embodiments, at [sast 50 wit%, e.g., al lzast 75 wt%, of the renewable fead is derived from
bicmass. In certain embodiments as otherwise described herein, at least 80 wi%, e.g., at
least 95 wi% or at least 98 wi% or at least 99 wi% of the renswable feed is derived from
modern biomass. A variely of biomass sources can be used. One source of biomass is
agricultural products in the form of dedicated energy crops such as switchgrass, miscanthus,
bamboo, sorghum, tall fescue, kochia, wheatgrass, poplar, willow, silver maple, eastern
cotionwood, green ash, black walnui, sweelgum, and sycamore. Another biomass source is
agricultural waste or agriculiural orop residue. Conventional agriculiural aclivities, including
the production of food, feed, fiber, and forest products, generate large amounts of waste
plant material. Examples of such materials include com stover, wheat straw, oat straw,
barley straw, sorghum stubble, and rice straw. A third biomass source is through forestry
residues left afier timber operations. Biomass may aiso be in the form of municipal waste,
which includes commercial and residential garbage, including yard trimmings, paper and
paperboard, plastics, rubber, leather, texdiles, and food waste. Accordingly, in ceriain
embodiments as otherwise described herein, the renewable feed is derived from agricultural
biomass or municipal waste biomass. Additional sources of agricultural biomass will be
apparent to one of skill in the arl as dictated by lpcal availability, economics, and process
compatibility. Municipal waste biomass includes, for example, various classes of municipat
solid waste and sewage sludge. Other wasle streams can be used. The person of ordinary
skill in the art will appreciate that a variety of processes can be used to convert biomass o a
desired renewable feed, e.q., via technigues such as pyrolysis and gasification.
Transesterification can be used o convert a glyceride info a fatly acid ester such as a faity
acid methyl ester, which can be a suilable renewable feed. In cerlain embodiments, the

renewable feed comprises fatly acyl compounds such as one or more of fatty acids and fatly
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acid esters such as falty acid methyl esters and faity acid givceride eslers. In certain

embodiments, the renewable feed comprises lignin, &.g., as lignocelivlosic biomass.

{00443 Numerous sources of pelroleum feeds are known in the art. For example, at
least a portion of the peiroleum feedstock may be derived from gas, ceoal, and/or crude oil.
Appropriate sources and compositions of conventional feedstocks may be selecled by the
person of ordinary skill in the arl in light of the present disclosure. For example, the
petroleum feed may be derived from one or more process streams associated with crude oil
refining, such as straight-run fractions, naphtha, kerosene, light gas oil, heavy gas oil,
vacuum gas oil, light cycie oll, heavy cycle oll, coker naphtha, visbroken naphtha, coker gas

cil, visbroken gas oil and the like, and combinations thereof.

[G045] The renawable feed and first reaclion zone effiuent as otherwise described herein
may be provided in any suitable ratio, depending on the desired produci(s). Forexample, in
certain embodiments, the renewable feed and first reaction zone effiuent are provided in a
ratio in the range of 100:1 to 1:100, by weight. in cerlain embodiments, the renewable feed
and first reaction zone effluent are provided in a ratio in the range of 50:1 to 1:50, or 20:1 to
1.28, or 10:1 t0 1:10, or 5:1 10 1:5 by weight.

{60486} The person of ordinary skill will perform the process steps described here using
convertional technologies.  in certain embodiments as otherwise desoribed herein, the
reaction zones may comprise fixed beds, fluidized beds, ehuliated beds, or any other
suitable reactor bed. The catalyst may have any suftable particle size. A portion of the
catalyst may be withdrawn from the reactor on a continuous basis and/or an intermitient
basis to be regenerated or replaced. Catalyst regeneration may occur in a main reaction
zone, a separate zone, and/or a separale vessel, and may bs performed with hydrogen,

water, sieam, oxygen, or combinations thereof as appropriate.

{0047} in certain embodiments as otherwise described herein, the first reaction zone and
second reaction zone form an integrated procass. For example, in certain embodiments
they can both operaie continuously and within the same plant. Within each reaction zone,
there may be one or more reactor beds, The first and second reaction zones may be, for
example, in separaie reaciors within the same plant. Bul in cerlain embodiments, the first
reaction zone and the second reaction zone are formed from different catalyst beds within
the same multi-bed reacior

{0048} Advantageously, the effluent of the second reaction zone may be used {o
produce valuable products. For exampie, in certain embodiments as otherwise described
herein, the second reaction zone sffluent is used 1o produce one or more of fuels {e.g.,

distillate fuels), naphtha, gases and lubricant base oils. As noled above, additional process
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steps may be performed on the effiuent of the second reaclion zone {o provide such

products.

[0048] Depending on the composition of the renewable feed and the desired process
conditions, it may be desirable {o dilule a raw renewable feedstock with a diluent in order {0
alter the properties of the renewabie feed. In certain embodiments as otherwise desciibed
herein, the process may further comprise the step of diluling a raw renewable feadstock with
a diluent to form the renewable feed. For example, in particular embodiments, the diluent is

a petroleum feed, e.q., in the form of a recycled product oil,

{00503 in ceriain embodiments as otherwise described herein, the sffluent streams from
one or more reactors from the first and/or second reaction zones may be subjecled fo
vapor/liquid separation to remove volatile components. Separation of vapor and liguid phase
components may be achieved through distillation, such as with a distillation tower, a
fractionation column, and the Bke. Optionally or aiternatively, flash separgtion vessels andfor
drums may be used instead of, or in addition to, distiliation columns. The flash drums can be
used where a high proportion of volatile components to liguid components is present, and/or
wherea no separation of the liquid phase into two or more fractions is desired. Flash
separation may be carried cut prior to product distillation. The vapor phase separated may
possess unreacted gases {e.g., unreacted hydrogen). In certain embodiments as otherwise
described herein, the vapor phase separated from the liguid phase may be recycled o a
reactor or reaction zone. A purge stream may be removed from the vapor ghase before
recycling to control the levels of contaminants, such as hydrogen sulfide, carbon monaoxide,
carbon dioxide, ammonia, methane, ethane, propane, nitrogen and nitrogen oxides, and the
like. The contaminanis may affect reachion rates, deactivate or poison catalysis, and/or form
relatively inert components that act as diluents. In other embodiments, the vapor phase is
subjected o one or more scrubbing step prior 1o recycling. The person of ordinary skill in the
art can use conventional separation and recycle techniques in practice of the processes
describad herein.

{60581} As certain hydroprocessing reactions can be strongly exothermic, in certain
embodiments interstage cooling may be emploved. Interstage cooling may include one or
more heat transfer devices {e.g., heat exchangers) between catalyst beds. Atleast a portion
of any heat recovered may be recycled to other processes. For exampie, one or more feeds
may be preheated by the heal recovered from the hydroprocessing reactors.  Introduction
of cold feed may also be used for cooling. The person of ordinary skill in the art will
appreciate that other heat transfer techniques can be advantagsously used in the processes

dascribad herein
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{6052} All percentages, ratios and proportions herein are by weight, unless otherwise
specifisd. The phrase “at least a portion” as used herein is used to signify that, at leasi, a

fractional amount is required, up 1o the entire possible amount.

[0053] Varigus aspects and embodiments of the disclosure are provided by the following
enumerated embodimenis, which may be combined in any number and in any combination

that is not technically or logically inconsistent.

Embodiment 1. A process for co-processing a renewable feed and a pelroleum feed,
the process comprising:
hydrotreating the pelroleum feed in a first reaction zone, wherein the hydrotreating of
the petroleum feed comprises one or more of hvdrodesulfurization,
hydrodeniirogenation, hydrodemetallization, isomerization, hydrogenation of
aromatics, and hydrocracking, to form a first reaction zone effluent;
conducting the first reaction zone effluent 10 a second reaction zone; and
in the second reaction zone hydrotreating a combination of the first reaction zone
effluent and the renewable feed, wherein the hydrotreating of the combination
comprises one or more of hydrodeoxygenation, decarboxylation, decarbonyiation,
isomerization and hydrogenation of olefins of the renewable feed, to form a

second reaction zone effluent.

Embodiment 2. The process according to embodiment 1, wherein the hydrotreating of
the petroleum feed in the firsi reaction zone is conducied in the presence of no mors than 10

wit% renewable malerial, e.g., no more than 5 wit%.

Embodiment 3. The process according to embodiment 1, wherein the hydrotreating of
the petroleurn feed in the first reaction zone is conducled in the presence of no mors than 2

wi% renewable material, .g., no more than 1 wi%.

Embaodiment 4. The process of any of embodiments 1-3, wherein the hydrotreating of
the petroleum feed in the first reaction zone comprises at least ane of (e.g., two or more of or

all three of) hydrodesulfurization, hydrodemetallization or hydrodenitrogenation.

Embodiment 5. The process of any of embodimenis 1-4, wherein the hydrotreating of
the petroleum feed in the first reaction zone comprises hydrodesulfurization, for example, so
as to remove at least 50% of sulfur from the pelroleum feed, e.g., at least 75%, al least 80%,

or even at least 85%.
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Embodiment 8. The process of any of embodiments 1-5, wherein the hydrotreating of
the petroleum feed in the first reaction zone comprises hydrodenitrogenation, for example,
50 as to remove at least 50% of nitrogen from the petroleum feed, e.g., atleast 75%, or even
at least 90%.

Embodiment 7. The process of any of embodiments 1-8, wherein the hydrotreating of
the petroleum feed in the first reaction zone comprises hydrodemetallization, for example, so
as to remove at least 50 wi% of metals from the petroleum feed, e.g., al least 75 wi%, at

least 9%, or even at least 85%.

Embodiment 8. The process of any of embodiments 1-7 wherein the hydrotreating of
the petroleum feed in the first reaction zone comprises at least one of hydrogenation of

aromatics and hydrocracking.

Embodiment 8. The process of any of embodiments 1-8, wherein the hydrolreating of
the petroleurn feed in the first reaction zone comprises hydrogenation of aromatics, for
example, 50 as to reduce the aromaticity of the pelroleum feed by at least 15%, e.g., at least
30%.

Embaodiment 10. The process of any of embodiments 1-8, wherein the hydrotreating of
the petroleum feed in the first reaction zone comprises hydrocracking, for example, so as to
cause at least 10 wi% of the material {(e.g., al ilzast 25 wt%, at least 50 wi%, or at least 75
wi%]) to go from having a boilling point at atmospheric pressure greater than 360 °C o

having a boiling point at atmospheric pressure no more than 360 °C.

Embodiment 11. The process of any of embodimenis 1-11, wherein the hydrotreating of
the petroleum feed in the first reaction zone includes one or more of hydrodesulfurization,
hydrodemetallization and/or hydrodenitrogenation (e.g., two or more or all three as described

above}, followed by one or more of hydrogenation_and hydrocracking.

Embodiment 12. The process of any of embodiments 1-11, wherein the hydrotreating of
the petroleum feed in the first reaction zone includes isomerization, e.¢., s¢ as increase the
weight ratic of iso-parafiins (Cio-Czo) to normal paraffing Cqo-Cyop) by at least 10%, for

example, at least 20%.

Embodiment 13. The process of any of embodiments 1-12, wherein the hydroireating of

the petroleum feed in the first reaction zone includes, in addition to isomerization, one or
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more of hydrodesulfurization, hydrodemetaliization and/or hydrodeniirogenation {e.g., lwo or
more or all three as described above) and/or one or mors of hiydrogenation of aromatics and

hydrocracking.

Embodiment 14, The process of any of emboediments 1-13, wherein the hydrotreating of
the combination in the second reaction zone comprises one or more of hydrodeoxygenation,

decarboxylation and decarbonyiation.

Embodiment 15. The process of any of embodiments 1-13, wherein the hydrotreating of
the combination in the second reaclion zong comprises two or more of (e.g., each of)

hydrodeoxygenation, decarboxylation and decarbonylation.

Embodiment 16. The process of embodiment 13 or embodiment 14, wherein the one or
more of hydrodeoxygenation, decarboxylation and decarbonylation removes at lgast 50% of
the oxygen from the combination of the first reaction zone effluent and the renewable feed,
e.q., at least 75%, al least 90%, al least 85%, or even at least 99%.

Embaodiment 17. The process of any of embodiments 1-18, wherein the hydrotreating of
the combination in the second reaction zone includes isomerization, .g., $0 as increase the
weight ratio of iso-paraffins (C-Cao) 10 normal paraffins (Co-Cuo). by at least 10%, for

example, at least 20%

Embodiment 18. The process of any of embodiments 1-17, wherein the hydrotreating of
the combination in the second reaction zone includes hydrogenation of olefins of the
renewable feed, for example, so as {0 reduce the glefinic character of the combination by at

least 50%, s.g., at least 75%.

Embodiment 19, The process of any of embodiments 1-18, wherein the second
reaction zone effluent is subjected {o further process operations comprising cracking (e.q.,

catalytic or thermal cracking).

Embodiment 20, The process of any of embodiments 1-19, wherein at least 50 wi%,

e.g., at least 75 wt%, of the renewable Teed is derived from modern biomass.

Embodiment 21. The process of any of embodiments 1-18, wherein at lzast 80 wi%,
e.g., at least 85 wt% or at least 98 wit% or at least 98 wi% of the renewable feed is derived

from maodern biomass.
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Embodiment 22. The process of any of embodimenis 1-21, wherein the renewable feed
comprises fatty acyl compounds such as one or more of fatly acids and fatty acid esters
such as fatty acid methyl esters and fatty acid glyceride esters.

Embodiment 23. The process of any of embodiments 1-21, wherein the renewabie feed

comprises lignin, .q., as lignoceilulosic biomass.

Embodiment 24. The process of any of embodiments 1-23, wherein the renewabie feed
and first reaction zone effluent are combined in a ratio in the range of 100:1 to 1:100, by
weight.

Embodiment 25. The process of any of embodiments 1-24, wherein the first reaciion

zone and second reaction zone form an integrated process.

Embodiment 26. The process of any of embodiments 1-25, wherein the second
reaction zone effluent is used to produce one or more of fuels, naphtha, gases, and lubricant

base oils.

Embaodiment 27. The process of any of embodiments 1-26, further comprising the step

of diluting a raw renewable feedstock with a diluent to form the renewable feed.

Embodiment 28. The process of embodiment 27, wherein the diluent is petroleum oil,

recycled product oil, or a mixture thereof,

Embodiment 29. The process of any of embodimenis 1-28,
wherein the hydroireating of the petroleurm feed comprises one or more of
hvdrodesulfurization, hydrodenifrogenation, hydrodemetallization, hydrogenation
of aromatics, and hydrocracking,; and
wherein the hydrotrealing of the combination comprises one or more of
hydrodeoxygenation, decarboxylation, decarbonylation, and hydrogenation of
olefins of the renewable feed.

[o054] I closing, it is to be understood that the various embodiments herein are
ilustrative of the methods of the disclosures. Other modifications that may be empioyed are

within the scope of the disclosure. Thus, by way of example, but not of limitation, alternative
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configurations of the methods may be ulllized in accordance with the teachings herein.
Accordingly, the methods of the pgresent disclosure are not limited to that precisely as shown

and described.
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We Claim
1. A process for co-processing a renewable feed and 3 petrolsum feed, the process
comprising:
hydrotreating the petroleum feed in a first reaction zone, wherein the hydrotreating of
the petroleum feed comprises one or more of hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization, isomerization, hydrogenation of
aromatics, and hydrocracking, to form a first reaction zone effiuent;
conducting the first reaction zone effluent 1o a second reaction zone; and
inn the second reaction zone hydrotreating a combination of the first reaction zone
effluent and the renewable feed, whergin the hydrotreating of the combination
comprises one or more of hvdrodeoxygenation, decarboxylation, decarbonyiation,
isomerization and hydrogenation of olefins of the renewable feed, to form a

second reaclion zone effluent.

2. The process according to claim 1, wherein the hydrotreating of the petroleum feed in
the first reaction zone is conducted in the presence of no more than 2 wi% renewable

maierial.

3. The process of claim 1, wherein the hydrotreating of the petroleumn feed in the first
reaction zone comprises hydrodesulfurization, so as to remove at least 50% of sulfur from
the petroleum feed.

4, The process of claim 1, wherein the hydrotreating of the peiroleum feed in the first
reaction zone comprises hydrodenitrogenation, so as to remove at least 50% of nitrogen

from the petroleum feed.

5. The process of claim 1, wherein the hydrotreating of the pelroleum feed in the first
reaction zone comprises hydrodemetallization, 50 a5 to remove at least 50 wi% of metals
from the petroleum feed.

8. The process of claim 1, wherein the hydrotreating of the petroleum feed in the first
reaction zone comprises hydrogenation of aromaltics, so gs to reduce the aromaticity of the
petroleum feed by at ieast 15%.

7. The process of claim 1, wherein the hydrotreating of the petroleum feed in the first

reaction zone comprises hydrocracking, so as to cause at least 25 wi% of the material o go
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from having a bolling point at atmospheric pressure grealer than 380 °C to having a boiling

point at atmospheric pressure no more than 380 °C.

8. The process of claim 1, wherein the hydrotreating of the petroleum feed in the first
reaction zone includes one or more of hydrodesulfurization, hydrodemetallization and/or

hydrodenitrogenation, followed by one or more of hydrogenation and hydrocracking.

8. The process of claim 1, wherein the hydrotreating of the petroleum feed in the first
reaction zong includes isomerization, so as increase the weight ratio of iso-paraffins (Cio-

Ca0) to normal paraffins (Co-Cao) by at least 20%.

10. The process of claim 1, wherein the hydrotreating of the petroleum feed in the first
reaction zong includes, in addition {0 isomerization, one or more of hydrodesuliurization,
hydrodemetatlization and/or hydrodenitrogenation and/or one or more of hydrogenation of

aromatics and hydrocracking.

11, The process of claim 1, wherein the hydrotreating of the combination in the second
reaction zone comprises one or maore of hydrodeoxygenation, decarboxylation and

decarbonylation.

12. The process of claim 1, wherein the hydrotreating of the combination in the second
reaction zone comprises two or more of hydrodeoxygenation, decarboxylation and

decarbonylation.

13. The process of claim 11, wherein the one or more of hydrodeoxygenation,
decarboxylation and decarbonylation removes at least 50% of the oxygen from the

combination of the first reaction zone sffluent and the renewabis feed.

14, The process of claim 1 wherein the hydrotreating of the combination in the second
reaction zone includes isomerization, 5o as increase the weight ratio of iso-paraffing (Cqe-

Czo) to normal paraffing (C1o-Coo) by at least 20%

15. The process of claim 1, wherein the hydrotreating of the combination in the second
reaction zone includes hydrogenation of olefins of the renewable feed, 50 as to reduce the

clefinic character of the combination by at least 50%.

)
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18. The process of claim 1, wherein the sscond reaclion zone effluent is subjected o

further process operalions comprising cracking.

17. The process of claim 1, wherein af least 50 wi% of the renewable feed is derived

from modern biomass.

18. The process of claim 1, wherein the renewable feed comprises fatty acyl compounds
such as one or more of fatty acids and fatty acid esters such as fatty acid methyt esters and

fatty acid givceride esters.

18. The process of claim 1, wherein the renewable feed comprises lignin.

20. The process of claim 1, wherein the renewable feed and first reaction zone effluent

are combined in a ratio in the range of 100:1 {0 1:100, by weight.

21. The process of claim 1, wherein the first reaction zone and second reaction zone

form an inlegraled process.

22. The process of claim 1, wherein the second reaction zone effluent is used 1o produce

one or more of fuels, naphtha, gases, and lubricant base oils.

23. The process of claim 1,
wherein the hydrotreating of the petroleum feed comprises one or more of
hydrodesutfurization, hydrodenitrogenation, hydrodemetallization, hydrogenation
of aromatics, and hydrocracking, and
wherein the hydroirgating of the combination comprises one or more of
hydrodeoxygenation, decarboxylation, decarbonylation, and hydrogenation of

olefins of the renewable feed,
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