wo 2013715297 A2 || P00 00 OO O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

=

(29) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
4 July 2013 (04.07.20 13)

(10) International Publication Number

WO 2013/102070 A2

WIPO | PCT

(51)

21

(22)

(29
(26)
(30)

(71)

(71)

(72)

(74)

International Patent Classification:

CIOG 1/08 (2006.01) BO1J 8/24 (2006.01)
CI0G 3/00 (2006.01) B01J 8/00 (2006.01)
B01J8/18 (2006.01)

International Application Number:
PCT/US2012/072058

International Filing Date:

28 December 2012 (28.12.2012)
Filing Language: English
Publication Language: English
Priority Data:
11196252.8 30 December 201 1(30.12.201 1) EP

Applicant (for US only): SHELL OIL COMPANY
[US/US]; One Shell Plaza, P.O. Box 2463, Houston, Texas
77252-2463 (US).

Applicant (for all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPIJ
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 The
Hague (NL).

Inventors: HARRIS, John William; Grasweg 31, NL-
1031 HW Amsterdam (NL). CHEN, Ye-Mon; 2215 Bent
River Drive, Sugar Land, Texas 77479 (US).

Agent: IWATA, Yukiko; Shell Oil Company, One Shell
Plaza, P.O. Box 2463, Houston, Texas 77252-2463 (US).

(81) Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt d that report (Rule 48.2(g))

(54) Title: PROCESS FOR CONVERTING A SOLID BIOMASS MATERIAL

Fig.1

114 102 104 120
112 i / /
oo 4 s
~'.'-‘.O‘:"
c o \ ;(/
110 108 106 122

(57) Abstract: A process for converting a solid biomass material in ariser reactor, which process comprises: a) mixing the solid bio -
mass material with afluid to form a fluidized biomass stream; and b) propagating the fluidized biomass stream into the riser reactor
via one or more delivery aperture(s); wherein the solid biomass material has a particle size distribution with amean particle size dia-
meter, and wherein the delivery aperture has a diameter equal to or more than three times the mean particle size diameter of the

parti

cle size distribution of the solid biomass material.



10

15

20

25

30

WO 2013/102070 PCT/US2012/072058

PROCESS FOR CONVERTING A SOLID BIOMASS MATERIAL

FIELD OF THE INVENTION

The invention relates to aprocess for converting a solid biomass material.
BACKGROUND TO THE INVENTION

With the diminishing supply of crude mineral oil and fossil fuels in general,
use of renewable energy sources isbecoming increasingly important for the
production of liquid fuels. These fuels from renewable energy sources are often
referred to asbiofuels.

Biofuels derived from non-edible renewable energy sources, such as
cellulosic materias, are preferred asthese do not compete with food production.
These biofuels are also referred to as second generation biofuels or advanced
biofuels. Most of these non-edible renewable energy sources, however, are solid
biomass materials that are somewhat cumbersome to convert into liquid fuels.

One process that can be used for converting solid biomass into liquid fuels or
other useful chemicals isfluid catalytic cracking (FCC). Recently W02010/135734
described amethod for co-processing abiomass feedstock and arefinery feedstock in
arefinery unit comprising catalytically cracking the biomass feedstock and the
refinery feedstock in arefinery unit comprising afluidized reactor, wherein hydrogen
istransferred from the refinery feedstock to carbon and oxygen of the biomass
feedstock. In one of the embodiments in W02010/135734, the biomass feedstock
comprises aplurality of solid biomass particles having an mean size between 50 and
1000 microns.

In aconventional Fluid Catalytic Cracking Unit (FCCU), such asfor example
the one shown in US-A-5562818 to Hedrick, finely divided regenerated catalyst is
drawn from the regenerator through aregenerator standpipe and contacted with a
feedstock in alower portion of ariser reactor. Feedstock and steam enter the riser
reactor through feed nozzles. The mixture of feedstock, steam and regenerated
catalyst, passes up through the riser reactor, converting the feedstock into a product
while acoke layer deposits on the surface of the catalyst. The product and catalyst
obtained from the top of the riser reactor are then passed through cyclones to separate
spent catalyst from the product. The spent catalyst enters the stripper where steamis
introduced to remove further products from the catalyst. The spent catalyst
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containing coke then passes through a stripper standpipe to enter the regenerator
where, in the presence of air, combustion of the coke layer produces regenerated
catalyst and flue gas. The flue gas i s separated from entrained catalyst in the upper
region of the regenerator by cyclones and the regenerated catalyst isreturned to the
regenerator fluidized bed. The regenerated catalyst isthen drawn from the
regenerator fluidized bed through the regenerator standpipe and, in repetition of the
previously mentioned cycle, contacts the feedstock in the lower portion of the riser
reactor.

One critical element of an FCCU riser reactor design isthe feed injection
system. For peak performance, it isessentia that the feed injection system distributes
the feedstock to achieve uniform and dispersed coverage, thereby increasing the
surface area of the feedstock in contact with the regenerated catalyst.

For conventional fluid fossil feedstocks anumber of prior art feed injection
systems have been proposed to ensure effective distribution of the feeds. For
example aFCCU can have side entry nozzles or bottom entry nozzles to introduce
such aconventional feed into the riser reactor. Bottom entry nozzles introduce the
hydrocarbon feed from the bottom of the riser reactor whereas side entry nozzles
introduce the feed from the periphery of the riser reactor and at ahigher elevation.
Modern side entry nozzles, such asdisclosed in US-A-5794857 are, in general, good
feed atomizers. On the other hand, US 4097243, US-A-4808383, US-A-5017343,
US-A-5108583, and EP-A-151882 disclose various means to effect and improve feed
atomization for bottom entry nozzles.

When trying to convert a solid biomass material in an FCCU, however, such
prior art feed injection systems, which were originally designed for fluid fossil
feedstocks, may be more prone to wear and contamination and may therefore require
more frequent maintenance and/or component replacement. In addition, the use of
such prior art feed injection systems for feeding solid biomass material may lead to a
suboptimal distribution of the feedstock in the riser reactor.

It would be an advancement in the art to provide aprocess for converting a
solid biomass materia in an FCCU that would be more robust and allows for abetter
feedstock distribution in the riser reactor. It would further be an advancement in the

art to provide a method for retrofitting existing FCCU's to alow them to become
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more robust and to get abetter feedstock distribution when converting a solid
biomass material.
SUMMARY OF THE INVENTION

Such a process has now been found.

Accordingly in afirst aspect of the invention, the present invention provides a
process for converting a solid biomass material in ariser reactor, which process
comprises:

a) mixing the solid biomass material with afluid to form afluidized biomass
stream; and

b) propagating the fluidized biomass stream into the riser reactor via one or
more delivery aperture(s);

wherein the solid biomass material has aparticle size distribution with amean
particle size diameter, and wherein the delivery aperture has adiameter equal to or
more than three times the mean particle size diameter of the particle size distribution
of the solid biomass material.

It has been found that such adiameter of the delivery aperture for feeding
solid biomass material into the riser reactor ensures a better feed consistency. In
addition the use of such adelivery aperture minimizes the potential for clogging of
the delivery aperture.

The present invention further, in a second aspect of the invention, also
provides aprocess for converting a solid biomass material, the process comprising:

feeding the solid biomass material into ariser reactor via one or more
delivery aperture(s);
wherein the solid biomass material has aparticle size distribution with amean
particle size diameter, and wherein the delivery aperture has adiameter equal to or
more than three times the mean particle size diameter of the particle size distribution
of the solid biomass material; and

contacting the solid biomass material, and optionally ahydrocarbon-cofeed,
with acatalytic cracking catalyst at atemperature of equal to or more than 400°C in
the riser reactor to produce one or more products.

In addition, in athird aspect of the invention, the present invention provides a

method for retrofitting an existing fluidized catalytic cracking unit comprising ariser
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reactor to make the fhiidized catalytic cracking unit suitable for converting a solid
biomass material, the method comprising:

replacing one or more existing feedstock distributors comprising delivery apertures
having afirst diameter with one or more new feedstock distributors comprising
delivery apertures having a second diameter,

wherein the second diameter islarger than the first diameter and wherein the second
diameter isequal to or more than three times the mean particle size diameter of the
particle size distribution of the solid biomass material.

It will be appreciated by the person skilled in the art that the preferences
described herein below in the first aspect of the invention, may also apply in the
second aspect and/or in the third aspect of the invention. For example the preferences
given below in the first aspect for the particle size diameter may also apply in the
second and/or third aspect; and the preferences as described for the diameter of the
delivery aperture in the first aspect may also apply to the diameter of the delivery
aperture in the second aspect and/or to the second diameter in the third aspect of the
invention.

It will further be appreciated by the person skilled in the art that the principle
of the invention, whilst particularly applicable to the delivery aperture, isaso
relevant to delivery channels or the like for transporting the fhiidized biomass
stream. The process according to the invention may hence preferably also comprise
passing the fhiidized biomass stream to the delivery aperture via adelivery channel,
the delivery channel having aminimum diameter equal to or more than three times
the mean particle size diameter of particle size distribution of the solid biomass
material. Preferred minimum diameters of the delivery channel may be as
described in respect of the diameter of the delivery aperture.

DRAWINGS

The aspects of the invention will beillustrated by the following non-limiting
illustrations:

Figure 1: shows afirst embodiment of the first aspect of the invention.
DETAILED DESCRIPTION OF THE INVENTION

By abiomass material isherein understood acomposition of matter of
biological origin as opposed to acomposition of matter obtained or derived from
petroleum, natural gas or coal. Without wishing to be bound by any kind of theory it
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isbelieved that such biomass material will contain carbon- 14 isotope in an
abundance of at least about 0.0000000001 %, based on total moles of carbon.

By a solid biomass material isherein understood abiomass materia that is at
least partly in a solid state at atemperature of about 20°C and apressure of about 0.1
MPa (MegaPascal). The solid biomass material may suitably be present as solid
biomass material particles. These "solid biomass material particles’ are herein also
referred to as "solid biomass particles'.

Any solid biomass material known to the person skilled in the art may be used
in the process of the invention. In apreferred embodiment the solid biomass material
isnot amaterial used for human food production. Examples of preferred solid
biomass materials include aguatic plants and algae, agricultural waste and/or forestry
waste and/or paper waste and/or plant material obtained from domestic waste.

Preferably the solid biomass material isa solid cellulosic material. By a
cellulosic material isherein understood amaterial comprising cellulose,
hemicellulose, lignocellulose and/or lignin. Examples of suitable cellulosic materials
include agricultural wastes such as corn stover, soybean stover, corn cobs, rice straw,
rice hulls, oat hulls, corn fibre, cereal straws such aswheat, barley, rye and oat straw;
grasses; forestry products and/or forestry residues such as wood and wood-related
materials such as sawdust; waste paper; sugar processing residues such as bagasse
and beet pulp; or mixtures thereof.

More preferably the solid biomass material is selected from the group
consisting of wood, sawdust, straw, grass, bagasse, corn stover and/or mixtures
thereof.

The solid biomass material may have undergone drying, torrefaction, particle
size reduction, densification and/or pelletization before being mixed with the fluid, to
allow for improved process operability and economics.

When the solid biomass is dried, the solid biomass material ispreferably
dried until the solid biomass material has a moisture content in the range of equal to
or more than 0.1wt% to equal to or less than 25 wt% , more preferably in the range of
equal to or more than 5 wt% to equal to or less than 20 wt%, and most preferably in
the range of equal to or more than 10 wt% to equal to or less than 15wt%. For
practical purposes moisture content can be determined viaASTM E1756-01 Standard
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Test method for Determination of Total solids in Biomass. In this method the loss of
weight during drying is ameasure for the original moisture content.

In apreferred embodiment the solid biomass material istorrefied to form a
torrefied solid biomass material. Preferably such torrefied solid biomass material is
used to be mixed with the fluid in step a). In afurther preferred embodiment the
process according to the invention comprises a step of torrefying the solid biomass
material at atemperature of equal to or more than 200°C to produce atorrefied solid
biomass material whereafter the torrefied solid biomass material ismixed with the
fluid in step a).

By torrefying or torrefaction isherein understood the treatment of the solid
biomass material at atemperature in the range from equal to or more than 200°C to
equal to or less than 350°C in the essential absence of a catalyst and in an oxygen-
poor, preferably an oxygen-free, atmosphere. By an oxygen-poor atmosphere is
understood an atmosphere containing equal to or less than 15 vol.% oxygen,
preferably equal to or less than 10 vol.% oxygen and more preferably equal to or less
than 5 vol.% oxygen. By an oxygen-free atmosphere isunderstood that the
torrefaction iscarried out in the essential absence of oxygen.

Torrefying of the solid biomass material ispreferably carried out at a
temperature of more than 200°C, more preferably at atemperature equal to or more
than 210°C, still more preferably at atemperature equal to or more than 220°C, yet
more preferably at atemperature equal to or more than 230°C. In addition torrefying
of the solid biomass materia ispreferably carried out at atemperature less than
350°C, more preferably at atemperature equal to or less than 330°C, still more
preferably at atemperature equal to or less than 310°C, yet more preferably at a
temperature equal to or less than 300°C.

Torrefaction of the solid biomass material ispreferably carried out in the
essential absence of oxygen. More preferably the torrefaction is carried under an inert
atmosphere, containing for example inert gases such as nitrogen, carbon dioxide
and/or steam; and/or under areducing atmosphere in the presence of areducing gas
such as hydrogen, gaseous hydrocarbons such as methane and ethane or carbon

monoxide.
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The torrefying step may be carried out at awide range of pressures.
Preferably, however, the torrefying step iscarried out at atmospheric pressure (about
0.1 MPa).

During torrefaction of the solid biomass material torrefaction gases can be
produced. These torrefaction gases can contain carbon monoxide and carbon dioxide
but also volatile fuels such asfor example methane, ethane, ethene and/or methanal.
In aconvenient embodiment one or more of these torrefaction gases are retrieved and
used as afluid.

Preferably the solid biomass material isamicronized solid biomass material.
By amicronized solid biomass material isherein understood a solid biomass material
that has a particle size distribution with amean particle size diameter in the range
from equal to or more than 5 micrometer to equal to or less than 5000 micrometer, as
measured with alaser scattering particle size distribution analyzer. In apreferred
embodiment the process according to the invention comprises a step of reducing the
particle size of the solid biomass material, optionally before or after such solid
biomass material istorrefied. Such aparticle size reduction step may for example be
especially advantageous when the solid biomass material comprises wood or
torrefied wood. The particle size of the, optionally torrefied, solid biomass material
can be reduced in any manner known to the skilled person to be suitable for this
purpose. Suitable methods for particle size reduction include crushing, grinding
and/or milling. The particle size reduction may for example be achieved by means of
aball mill, hammer mill, (knife) shredder, chipper, knife grid, or cutter.

Preferably the solid biomass material has aparticle size distribution where the
mean particle size diameter lies in the range from equal to or more than 5 micrometer
(micron), more preferably equal to or more than 10 micrometer, even more
preferably equal to or more than 20 micrometer, and most preferably equal to or
more than 100 micrometer to equal to or less than 5000 micrometer, more preferably
equal to or less than 1000 micrometer and most preferably equal to or less than 500
micrometer.

The "particle size diameter" may herein also bereferred to as "particle
diameter" and the "mean particle size diameter" may herein aso bereferred to as

"mean particle diameter”.
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Most preferably the solid biomass material has aparticle size distribution
where the mean particle size diameter isequal to or more than 100 micrometer to
avoid blocking of pipelines and/or nozzles. Most preferably the solid biomass
material has aparticle size distribution where the mean particle size diameter isequal
to or less than 3000 micrometer to allow easy injection into the riser reactor.

For practical purposes the particle size distribution and mean particle size
diameter of the solid biomass material can be determined with a L aser Scattering
Particle Size Distribution Analyzer, preferably aHoriba LA950, according to the 1ISO
13320 method titled "Particle size analysis - Laser diffraction methods'.

Hence, preferably the process of the invention comprises a step of reducing
the particle size of the solid biomass material, optionally before and/or after
torrefaction, to generate aparticle size distribution having a mean particle size
diameter in the range from equal to or more than 5, more preferably equal to or more
than 10 micron, and most preferably equal to or more than 20 micron, to equal to or
less than 5000 micron, more preferably equal to or less than 1000 micrometer and
most preferably equal to or less than 500 micrometer to produce a micronized,
optionally torrefied, solid biomass material.

The solid biomass material may comprise particles that are not round. In
practice the solid biomass material may even comprise essentially irregular-shaped
particles. In apreferred embodiment therefore the mean particle size diameter isa
mean maximum particle size diameter. That is, preferably the solid biomass material
may have aparticle size distribution with amean maximum particle size diameter
and the delivery aperture has adiameter equal to or more than three times this mean
maximum particle size diameter. By amaximum particle size diameter isherein
preferably understood the largest diameter that can be measured within acertain
particle. Without wishing to be bound by any kind of theory, it isbelieved that when
a solid biomass material particle, especially an irregular shaped solid biomass
material particle, is spinning around fast around its center, the particle may occupy
an imaginary spherical space. The non-round or irregular shaped solid biomass
particle may therefore act in the process as a spherical particle having adiameter of
the same size as the above maximum particle size diameter.

The maximum particle size diameter isthat diameter The "maximum particle

size diameter" may herein aso bereferred to as " maximum particle diameter” and
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the "mean maximum particle size diameter" may herein also be referred to as "mean
maximum particle diameter”. For example, if the solid biomass material comprises
aplurality of essentially cylindrical shaped particles, which cylindrical shaped
particles each have alongitudinal diameter and a cross-sectional diameter, which
longitudinal diameter islarger than the cross-sectional diameter; the maximum
particle size diameter may be the longitudinal diameter. By alongitudina diameter is
herein preferably understood the maximum diameter of aessentially cylindrically
shaped particle in adirection parallel or equal to its longitudinal axis. By across-
sectional diameter isherein preferably understood the maximum diameter of across-
section of the cylindrically shaped particle in adirection perpendicular to its
longitudinal axis.

More preferably the solid biomass material may have aparticle size
distribution with acertain 70-vol%, 90- vol% or 99-vol% maximum particle size
diameter and the delivery aperture has adiameter equal to or more than three times
this 70-vol%, 90-vol% or 99-vol% maximum particle size diameter. The 70-vol %,
90-vol% or 99-vol% maximum particle size diameter may suitably be determined by
measuring the volumetric particle size distribution of the maximum particle size
diameter (that is, for each particle size distribution the volume of particles having
such maximum particle size diameter or a smaller maximum particle size diameter
may be determined).

By arespectively 70-vol%, 90-vol% or 99-vol% maximum particle size
diameter isherein understood a diameter where respectively 70 volume %, 90
volume % or 99 volume % of the solid biomass material particles has amaximum
particle size diameter equal to or smaller than that.

In afurther preferred embodiment the delivery aperture may have adiameter
equal to or more than four times, or even equal to or more than five times, the
respective mean particle size diameter, mean maximum particle size diameter, or 70-
vol%, 90-vol% or 99-vol% maximum particle size diameter as describe herein above.

The term 'delivery aperture’ asused herein refers to an opening through
which the solid biomass material isdelivered into the riser reactor. The opening may
have any shape known to the skilled person in the art to be suitable for delivering a
feedstock into ariser reactor. For example the opening may have an essentially

sguare, an essentially rectangular, an essentially circular or essentially elliptical
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shape. Preferably the opening has an essentially circular shape or an essentially
rectangular shape. If the opening has an essentially rectangular shape it is sometimes
also referred to as a dit. The diameter of the delivery aperture isthe shortest diameter
measurable in cross section.

In accordance with the invention, the diameter of the delivery apertureis
selected based on the mean particle diameter of the solid biomass material. For
example, the delivery aperture may have adiameter of equal to or more than 0.015
millimeter (mm), or equal to or more than 0.15 mm, or equal to or more than 0.45
mm, or equal to or more than 0.90 mm or equa to or more than 1.8 mm or equal to
or more than 2.4 mm or equal to or more than 3 mm, or equal to or more than 5 mm,
or equal to or more than 10 mm or equal to or more than 15 mm. For practical
purposes, in some embodiments the delivery aperture may for example have a
diameter of equal to or less 100 mm, or equal to or less than 50 mm, or equal to or
less than 30 mm or equal to or less than 15 mm, or equal to or less than 10 mm, or
equal to or less than 6 mm, or equal to or less than 3 mm.

The delivery aperture may be situated in afeed nozzle and/or supported on or
defined by a distributor. In the process of the invention, one or more
distribution apertures may be used. These one or more distribution apertures may
conveniently be situated in one or more feed nozzles and/or supported on or defined
by one or more distributors.

Preferably, the process according to the invention comprises propagating the
fluidized biomass stream into the riser reactor via aplurality of delivery apertures
each delivery apertures having aminimum diameter equal to more than three times
the mean particle size diameter of the particle size distribution of the solid biomass
material. In an advantageous embodiment the plurality of delivery aperturesis
arranged in one or more arrays, for example annular arrays, which arrays may
optionally be concentric.

In one embodiment one or more delivery apertures are situated in or
supported on or defined by aring-shaped distributor, comprising aring-shaped pipe
with one or more delivery apertures located in the pipe. Such adistributor isherein
aso referred to as annular distributor.

When adistributor comprises more than one delivery aperture, the distributor

preferably comprises in the range from equal to or more than 2 delivery apertures,

10
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more preferably equal to or more than 6 delivery apertures to equal to or less than
100000 delivery apertures.

The delivery apertures may conveniently be located in afeed nozzle.

Preferably such afeed nozzle is a so-called two channel feed nozzle. Such a
feed nozzle preferably comprises an inner tube defining afluid conduit and an outer
tube arranged around the inner tube, wherein the outer surface of the inner tube and
the inner surface of the outer tube define an annular conduit for the solid biomass
material, and wherein each of the tubes have an inlet end and an outlet end. Such a
feed nozzle may take avariety of forms, including the forms as disclosed or
referenced in WO 0118153, US-A-5794857, US 4097243, US-A-4808383, US-A-
5017343, US-A-5108583, and EP-A-151882.

Preferably the feed nozzle may be an internal mix feed nozzle (where the
fluid and solid biomass material are mixed within the nozzle) or an external mix feed
nozzle (where the fluid and solid biomass material are mixed outside the nozzle).
Preferably however, the feed nozzle is an internal mix feed nozzle.

The location of the delivery aperture may depend on the specific form of the
distributor and/or feed nozzle used.

The fluid used in step a) can be agas or aliquid. Preferably the fluid isagas.

In one embodiment the fluid is selected from the group consisting of steam,
vaporized liquefied petroleum gas, gasoline, diesel, kerosene, naphtha, methane,
hydrogen sulphide, hydrogen, and mixtures thereof.

In another embodiment the fluid may comprise aliquid or gaseous
hydrocarbon co-feed as described herein below.

The fluid mixed with the solid biomass material may be alift gas. Examples
of such aliftgas include steam, vaporized oil and/or oil fractions, and mixtures
thereof. Steam ismost preferred as alift gas from apractical perspective. However,
the use of avaporized oil and/or ail fraction (preferably vaporized liquefied
petroleum gas, gasoline, diesel, kerosene or naphtha) as aliftgas may have the
advantage that the liftgas can simultaneoudly act as a hydrogen donor and may
prevent or reduce coke formation. In an especially preferred embodiment both steam
aswell asvaporized oil and/or avaporized ail fraction (preferably liquefied

petroleum gas, vaporized gasoline, diesel, kerosene or naphtha) are used as aliftgas,
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optionally the steam and vaporized oil and/or vaporized oil fraction are mixed
together in aliftgas mixture.

The solid biomass material ismixed with the lift gas or liftgas mixture before
entry in the riser reactor. If the solid biomass material isnot mixed with aliftgas
prior to entry into the riser reactor it may be fed simultaneously with the liftgas (at
one and the same location) to the riser reactor, and optionally mixed upon entry of
the riser reactor in afeed nozzle; or it may be fed separately from any liftgas (at
different locations) to the riser reactor.

The solid biomass material to fluid weight ratio is preferably in the range
from equal to or more than 0.01:1, more preferably equal to or more than 0.05:1 to
equal to or less than 5:1, more preferably equal to or less than 1.5:1.

When both the solid biomass material and the liftgas are introduced into the
bottom of the riser reactor, the liftgas-to-solid biomass material weight ratio is
preferably in the range from equal to or more than 0.01:1, more preferably equal to
or more than 0.05:1 to equal to or less than 5:1, more preferably equal to or less than
1.5:1.

Preferably, the fluidised biomass stream may be propagated into the reactor
under apressure in the range of from equal to or more than 0.05 to equal to or less
than 0.5 MegaPascal (MPa), more preferable from equal to or more than 0.1 to equal
to or less than 0.4 MPa, most preferably from equal to or more than 0.2 to equal to or
less than 0.3 MPa.

Preferably, the fluidised biomass stream may be propagated into the reactor
with avelocity in the range from equal to or more than 10 meter/second, more
preferably from equal to or more than 20 meter/second, most preferably from equal
to or more than 30 meter/second to equal to or less than 200 meter/second, more
preferably to equal to or less than 150 meter/second and most preferably to equal to
or less than 100 meter/second.

The diameter of the delivery aperture has a significant impact on biomass
delivery velocities. To ensure suitable delivery velocities without the need for
excessive pressure, the or each delivery aperture may advantageously have a
maximum diameter equal to at most ten times the mean particle diameter of the

particle size distribution of the solid biomass material.
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By ariser reactor isherein understood an elongated tube-like reactor, for
example suitable for carrying out catalytic cracking reactions. The elongated tube-
like reactor ispreferably oriented in an essentially vertical manner. Preferably the
riser reactor ispart of acataytic cracking unit (i.e. asacataytic cracking reactor),
more preferably afluidized catalytic cracking (FCC) unit.

Examples of suitable riser reactors are described in the Handbook titled "Fluid
Catalytic Cracking technology and operations’, by Joseph W . Wilson, published by
PennWell Publishing Company (1997), chapter 3, especialy pages 101 to 112, herein
incorporated by reference.

The riser reactor may be a so-called internal riser reactor or a so-caled
external riser reactor asdescribed therein.

Preferably the solid biomass material isintroduced at the bottom part of the
riser reactor. It may further be advantageous to increase the residence time of the
solid biomass material at that part of the riser reactor by increasing the diameter of
the riser reactor at the bottom. Hence in apreferred embodiment the riser reactor
comprises ariser reactor pipe and abottom section, which bottom section has a
larger diameter than the riser reactor pipe, and wherein a solid biomass material is
supplied to the riser reactor in the bottom section.

Preferably the total average residence time of the solid biomass material in
the riser reactor lies in the range from equal to or more than 1.0 seconds, more
preferably from equal to or more than 1.5 seconds, still more preferably from equal
to or more than 2.0 seconds to equal to or less than 5.0 seconds, preferably to equal
to or less than 4.0 seconds, most preferably to equal to or less than 2.5 seconds.
Residence time asreferred to in this patent application isbased on the vapour
residence at outlet conditions, that is, residence time includes not only the residence
time of a specified feed (such asfor example a solid biomass material) but also the
residence time of its conversion products.

In asecond aspect of the invention the invention provides a process for
converting a solid biomass material, the process comprising:

feeding the solid biomass material into ariser reactor via one or more
delivery aperture(s);
wherein the solid biomass material has aparticle size distribution with a mean

particle size diameter, and wherein the delivery aperture has adiameter equal to or
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more than three times the mean particle size diameter of the particle size distribution
of the solid biomass material; and

contacting the solid biomass material, and optionally ahydrocarbon-co-feed,
with acatalytic cracking catalyst at atemperature of equal to or more than 400°C in
the riser reactor to produce one or more products.

For this second aspect of the invention the preferences for the solid biomass
material, the delivery aperture and any distributors and feed nozzles and the riser
reactor are as described above.

Preferably the temperature in the riser reactor, where the solid biomass
material iscontacted with the catalytic cracking catalyst, lies in the range from equal
to or more than 400°C, more preferably from equal to or more than 450°C , still more
preferably from equal to or more than 480°C, to equal to or less than 800°C, more
preferably to equal to or less than 700°C, still more preferably to equal to or less than
600°C and most preferably to equal to or less than 550°C.

Preferably the pressure in the riser reactor ranges from equal to or more than
0.05 MPato equal to or less than 1 MPa, more preferably from equal to or more than
0.1 MPato equal to or less than 0.6 MPa.

The weight ratio of catalytic cracking catalyst to total feedstock (that isthe
total feedstock of solid biomass material and any hydrocarbon co-feed) will herein
also bereferred to as catalyst to feed ratio (catalyst:feed ratio). This catalyst to feed
weight ratio preferably lies in the range from equal to or more than 1:1, more
preferably from equal to or more than 2:1 and most preferably from equal to or more
than 3:1 to equal to or less than 150:1, more preferably to equal to or less than 100:1,
most preferably to equal to or less than 50:1.

Optionally, also ahydrocarbon co-feed is contacted with the catalytic
cracking catalyst in the riser reactor.

The solid biomass material may for example be supplied to the riser reactor at
alocation upstream of alocation where the hydrocarbon co-feed is supplied to the
riser reactor. The hydrocarbon co-feed can be used asthe fluid to form the fluidised
biomass stream.

The hydrocarbon co-feed (herein aso referred to as hydrocarbon feed)
comprises one or more material(s) other than the solid biomass material described

above. By ahydrocarbon feed isherein understood afeed that contains one or more
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hydrocarbon compounds. By ahydrocarbon compound isherein understood a
compound that contains both hydrogen and carbon and preferably consists of
hydrogen and carbon. Preferably the hydrocarbon co-feed isafluid hydrocarbon co-
feed. By afluid hydrocarbon co-feed isherein understood ahydrocarbon co-feed that
isnot in asolid state when contacted with the FCC catalyst. The hydrocarbon co-feed
ispreferably fed via afeed nozzle into the riser reactor in an essentially liquid state,
in an essentially gaseous state or in apartially liquid-partially gaseous state. For
hydrocarbon co-feeds that are highly viscous, it may therefore be advantageous to
preheat such feeds before entering the feed nozzle. The hydrocarbon co-feed is
preferably in a gaseous state when contacted with the catalytic cracking catalyst.
When entering the riser reactor in an essentially or partially liquid state, the fluid
hydrocarbon co-feed preferably vaporizes upon entry and preferably iscontacted in a
gaseous state with the catalytic cracking catalyst and/or the solid biomass material.

The hydrocarbon co-feed can for example be any non-solid hydrocarbon co-
feed known to the skilled person to be suitable as afeed for a catalytic cracking unit.
The hydrocarbon co-feed can for example be obtained from a conventional crude oil
(also sometimes referred to as apetroleum oil or mineral oil), an unconventional
crude oil (that is, oil produced or extracted using techniques other than the traditional
oil well method) or aFischer Tropsch oil (sometimes referred to as a synthetic ail)
and/or amixture thereof.

The hydrocarbon co-feed may aso be ahydrocarbon co-feed from a
renewable source, such asfor example avegetable oil.

In one embodiment the hydrocarbon co-feed isderived from a, preferably
conventional, crude oil. Examples of conventiona crude oils include West Texas
Intermediate crude oil, Brent crude oil, Dubai-Oman crude oil, Arabian Light crude
oil, Midway Sunset crude oil or Tapis crude oil. Such oils are sometimes also
referred to as mineral oils and preferably the hydrocarbon co-feed istherefore a
minera hydrocarbon co-feed. By amineral hydrocarbon co-feed isunderstood a
hydrocarbon co-feed that comprises or is derived from amineral ail.

More preferably the hydrocarbon co-feed comprises afraction of a, preferably
conventional, crude oil or renewable ail. Preferred hydrocarbon co-feeds include
straight run (atmospheric) gas oils, flashed digtillate, vacuum gas oils (VGO), coker
gas ails, diesel, gasoline, kerosene, naphtha, liquefied petroleum gases, atmospheric
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residue ("long residue”) and vacuum residue ("short residue") and/or mixtures
thereof. Most preferably the hydrocarbon co-feed comprises along residue and/or
VGO.

The composition of the hydrocarbon co-feed may vary widely. The
hydrocarbon co-feed may for example contain paraffins, olefins and aromatics. By
paraffins both normal-, cyclo- and branched-paraffins are understood.

In apreferred embodiment the hydrocarbon co-feed comprises one or more
paraffins, for example in the range from equal to or more than 20 wt% to equal to or
less than 100 wt% paraffins, preferably in the range from equal to or more than 50
wt% of paraffins, more preferably from equal to or more than 70 wt% of paraffins,
most preferably from equal to or more than 90 wt%, to equal to or less than 100 wt%,
based on the total weight of the hydrocarbon co-feed. Such ahydrocarbon co-feed
comprising one or more paraffins isherein aso referred to as aparaffinic
hydrocarbon co-feed.

For practical purposes the paraffin content of all hydrocarbon co-feeds having
an initial boiling point of at least 260°C can be measured by means of ASTM method
D2007-03 titled "Standard test method for characteristic groups in rubber extender
and processing oils and other petroleum-derived oils by clay-gel absorption
chromatographic method", wherein the amount of saturates will be representative for
the paraffin content. For all other hydrocarbon co-feeds the paraffin content of the
hydrocarbon co-feed can be measured by means of comprehensive multi-dimensional
gas chromatography (GCxGC), as described in P.J. Schoenmakers, J.L.M.M. Oomen,
J. Blomberg, W. Genuit, G. van Velzen, J. Chromatogr. A, 892 (2000) p. 29 and
further.

Examples of paraffinic hydrocarbon co-feeds include so-called Fischer-
Tropsch derived hydrocarbon streams such as described in W02007/090884 and
herein incorporated by reference, or ahydrotreater product or hydrowax. By
hydrowax isunderstood the bottoms fraction of a hydrocracker. Examples of
hydrocracking processes which may yield abottoms fraction that can be used as
hydrocarbon co-feed, are described in EP-A-699225, EP-A-649896, WO-A -
97/18278, EP-A-705321, EP-A-994173 and US-A-4851109 and herein incorporated

by reference.
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In apreferred embodiment the hydrocarbon co-feed comprises equal to or
more than 11 wt% elemental hydrogen, more preferably more than 12 wt% elemental
hydrogen (i.e. hydrogen atoms), based on the total hydrocarbon co-feed on adry
basis (i.e. water-free basis). A high content of elemental hydrogen, such as a content
of equal to or more than 12.2 wt%, allows the hydrocarbon co-feed to act asacheap
hydrogen donor in the catalytic cracking process. A particularly preferred
hydrocarbon co-feed having an elemental hydrogen content of equal to or more than
12.5 wt% isFischer-Tropsch derived waxy raffinate. Such Fischer-Tropsch derived
waxy raffinate may for example comprise about 85 wt% of elemental carbon and 15
wt% of elemental hydrogen.

The weight ratio of the solid biomass material to hydrocarbon co-feed may
vary widely.

The weight ratio of hydrocarbon co-feed to solid biomass material is
preferably equal to or more than 50 to 50 (5:5), more preferably equal to or more
than 70 to 30 (7:3), still more preferably equal to or more than 80 to 20 (8:2), even
still more preferably equal to or more than 90 to 10 (9:1). For practical purposes the
weight ratio of hydrocarbon co-feed to solid biomass material ispreferably equal to
or less than 99.9 to 0.1 (99.9:0.1), more preferably equal to or lessthan 95to 5
(95:5). The hydrocarbon co-feed and the solid biomass material are preferably being
fed to the catalytic cracking reactor in aweight ratio within the above ranges.

The catalytic cracking catalyst ispreferably afluidized cataytic cracking
(FCC) catalyst.

The fluidized catalytic cracking (FCC) catalyst preferably comprises azeolite (also
sometimes referred to as acrystaline aluminosilicate), preferably dispersed in an
amorphous matrix component. In addition, the FCC catalyst preferably comprises a
binder and/or afiller.

In apreferred embodiment the FCC catalyst includes a so-caled "large pore"
zeolite. By a "large pore" zeolite isherein understood a zeolite comprising aporous,
crystalline aluminosilicate structure having aporous internal cell structure on which
the major axis of the pores isin the range of 0.62 nanometer to 0.8 nanometer. The
axes of zeolites are depicted in the 'Atlas of Zeolite Structure Types, of W.M.
Meier, D.H. Olson, and Ch. Baerlocher, Fourth Revised Edition 1996, Elsevier,
ISBN 0-444-10015-6. Examples of such large pore zeolites include FAU or faujasite.
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In apreferred embodiment the FCC catalyst includes a zeolite chosen from
the group consisting of Y zeolites; ultrastable Y zeolites (USY); X zeolites, zeolite
beta, zeolite L, offretite, mordenite, faujasite (including synthetic faujasite), and
zeolite omega, Rare Earth zeolite Y (= REY) and Rare Earth USY (REUSY).

If the FCC catalyst comprises a 'Y -type zeolite, such a'Y -type zeolite
preferably comprises an overal silica-to-alumina mole ratio of more than 3.0, more
preferably an overal silica-to alumina mole ratio of between about 3.0 and about 6.0.

Such FCC catalyst can also comprise a so-called medium pore zeolite" in
addition to the above mentioned zeolites. By a "medium pore" zeolite isherein
understood a zeolite comprising aporous, crystaline aluminosilicate structure having
aporous internal cell structure on which the major axis of the pores isin the range of
0.45 nanometer to 0.62 nanometer.

Hence, in addition to the above mentioned zeolites, the FCC catalyst
preferably includes azeolite chosen from the group consisting of MFI type zeolites
(such asfor example ZSM-5); MTW type zeolites (such asfor example ZSM-12);
MTT type zeolites (such asfor example ZSM-23;)the TON type zeolites (such asfor
example zeolite theta one or ZSM-22); and the FER structural type, for example,
ferrierite. Of these MFI type zeolites, preferably ZSM-5, are most preferred.

In apreferred embodiment the FCC catalyst comprises zeolite Y or ultrastable
zeolite Y (USY) in combination with an MFI type zeolite such as ZSM-5.

If the FCC catalyst comprises both alarge pore zeolite and amedium pore
zeolite, the ratio of the large pore zeolite to the medium pore size zeolite in the FCC
catalyst ispreferably in the range of 99:1 to 70:30, more preferably in the range of
98:2 to 85:15.

In apreferred embodiment the process of the second aspect according to the
invention comprises:
acatalytic cracking step comprising contacting the solid biomass material with a
catalytic cracking catalyst at atemperature of more than 400°C in ariser reactor to
produce one or more cracked products and a spent catalytic cracking catalyst;

a separation step comprising separating the one or more cracked products from the
spent catalytic cracking catalyst;

aregeneration step comprising regenerating spent catalytic cracking catalyst to
produce aregenerated catalytic cracking catalyst, heat and carbon dioxide; and
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arecycle step comprising recycling the regenerated catalytic cracking catalyst to the
catalytic cracking step.

The catalytic cracking step ispreferably carried out as described herein before,
where the solid biomass material iscontacted with the catalytic cracking catalyst in
the riser reactor. In the riser reactor any intermediate oil product and/or cracked
products derived from the solid biomass material may be produced.

The separation step ispreferably carried out with the help of one or more
cyclone separators and/or one or more swirl tubes. The cyclone separators are
preferably operated at avelocity in the range from 18 to 80 meters/second, more
preferably at avelocity in the range from 25 to 55 meters/second.

In addition the separation step may further comprise a stripping step. In such a
stripping step the spent catalyst may be stripped to recover the products absorbed on
the spent catalyst before the regeneration step. These products may be recycled and
added to the cracked product stream obtained from the catalytic cracking step.

The regeneration step preferably comprises contacting the spent catalytic
cracking catalyst with an oxygen containing gas in aregenerator at atemperature of
egual to or more than 550°C to produce aregenerated catalytic cracking catalyst, heat
and carbon dioxide. During the regeneration coke, that can be deposited on the
catalyst as aresult of the catalytic cracking reaction, isburned off to restore the
catalyst activity.

The oxygen containing gas may be any oxygen containing gas known to the
skilled person to be suitable for use in aregenerator. For example the oxygen
containing gas may be air or oxygen-enriched air. By oxygen enriched air isherein
understood air comprising more than 21 vol. % oxygen (0 ,), more preferably air
comprising equal to or more than 22 vol. % oxygen, based on the total volume of air.

The heat produced in the exothermic regeneration step ispreferably employed
to provide energy for the endothermic catalytic cracking step. In addition the heat
produced can be used to heat water and/or generate steam. The steam may be used
elsewhere in the refinery, for example as aliftgas in the riser reactor.

Preferably the spent catalytic cracking catalyst isregenerated at atemperature
in the range from equal to or more than 575 °C, more preferably from equal to or
more than 600 °C, to equal to or less than 950 °C, more preferably to equal to or less
than 850 °C. Preferably the spent catalytic cracking catalyst isregenerated at a
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pressure in the range from equal to or more than 0.5 bar absolute to equal to or less
than 10 bar absolute (0.05 Mpato 1 MPa), more preferably from equal to or more
than 1.0 bar absolute to equal to or less than 6 bar absolute (0.1 MPato 0.6 MPa).

The regenerated catalytic cracking catalyst can be recycled to the catalytic
cracking step. In apreferred embodiment a side stream of make-up catalyst is added
to the recycle stream to make-up for loss of catalyst in the reaction zone and
regenerator.

The one or more products produced according to the second aspect of the
invention may subsequently be fractionated to produce one or more product
fractions, which may in turn subsequently be hydrotreated (for example
hydrodeoxygenated) .

The one or more products produced by the process according to the second
aspect of the invention can be used as an intermediate to prepare abiofuel and/or
biochemical component. Such aprocess is simple and requires a minimum of
processing steps to convert a solid biomass material to abiofuel component and/or
biochemical component.

The biofuel and/or biochemical component(s) may advantageously be further
converted to and/or blended with one or more further components into novel biofuels
and/or biochemicals.

The process according to the invention therefore also provides amore direct
route via conversion of solid biomass material to second generation, or advanced,
biofuels and/or biochemicals.

From afourth aspect, the invention resides in adistributor for feeding a
fluidised biomass stream into ariser reactor, the distributor comprising one or more
delivery apertures having adiameter as defined anywhere hereinabove.

The invention isillustrated by the following non-limiting figures.

In figure 1afeed nozzle (102) is shown comprising acylindrical inner tube
(104) defining afluid conduit (106) and an outer tube (108) arranged around the
inner tube (104). The outer surface of the inner tube (104) and the inner surface of
the outer tube (108) define an annular conduit (110) for the solid biomass material. A
stream of solid biomass material (112) isprovided to the annular conduit (110) via a
first inlet (114). A fluid stream of steam (116) isprovided to the fluid conduit (106)

viaa second inlet (118). The fluid stream of steam (116) leaves the fluid conduit
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(106) via afluid conduit outlet (120), whereafter it ismixed with the stream of solid
biomass material (112) to form afluidized biomass stream (122) that leaves the feed
nozzle via the delivery aperture (124).
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CLAIMS
1. A process for converting a solid biomass material in ariser reactor, which
jprocess comprises:
a) mixing the solid biomass material with afluid to form afluidized biomass

stream; and

b) propagating the fluidized biomass stream into the riser reactor via one or
more delivery aperture(s);

wherein the solid biomass material has a particle size distribution with a mean
particle size diameter, and wherein the delivery aperture has adiameter equal to or
more than three times the mean particle size diameter of the particle size distribution

of the solid biomass material.

2. The process according to claim 1, wherein the solid biomass materia has a
particle size distribution with a 99-vol% maximum particle size diameter, and the
delivery aperture has a diameter equal to or more than three times this 99-vol%

maximum particle size diameter.

3. The process according to claim 1 or 2, wherein the fluid comprises agas
selected from the group consisting of steam, vaporized liquefied petroleum gas,
gasoline, diesel, kerosene, naphtha, methane, hydrogen sulphide, hydrogen, and

mixtures thereof.

4, The process according to any one of the preceding claims, comprising
propagating the fluidised biomass stream into the riser reactor under apressure in the

range of from equal to or more than 0.05 to equal to or less than 0.5 MegaPascal.

5. The process according to any one of the preceding claims, comprising
propagating the fluidised biomass stream into the riser reactor at avelocity in the
range from equal to or more than 10 meter/second to equal to or less than 100

meter/second.
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6. The process according to anyone of the preceding claims, comprising
propagating the fhiidized biomass stream into the riser reactor via one or more
delivery apertures, which one or more delivery apertures are located in afeed nozzle,
which feed nozzle comprises an inner tube defining afluid conduit and an outer tube
arranged around the inner tube, wherein the outer surface of the inner tube and the
inner surface of the outer tube define an annular conduit for the solid biomass
material, and wherein each of the tubes have an inlet end and an outlet end, and
wherein the fluid and the solid biomass material are mixed inside the feed nozzle.

7. The process according to any one of the preceding claims, comprising
propagating the fhiidized biomass stream into the riser reactor via aplurality of
delivery apertures, each delivery aperture having a diameter equal to or more than
three times the mean particle size diameter of the particle size distribution of the

solid biomass material.

8. The process according to claim 7 wherein the plurality of delivery aperturesis

arranged in one or more arrays.

9. The process according to claim 7 or 8, wherein the delivery apertures are

arranged in one or more annular arrays.

10. The process according to claim 9, wherein the fhiidized biomass streamis
propagated into the riser reactor viaaplurality of annular and concentric arrays of

apertures.

11. The process according to any one of the preceding claims, wherein one or

more of the delivery aperture(s) takes the form of or are situated in afeed nozzle.

12. A process for converting a solid biomass material, the process comprising:
feeding the solid biomass materia into ariser reactor via one or more

delivery aperture(s);

wherein the solid biomass material has aparticle size distribution with amean

particle size diameter, and wherein the delivery aperture has adiameter equal to or

23



10

15

20

25

WO 2013/102070 PCT/US2012/072058

more than three times the mean particle size diameter of the particle size distribution
of the solid biomass material; and

contacting the solid biomass material, and optionally ahydrocarbon-cofeed,
with a catalytic cracking catalyst at atemperature of equal to or more than 400°C in

the riser reactor to produce one or more products.

13.  The process according to claim 12, wherein the solid biomass material has a
particle size distribution with a 99-vol% maximum particle size diameter, and
wherein the delivery aperture has adiameter equal to or more than three times this

99-vol% maximum particle size diameter.

14. A method for retrofitting an existing fluidized catalytic cracking unit
comprising ariser reactor to make the fluidized catalytic cracking unit suitable for
converting a solid biomass material, the method comprising:

replacing one or more existing feedstock distributors comprising delivery apertures
having afirst diameter with one or more new feedstock distributors comprising
delivery apertures having a second diameter,

wherein the second diameter islarger than the first diameter and wherein the second
diameter isequal to or more than three times the mean particle size diameter of the

particle size distribution of the solid biomass material.

15.  The process according to claim 14, wherein the solid biomass material has a
particle size distribution with a 99-vol% maximum particle size diameter, and
wherein the second diameter isequal to or more than three times this 99-vol %

maximum particle size diameter.
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