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WW0020061117002 PCT/DK20061000232 1 Method and apparatus for
Qﬁv@ﬂﬁﬁ%rganic material Description 5 The present invenB&r ilE/000232
to a method and apparatus for interisifying the energy content of an
organic material by converting the material into hydrocarbons and the
resulting produgtithetaof! BeriKgios il dOvRTEworlds Eriepgsrdemand is
increasing, and the fossil fuel sources are depleted, leading to increasing
competition for the available en sources, and thereby hampering
economical growth by high energ%&rﬁ!‘ég Bvercome this situation
renewable energy sources must be brought into exploitation. The only
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of the ener emand is biomass conversion. iomass is _efficient
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restiviap arestich RSt which accounts for one third of the total energy
consumption, must be available as high energy density fluids, preferably
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echnologies for transforming and intensifyin energy content, o .
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therefore a cheap effective dispose of te has become increasingly \
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trehishtetion felaeration pecouiss\i@gensltdgecdnbe noias trial-ayasteuwapepn, must be
a{EaRent ﬁ%ﬂ%‘d@%f%ﬂﬁf@%fﬂ&f seehwastesFaamikeRtdionph RNERRY diesel oil
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ofthigBaea Gt AeIFRsHs are still very limited in regards to the kind of waste,

which may be treated in the same apparatus and in regards to how much
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siionall, the gneray.of the argaic material, WHICH IS CONVEIEA NG ot o
redyclable products are still very Tow tompared to the amount of energy

waste over the last decades, Dumping of waste has become an increasingly problem and
therefore a cheap effective dispose of waste has become Increasingly more important.

A known method of waste dispoesal is refuse incineration. But numerous wastes are due to
the high water content not suitable for incineration, e.g. sewage sludge and industrial
waste water treatment residues. Incineration of such wastes require additional energy
Input, i.e. the overall process energy is negative.

In view of this new methods have been developed for treatment of such wastes. However
these known methods are still very limited in regards to the kind of waste, which may be
treated in the same apparatus and in regards to how much of the converted waste which is
turned into recydlable products. Additionally, the energy of the organic material, which is
converted into recyciable products are still very low compared to the amount of energy
added to the method, Therefore in order to make conversion of organic material

commercial interesting there is still a need of a more energy effective process,



35 added to the method. Therefore in order to make conversion of organic
material commercial interesting there is still a need of a more energy
effective process. 2 Furthermore, known methods have shown that char
and soot deposit inside the apparatus in such an amount that regular
cleaning of the apparatus is neededz2Such cleaning operations are time
consuming and therefore exgensive. Corrosion of the materjals used fger2 the
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corrosion has increased the cost of the apparatus for the converting and
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partly overcome or at least mitigate the aforementioned problems and
disadvantages. Another objective of the present disclosure is to provide
an improved recyclable product from the conversion of organic material,
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to a pressure above 225 bar, and heating said organic material in said
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of group 1VB of the periodic table and/or alpha- alumina, and - adjusting
of; . - . .

said fluid to a pH value of above Zih Qr@ wgp'r_ogseuq n;gg\]{odzggr %ong%tmg
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of g homogeneous catalyst comprising a compound of at least one element of group TA of
the periodic table of elements,
wherein the method further comprises the steps of:
- contacting said organic material in said fluid with a hetercgeneous catalyst comprising a
compound of at least one element of group IVB of the periodic table and/or alpha-
alumina, and
- adjusting said fluid to a pH value of above 7.

An improved method for converting organic material into recyciable products is hereby
obtained. By contacting the organic material with a heterogeneous cataiyst comprising a
compound of at least one element of group VB of the periodic tabie and/or alpha-
alumina, the catalyst may be reused and a continuously converting of organic material is
possible. Thereby the amount of catalyst spent for converting one amount of organic
material is



compound of at least one element of group IVB of the periodic table
and/or alpha- alumina, the catalyst may be reused and a continuously
converting of organic material is possible. Thereby the amount of catalyst
spent for converting one amount of organic material is 3 decreased
whereby the cost for converting the material is considerable decreased.
Additionally, the process time has been decreased considerably due to
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convethierapparatus is considerably decreased. The corrosion of these
materials has decreased to such an amount that cheap standard materials
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‘ Re” range _-1f,fsgcﬁ as 7-t12 and preterably in the range 7-10 such'as in
or e Fﬁﬂi‘?@u?—'@'ﬁ It"fs3RBFEBY Bbtained that when converting the organic
material into hydrocarbon fuel the corrosion of the materials used for the
Acdpridiged eoriistrEedshehe Appariasss dsalostuntias derhodsagnecatnaa’he
steprpinsiginificamd amopimtvaf.sonbsion. fRidthermoie) aecbrdizigito rapterial in the
rargnbotiment at the presenttistigsurehthermsethad may comprisextbe step. It
is 1Qf-pke-ieatirRg thearganicomateriag! @E%@@ﬁﬁ%t@fieﬂ'%&m}c&bﬂaﬁmn fuel the
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whereby the subsequent conversion may be performed more quickly than
without the pre-treatment. Subsequently, the pre-treating step ma
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cpmprise the step of adding additives to the fluid according to the present
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’?Emd'ﬂ%tc_cf fitthe ebRVarSiah GTine Srganic material into Rydiocarboh "9
migi SPTH@V&‘%&W& ?églﬂﬂwﬁmatlon thergof. By such a size reduction the conversion
process of the organic materiat is performed even more quickly than without the size
reduction.

Additionally, the pre-treating step may comprise the step of adding additives to the fluid
according to the present disclosure, whereby the conversion process is improved even
further in regards to speed of the conversion time and in regards to the resulting product
from the conversion of the organic material into hydrocarbon fueis. The product resulting
from the conversion of the organic material may by adding these additives be reguiated,
so that the resulting product may have variable composition of cil, methanol, water,
water soluble organics, water soluble salts, etc. It is then possible to adjust the recyclable
product in regards to the wishes of the subsequent use of the products.

In one embodiment of the present disclosure the step of pre-treating may comprise the
step of adjusting the pH of said fluid comprising said organic material to above 7. It
hereby



from the conversion of the organic material may by adding these additives
be regulated, so that the resulting product may have variable composition
of oil, methanol, water, water soluble organics, water soluble salts, etc. It
is then possible to adjust the recyclable product in regards to the wishes
of the subsequent use of the producgs In one embodiment of the present
disclosure the step of pre-treatin comprise the step of adj ustln the
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redpgaterial at an early stage of the conversion process, whereby the

process time for the conversion is reduced. By the step of pre-treating the
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step of separating particles from the fluid comprising the organic material.
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tharempdirptima e fluid comprising the organic material is hereby adjustable
just before contacting the heterogeneous catalyst, whereby the process is
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particles the total amount of energy spend for the conversion process.

Additionally, the method may according to the disclosure comprise a second separating of
particles, which step is merely for safety reason in regards to the first step of separating
particles. This step reduces for the same reasons as the first step of separating particles
the total amount of energy spend for the conversion process.

Furthermaore, the method may accerding to the disclosure comprise a step of cooling the
fluid. By cooling the fluid the resulting product from converting of the organic material
may be optimized in relations to the composition of product.

Advantageously, the step of cooling may according to the present disclosure be
performed by heat exchanging with the first step of heating and/or a step of pre-heating
the fluid in the pre-treating step. It is hereby obtained to reuse the heat from the fluid,
which needs to cool down before the second part of conversion into the recyciable
products, in the fiuid in the first part of conversion process before contacting the fiuid
with the heierogeneous



Furthermore, the method may according to the disclosure comprise a step

of cooling the fluid. By cooling the fluid the resulting product from

converting of the organic material may be optimized in relations to the

composition of product. Advantageously, the step of cooling may

according to the present disclosure Re performed by heat exchanging

with the first step of he ting and/or a step of pre-h atln the fluid_in
cat Ygtrea?lrﬁategte'pg ?ere%yggb{%n% 6p 'F\éurge %h‘? %tr?rcornﬂat e \ ht%erew
KePh % e R o cooI down before the second part of conversion into the
recyclable products, in the fluid in the first part of conversion process
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disclosure further comprise a step of separation gas from the fluid, such
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resSEER | that the fuel gas is used for heating the fluid in the second heating
step. By using the separated gas it is reused in converting the organic
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present disclosure the water and water soluble organics are transformed
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eie@@fgthyer embodiment of the present disclosure comprise a second step of
filtering water soluble organics from the water, such as an purification of
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ubsequently, sald one or m
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purification of methanol in” a second membrane- ﬂiter By thlS conversion step one recycle
product is obtained.

Subsequently, said one or more membrane-filters may be selected from the group of
membrane processes comprising ultra-filtration, nanc-filtration, reverse osmosis or
pervaporation or a combination thereof. By this selection different kinds of recycle
products are obtainable.

According to one aspect of the present disclosure, the water and water soluble organics
after the second filtering step may be transformed into drinkable water in a process of
reverse osmosis. By the method comprising the process of reverse osmosis one very
usable recyciabie product is obtained.

According to one embodiment of the present disclosure, the water sotuble organic may
comprising up-concentrated methanc! may be re-circulated to the pre-treating step. A



membrane processes comprising ultra-filtration, nano-filtration, reverse
0Smosis or pervaporation or a combination thereof. By this selection
different kinds of recycle products are obtainable. According to one
aspect of the present disclosure, the water and water soluble organics
after the second filtering step may bg transformed into drinkable water in a
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organic may comprising up-concentrated methanol may be re-circulated
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methanol is reused. Additionally, the method may according to one
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involved in the conversion are kept constant throughout the contacting
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%%”PTP eratures. A low temperature together with a pH value above 7
ecreases the corrosion of the materials used for the apparatus in which
the present method is performed. A low tempera ure in the contactlng
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g@gmmng@ure whereby the conversion process is further advantageous due to
almost no salts depositing occurs inside the apparatus. Furthermore, at such low
temperatures the organic material is less converted into soot and tar, which products are
not very recyclable. Finaily such iow temperature aliows construction of the apparatus
from less corrosion resistant materiais, further improving the competitive.

According to another embodiment of the present disclosure, the pressure for said
conversion may be in the range 225-600 bars, such as in the range 225-400 bars and
preferably in the range 225-350 bars, such as in the range 240-300 bars. By using
pressuras inside these ranges it is obtained that standard components and equipment
may be used for the present method whereby the cost of the conversion process and
apparatus is substantially decreased compared to the same at higher pressures.



higher temperature whereby the conversion process is further

advantageous due to almost no salts depositing occurs inside the

apparatus. Furthermore, at such low temperatures the organic material is

less converted into soot and tar, which products are not very recyclable.

Finally such low temperature allows construction of the apparatus from
. less corro§tion resistant materigl_ls, fturtherd'mgrovinq:th comr|%etitivethe cten of
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such as in the range 1-5 minutes. By contacting the fluid at in a short
organic m ?ﬁt’la . . . . . .
period the " conversion process time is decreased without decreasing the

conversion processing of organic material substantially. Additionally, the
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embodiment of the present disclosure the compound of at least one
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material. A vantageously, the compoun of at least one element of group
TR ﬁ?ﬁeé'%ériodic table is at least partly on a sulphate or sulphide form
according to another embodiment of the present disclosure. By using the
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Cup€robgaliic Matdrigh, Zn, Si in an amount up to 20 % by weight, such as an amount

up to 10 % by weight, preferably in an amount up to 5 % by weight, such as up to 2,5 %
by weight. By using the aforementioned heterogeneous catalyst together with one or
more elements of this group the conversion process {ime is substantially decreased
without decreasing the conversion processing of organic material.

Furthermore, these elements may be on an oxide and/or hydroxide form according to
another embodiment of the present disclosure, whereby the conversion process time is
further decreased without decreasing the conversion processing of organic material.

In vet another embodiment of the present disclosure said heterogeneous catalyst may be
in the form of a suspended particles, tablets, pellets, rings, cylinders, a honey comb
structure, a fibrous structure and/or a combination of these. The advantage of said
heterogeneous



According to one embodiment of the present disclosure, the

heterogeneous catalyst may further comprise at least one element

selected from the group consisting of Fe, Ni, Co, Cu, Cr, W, Mn, Mo, V,

Sn, Zn, Siin an amount up to 20 % by weight, such as an amount up to

10 % by weight, preferably in an amgunt up to 5 % by weight, such as up
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the proc?gga Yﬁ@ of orgaﬁflc Mmaterial. Furthermore, these elements may be on
an oxide and/or hydroxide form according to another embodiment of the
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heterogeneous catalyst may be in the form of a suspended patrticles,
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the organic material stream being contacted with the catalyst, while
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Pr%fich as at least 200 m2/g. By having this BET surface area, the

conversion process time is further decreased without decreasing the
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preferably said surface stabilizers are present in an effective amount from 0,5-5 % by
weight, such as 1-3 % by weight. By having this surface stabilizer in up to 20 % by
weight, the catalyst service lifetime is further expanded without decreasing the quality of
the conversion process.

in yet another embodiment of the present disclosure said heterogeneous catalyst may
have a BET surface area of at least 10 m2/g after 1000 hours of use, such as BET surface
area of at least 25 m2/g after 1000 hours of use, and preferably a BET surface area of at
least 50 m2/g after 1000 hours of use, such as a BET surface area of at 100 m2/g after
1000 hours of use, and even more preferably a BET surface area of at least 150 m2/g
after 1000 hours in use, such as at a BET surface area of least 200 m2/g after 1000
hours in use. By having



service lifetime time is further expanded without decreasing the quality of

the conversion process. Advantageously, said heterogeneous catalyst

may according to one embodiment of the present disclosure comprise

said at least one surface area stabilizer in an effective amount up to 20 %

by weight, such as an effective amoynt up to 10 % by weight, preferably

_said surface area stabilizers in_an effect] mount up to 7,5 % by weight
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surface stabilizer in up to 20 % by weight, the catalyst service lifetime is
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after 1000 hours of use, such as BET surface area of at least 25 m2/g

after 1000 hours of use, and preferably a BET surface area aof at, least 5
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area of at least 10 m2/g after 1000 hours of use, the conversion process
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hoesAYenERIAfEFther comprise the step of re- circulating carbonates and/or
hydrogen carbonates. By re-circulating carbonates and/or hydrogen
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Welg\ﬁt, such as at least 1 % by weight, and preferably at least 2 % by

weight, such as at least 3 % by weight, and more r_eferalbl at least 4 %
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comprise methanoi, whereby a very usable recyclable product is reused in optimizing the
method.

According to another embodiment of the present disclosure, the methano! content in said
fluid may be at least 0.05 % by weight, such as at least 0.1 % by weight, and preferably
at feast 0.2 % by weight, such as at least 0.3 % by weight, and even more preferably at
least 0.5 % methanol by weight, such as at least 1 % by weight. Methanol is involved in
the chemical reactions responsibie for producing the oil product, and in the chemical
reactions destroying the radicals otherwise responsible for formation of soot and tar
during the decomposition of the organic materiai.

Advantageously, the method may according to another embodiment of the present
disclosure comprise the step of re-circulating a fluid containing hydrogen. By re-
circulating a fluid containing hydrogen the method is reusing products resulting from the
conversion method



carbonates are important activators in the catalytic conversion performed
by the homogenous catalyst. Furthermore, the method may according to
the disclosure further comprise the step of re-circulating at least one
alcohol. By re-circulating at least one alcohol the method is reusing
products resulting from the conversign method and an optimizing of the

andmethod |snhere obtfg} d Accordlnt% to 0 pne embodiment of the present
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very usable recyclable product is reused in optimizing the method.
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material during the conversion.
Furthermore, said at least one carboxyl:c acid may comprise formic acid and/or acetic

acid according to another embodiment of the present disclosure. The said at least one
carboxylic acid corresponding to 1 — 4 carbon atoms is involved in the chemical chain
formation reactions producing the oil product.

Advantageously, the concentration of said carboxylic acid(s) in said fluid may according
to the present disciosure be at least 100 part per miilion by weight, such as at least 250
part per million by weight, and preferably at least 400 parts per million by weight, such
as at least 500 parts per million by weight. At this concentration level the oil product
producing chemical reactions rates are sufficient to ensure conversion of the organic
material to said oil product.

In one embodiment of the present disclosure the method may comprise the step of re-
circulating at least one aldehyde and/or at least one ketone. By re-circulating at least one
aldehyde and/or at ieast one ketone the method is reusing products resulting from the
conversion



Furthermore, the method may according to the disclosure further comprise
the step of re-circulating at least one carboxylic acid. By re-circulating at
least one carboxylic acid the method is reusing products resulting from
the conversion method and an optimizing of the method is hereby
obtained. Additionally, said at least ppe carboxylic acid may comprise at
least one carbox lic aC| hav a %hal bgt;th cgrrespondlng to 1-4
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formation reactions producing the oil product. Advantageously, the
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Furthermore, according to another embodiment of the present disclosure the
homogeneous catalyst may comprise one or more water soluble salts selected from the
group consisting of KOH, K;COs, KHCG;, NaOH, Na,CO; or NaMCO; or a combination
thereof, In combination with the carbon dioxide formed as part of the conversion of the
organic material said salts are converted into the carbonate invoived in the chemical
reactions as activator.

In another embodiment of the present disciosure the concentration of the homogeneous
catalyst may be at least 0,5 % by weight, such as at least 1 % by weight, and preferably
at least 1,5 % by weight, such as at least 2,0 % by weight, and even more preferably
above 2,5 % by weight, such as at least 4 % by weight. At this concentration level the oil
product producing chemical reactions rates are sufficient to ensure conversion of the
organic



formation reactions producing the oil product. According to the present
disclosure, the concentration of said at least one aldehyde and/or at least
one ketone in said fluid may be at least 100 part per million by weight,
such as at least 250 part per million by weight, and preferably at least 400
parts per million by weight, such asat least 500 parts per million by
ght At this concentratlon level the oil product producing chemical
ma‘i»%é%ﬁ&?& PRe& R Sutficient to ensure conversion of the organic material

to said oil product. Advantageously, the homogeneous catalyst comprises
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reactions involved in the oil product formation are enhanced to facilitate
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comprises water according to another embodiment of the present
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convers:on processmg of orgamc material. Furthermore expenses for treating an effiuent
stream are saved.

In another embodiment of the present disclosure said at least one carbonate and/or at
least one hydrogen carbonate and/or at least one alcohol and/or at least one carboxylic
acid and/or at least one aldehyde and/or at least one ketone may be re-circulated after
the step of contacting. It is hereby obtained that some of the resulting products from the
conversion process is reused and that the conversion process time is decreased without
decreasing the conversion processing of organic material.

Furthermore, at least part of a stream of said recirculation may according to another
embodiment of the present disclosure be mixed in a ratio with a feed stream of said fluid
comprising said homogeneous catalyst and organic material to be converted before



at least 20 % by weight, such as at least 30 % by weight, and even more
preferably at least 40 % by weight. The organic material to be converted
must be pumpable. The concentration of said water in said fluid may
according to another embodiment of the present disclosure be up to 99,5
% by weight, such as up to 98 % byl\gleight and preferably up to 95 % by
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stream of said recirculation may according to another embodiment of the
Acqiesentdiselasutedradmixedta areatio withi@sfeed:stressrtof waidfluddogeneous
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that some of the resulting products from the conversion process is reused
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and more preferably in the range 2.5-5. It is hereby obtained that some of
In throtegiuRINBOPIBENEE the present disclosure the interval between such treatment

with hot pressurised water may be at least 6 hours, such as at least 12 hours, preferably
said interval between such treatment with hot pressurised water is at least 24 hours,
such as at least one week.,

By treating or flushing the reactor with hot pressurised water, the life time of the reactor
is increased and the cost of the method is thereby substantiaily decreased.

In yvet another embodiment of the present disciosure said organic material may be
selected from the group consisting of sludge, such as sewage sludge, Hquid manure, corn
silage, clarifier sludge, black liguor, residues from fermentation, residues from juice
production, residues from edible oil production, residues from fruit and vegetable
processing, residues from food and drink production, leachate or seepage water or a
combination thereof.



from the conversion process is reused and that the conversion process
time is decreased without decreasing the conversion processing of
organic material. Advantageously, the conversion of said organic material
may according to another embodiment of the present disclosure be at
least 90 %, such as at least 95 %, ajyd preferably above 97.5 % %, such
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pressurised water is at least 24 hours, such as at least one week. By
AddEeaiing hushing thrd eaatoravdthdnal pressdtisedanaianinibet lite time olesent
distSURAGIQ, R IncErAs et RERINeLeskaf the-method is thereby

substantially decreased. In yet another embodiment of the present
disclosure said organic material may be selected from the
AeeQEHBR AP BF SITHGE ERin A o R A HE P PheRE e gy oe
slugegrffieP SIUHGE BRIEK NETFICPEBIAGES from fermentation, residues from
juice production, residues from edible oil production, residues from fruit
In apstvegetakienpracagssiagréesiduesifram: foaid antbdrakipraduotiomecess may

be leAChAlE AIsaeRPAGS VRIS R A caibination thereof. 14 According to one
embodiment of the present disclosure, said organic material may
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Additionally, said biological water treatment process may be an anaerobic process
according to another emhbodiment of the present disclosure,

The method is capabie of converting many kinds of organic material as mentioned above.
Even though the method is performed at a relatively low temperature and a relatively iow
pressure the temperature and pressure is still sufficient to disinfect the resulting product.
Which means regardiess what organic material the resuiting products is usable without
infecting risk, e.qg. residues from residues from food production, such as meat from a cow
or a veal will not result in the spreading of the disease BSE. Likewise will virus, bacteria
etc. from the organic material not be spread in a subsequent use of the resulting
products.

Advantageously, said organic material may have been subjected to a mechanical
dewatering according to another aspect of the present invention. By dewatering the
organic material the heat value of the feedstock is increased, leading to increased oil



According to another embodiment of the present disclosure, said organic

material may comprise a waste, such as house hold waste, municipal

solid waste, paper waste, auto shredder waste, plastics, polymers,

rubbers, scrap tires, cable wastes, CCA treated wood, halogenated

organic compounds, PCB bearing tﬁajnsformer oils, electrolytic capacitors,
o HER DR e AT AL RSP LIRESS MRAE o o
OrQ%’Bﬁfﬁﬁﬁﬁt@[&%%l\?%"%ﬁ%‘?or suspended organic material. Advantageously,

said sludge may according to another embodiment of the present
Furthiertoseredie siadehoh aepivlogitalraedtmepteprbcasdy. Feesititgnother
aspetiecentizogimsent ofvtheiprasent digclosuire santeorgarit feetedfl Yhay beeight,
prefisgge froma waste watekiieatment preeessy |ataratherembodimentitpfmost
prefieRresentJigelgsure said biological treatment process may be part of a
waste water treatment process. Furthermore said blologlcal water
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oh be an aerobic Process. Addstronally said biol ogical water
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embodiment of the present disclosure. The method is capable of
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relatively low pressure the temperature and pressure is still sufficient to
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material may have been subjected to a mechanical dewatering according
Adteranpitieraspectiofithe pfesent inveittiemaBydematerirmy threadrgatimed from
corfibateidal shebeatyalussefibe feedstock iz inetegsedateadingrtdicreased the
preggr;lc%&rggygtron capacity at constant processing cost, without sacrificing

the pumpability of the organic material to be converted. Furthermore, said
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By mixin OFGanic h c%t
THE presentinvention ave ry so content at east 10 %
theogymbmocessrng and/or that the rate o the processing time is increased

The present disciosure further relates to the product obtained by the aforementioned
method. Said product may according to the present disclosure comprise hydrocarbon in
the form of oil. A resuiting product which is very usable is hereby obtained in that oif is
presently a very demanded product all over the world. A product such as oil is possible to
obtain in that the method is performed at very low temperatures.

in another embodiment of the present disclosure said fluid may have a feed carbon
content and a feed hydrocarbon content, where the hydrocarbon oil product comprises at
least 20 9% of the feed carbon content, such as at feast 35 % of the feed hydrocarbon
content, preferably comprises said hydrocarbon oil product at least 50 % of the feed
carbon content, such as at least 65 % of the feed carbon content and more preferably
said hydrocarbon oil product comprises at least 80 % of the feed carbon content.



preferably at least 15 % by weight, more preferably at least 20 % by
weight, most preferred 25 % by weight. By the pre-treatment step of the
method it is obtained to increase the dry solid content, which again
decreases the conversion process time. Additionally, said organic material
may accordlng to another aspect of ttl;we present invention comprise a

mixture of SI gnocelulotlc mqtenals Olr W%Sztﬁ‘ )ctno?nOtner YS9 content in the
I
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the periodic table may be ash obtained from combustion of biomass or
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atoRISEIRSHIG o BY SRBNG thepdiffatantorgapicsnatarialsitis obtained that less
catalyst has to used in the further processing and/or that the rate of the
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oil. A resultlng product which is very usable is hereby obtalned in that oil is
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to BiPTEP SEIMBENRSPbBIANT R EFRT tHEIRBtfod is performed at very low
temperatures. In another embodiment of the present disclosure said fluid
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feed carbon content, such as at least 65 % of the feed carbon content
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therdedh recovered in said hydrocarbon oil product, such as at least 65 % of
the feed energy content and even more preferable at least 80 % of said
Th¢eedde¢;@r@yrccmltemo@gécmré@ve diesel-like properties according to another
embodiment of the present disclosure. The diesel-like hydrocarbon fuel might be mixed

directly into conventional diesel oil, thereby saving the cost of refining the oil product.

Furthermore, the hydrocarbon oil product may have a oxygen content in the range 0.1~
30 % according to another embodiment of the present disclosure. The oxygen content of
the hydrocarbon fuel is known to improve the properties as transportation fuel, due to
the reduced particie emission from the combustion of the fuel.

Additionally, the hydrocarbon oil product may be adsorbed on the surface of a mineral
product according to ancther embodiment of the present disclosure. This oil containing

mineral product is an improved starting material for molten mineral processing
processes,



in said hydrocarbon oil product. Furthermore, said hydrocarbon oil product
comprises hydrocarbons with 12 to 16 carbon atoms according to another
embodiment of the present disclosure. Advantageously, said hydrocarbon
~oil product may be substantially free of sulphur according to another
embodiment of the present disclosure. Additionally, said hydrocarbon oll
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The present disclosure further relates to the use of the aforementioned product for
driving an engine or generator, for power production in an oil fired power plant, for
process heating or domestic heating. These are all means of producing energy from a
sustainabie source, yet without having to replace or renew the hardware instaliations or

infrastructure established for energy production from fossil fuets.

Furthermore, the present disclosure relates to the use of the aforementioned product as a
biending component in petrodiesel or gasoline or in a suspension fired system or in a
process for molten mineral processing. These are all means of producing energy from a
sustainabie source, yet without having to replace or renew the hardware installations or

infrastructure established for energy production from fossii fuels.



methanol may comprise at least 20 % of the feed carbon content, such as

at least 35 % of the feed carbon content, preferably comprises said

methanol product at least 50 % of the feed carbon content, such as at

least 65 % of the feed carbon content and more preferably comprises

said methanol product at least 80 % pf the feed carbon content. By

further purification ag%urified methanol produc}' mighft be obétaine , whicg IS
Addaralie 4 fuRICIBP FIEBHS I P BRI 10 ‘GEsDINE for prodtiction of Procucnd
a festiMEaImBIoR HafisfRErRIRBHATR IS Yt ah StHA EnTBstMEaRt S e BrEgeAteY
furtfgsolosube vatdeakingoveseniadidignergy content in the feed may be

recovered in said hydrocarbon product comprising methanol, such as at
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comprising methanol, such as at least 65 % of the feed energy content is
system com 25
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source, yet without having_to replace or. regnew th% hardware installatitons
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aforementioned product as a blending component in petrodiesel or
Furtfassolire, otlin @suspersion fisgeksysteny ofuriier processdor mottdreating  unit
situniperat processingtcthese arerak meansohpsadycing enengyféeamaadirection,
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orfaiteatralfy. The present disclosure additionally relates to an apparatus

for converting an organic material into hydrocarbons, comprising: a
AdgiteTaiyy ensipnesystesrsands esproduet recoveing systesmpreadat disclosure further
corlﬂtﬁ'r@ﬂ‘ﬁ%ﬁiﬁﬁticle separating unit situated after the first heating unit in the feeding
direction. By separating particles before contacting the fluid comprising the organic
material with the heterogeneous catalyst the product resulting from the conversion
process, such as oil, is then substantially free of being bound to these particles and
therefore much more reusable straight after this conversion process. A second process,
such as an refinery is thereby dispensable.

Said pre-conversion system may according to the disclosure further comprise a second
heating unit situated after the first particle separating unit and before the catalyst reactor
in the feeding direction. It is hereby possibie to cptimize the temperature before entering
the fluid into the reactor and thereby an optimization of the conversion process.



system comprises - a first heating unit for heating a feed of fluid
comprising organic material - a catalyst reactor for contacting the feed of
fluid comprising organic material, and - an adjusting unit for adjusting the
fluid to have a pH value of above 7, and said product recovery system
comprises - membrane-filter for sepagating a first stream of oils and water
soluble salts in from a second stream of water and water soluble
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Sald pre-conversion system may according to the disclosure further
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another embodiment of the present disclosure the pre-conversion system
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In one embodiment of the present disclosure the product recovery system may further
comprise a gas separating unit for separation of gas, such as fuel gas, the gas separating
unit is situated after the second heat exchanger and before the first membrane-filter in
the feeding direction. It is hereby obtained to separate the aforementioned gas, such as
fuel gas from the rest of the fluid.

In another embodiment of the present disclosure the product recovery system may
further comprise means for re-circulating said gas, such as fuel gas for heating the fluid
in the second heating unit. It is hereby obtained that some of the resulting products from
the conversion process is reused and that the conversion process time is decreased
without decreasing the conversion processing of organic material,



further comprise means for re-circulating part of the feed of fluid after the
catalyst reactor into the feed of fluid before the second heating unit in the
feeding direction. It is hereby obtained that some of the resulting products
from the conversion process is reused and that the conversion process
time is decreased without decreasingthe conversion processing of
organlc material, Furthermare, the first heating, unit may according to the
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the first membrane-filter in the feeding direction. It is hereby obtained to
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hereby obtained that some of the resulting products from the conversion
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produce oil out from the fluid, and thereby a very
Furthermore, the product recovery system may according to an embodiment of the

disclosure further comprise the second membrane-filter for separating a purified
methanol compound from the second stream.

In ancther embodiment of the present disciosure the product recovery system may
further comprise means for re-citculating the purified methanol compound from the
second stream to the pre-treating unit of the pre-conversion system. It is hereby
obtained that some of the resuiting products from the conversion process is reused and
that the conversion process time is decreased without decreasing the conversion
processing of organic material.

The present disclosure further relates to a plant comprising the aforementioned
apparatus, for producing the aforementioned product by using the aforementioned
method.



Furthermore, the product recovery system may according to one
embodiment of the present disclosure further comprise a phase separator
unit for separation of oil from the first stream, said phase separator unit is
situated after the membrane-filter in the feeding direction. It is herby
obtained to separate oil from the fluig. Additionally, the product recovery
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FurdBRAdizIent Qb sRrSeNLdisclosme dhe PR I HREOMRIYoBYRLERR fBEY: table
mal BOGH CRMpTIRe B3PS JarSeasirsHiating thepwrified methanal somrAUNE an
em gmgec Osecggrg,gesgre[ac@crigshr}g pre-treating unit of the pre-conversion

system. It is hereby obtained that some of the resulting products from the
Ad\ggnr%\algég%q {%CESSdéS rerljls?d alnd ttgr% teh‘aaen%:gnrév$r§|0n pr(?ace? te!mgr odic table
ecr ut ecrea in onversion pro(p g of orga
may, rtaat Fafh art hrde cirm FCCOT n%c% an em odrmeplt of the
ateria ésehf BSUR firtherraiated 0 a pfant comprising
preéfé‘re%ér?ﬁp'r?ed apparatus for producing the aforementioned product by
using the aforementioned method. 21 In one embodiment of the present

In ar?élﬁsrﬁ@ttﬁ@ 'BRARCITRY BEFRTSESHRS A Yot *@&ﬁﬁﬂﬁﬁg&?g“&m&y Fﬁgear.évrther
compiise apparafis ahtiEansHsFRehIOVaPET RS prodtictsCroth ¢heV: Mn, Mo, V,

SnappabatisnAapsther EnSodiMeneshtheysfeseal diselosure thé plarftnisant.
prefigreiy copnprigeuat up to 5 % by weight, such as up to 2,5 % by weight.

Furthermore, these elementis are on an oxide and/or hydroxide form according to another
embodiment of the present disclosure.

Additionally, the heterogeneous catalyst is in the form of suspended particles, tablets,
peilets, rings, cylinders, a honeycomb structure and/or a combination of these according
to yet another embodiment of the present disclosure.

In yet another embodiment of the present disclosure the heterogeneous catalyst may
have a BET surface arez of at least 10 m2/g, such as 25 m2/g, and preferably at least 50
m2/g, such as 100 m2/g, and even more preferably at least 150 m2/g, such as at least
200 m2/g.

Advantageously, the heterogenecus catalyst further comprises at least one surface area
stabilizer selected from the group of Si, La, Y and/or Ce according to an embodiment of
the



refinery The present disclosure further relates to a heterogeneous catalyst

for use in a method for converting an organic material into hydrocarbons,

comprising a compound of at least one element of group VB of the

periodic table and/or alpha-alumina. Additionally, the compound of at least

one element of group 1VB of the per'ﬂdic table may comprise zirconium

an /8.r tig%nilém according to an embodiment of the present disclosure.
PTeRUr htesrcmo?é,‘the compound of at least one element of group IVB of the

periodic table may be on an oxide and/or hydroxide form or a combination
Subsetivetilio deeordiacpieraavermtiotiishentof aRecptesekt discRisbpdiment of the
prefavantageousiyytheigosmoundafsat deastofeelermerdtafifpoup | MB effective
amdpipesiadictablesynayidie, adleasispartyreaasuphate ab silpiude feynveight,
prePESBRAINGLQ AR &MPeLilat RENR AIesRREJISEISHRE- U &N9BEY, by weight,
sucimpogiment gf (e present disglosur eat;ﬂ%uﬁft%ro oe%eq}é%%%aé}’sétmaéfd more

urther comprise at reast one o elemen_t selected from grou of F&, Ni
PreEiRRBLSTY, WA SR > S PRSI hRAGITHY B S T 28 S5 (heighte Y
weighibrradai Ardaiy a0 % by weight, preferably in an amount up to 5

% by weight, such as up to 2,5 % by weight. Furthermore, these elements
In ateios ambxddesandfand yarexicleifopuaccosding:toganethetaembodinyeiive a
pe Pl iheRresgnirdisdesure »Hidisienallys the heleregenarus:calahyaltadn 4he of

at IR 3YSPERded RGeS faRlets, JAGlIRLS, Jﬂﬂg%ﬁ‘%yyﬂrﬁ’§ééa?ea of at least 50

neycomb structur? and/or ﬁ caomblrguon of these accor

ho g g toye
M2 &iher embodimen BF?hf?g‘fres%n&} sclodle: M yefadot @@%@géﬁ%%w

hoF Ak kel BITSEICRRIRe RIFESHE GoRnb 8Lt aNTSt PhAY 'RaflelatBEY 9 after

10GR Faies dreaofsaciestsetl o Ri2/gudach A5 eRAy AAdRrafaftdsly GR0dmsrs In

useb0 m2/g, such as 100 m2/g, and even more preferably at least 150 m2/g,
such as at least 200 m2/g. Advantageously, the heterogeneous catalyst

FinMUNERLCATRHRRS &hleastane swfaee Hea, Slabilizar salerird JLOMARE o an

emggody;ge% S#’t{’»e?‘b% E%ng/(gsrcpcszua}gcordlng to an embodiment of the 22

present disclosure. 8u sec(}quen'tly, the heterogeneous catalyst may
1n 3ggoMing fo, @rsngsb%gém&g  of the, pressnt disclasure. comprise SIAAL,

|east ohe surface area stabilizer In an effective
hydrocarbon fuels, comprising the steps of: pressurising said organic material being in a
fluid to a pressure above 225 bar, heating said organic material in said fluid to a
temperature above 200 C in the presence of a2 homogeneous catalyst comprising a
compound of at ieast one element of group IA of the periodic table of elements, wherein
the method further comprises the steps of: contacting said organic material in said fluid
with a heterogeneous catalyst comprising a compound of at least one element of group
IVB of the pericdic table and/or alpha-alumina; assuring that said fluid has initially a pH
value of above 7, and mainiaining the pH value of said fluid containing said organic
material in the range 7-14, such as in the range 7-12, and pre-treating the organic
material at a pressure of 4-15 bar at the temperature of 100-170°C for a period of 0.5-2
hours, and wherein the step of pre-treating comprises the step of adding additives to the
fluid, and wherein the step of pre-treating comprises the step of adjusting the pH of said
fluid comprising said organic material to above 7.

In another aspect, there is provided an apparatus for converting an organic material into
hydrocarbons such as an oil, comprising: a preconversion system and a product recovery

system, said pre-conversion system comprises means for supplying organic material to a



amount up to 20 % by weight, such as an effective amount up to 10 % by
weight, preferably said surface area stabilizers in an effective amount up
to 7,5 % by weight, such as surface stabilizers in an effective amount up
to 5 % by weight, and more preferably said surface stabilizers are present
in an effective amount from 0,5-5 %4y weight, such as 1-3 % by weight.
In another embodiment of the present disclosure the heterogeneous

pre-dERaiig: Al HaVE G UBEF QUL BTEN Y R edsP T s/ Phafer 1o 2t the
temRERYIST e 18U AEBET Surkstiedarda B ot 1888E255/2/ ¢ ErErADTet unit
confogirofigsmsdnt prsfaritilg aaBETstfadecavel of atdesst S0 m2/glafar a
heall @@Ehhogr's of usefisychasadBk Trsudaceargamoirat 106 tedigeadters160000-
17000Ws RdA1S8.cBRtheverhnaas e pefesably afiB& Toausace aretaof Bifteasintbihg
the B8 BRI LOR0DAUFS. i Uses &lich.asalaREdr sHEfdesAtea aklaast208s a
cutma/%ﬁ%ﬁfgwr%.h(g%rsg@v.rra%tgm"y JENEIEAGRDRAHS CAIRLYASL MANRE: of

add {\98 ucaen ad LStin um Ct(l)nr IQ%'[OH’;II’] iSmPOdlm nt OESQS _res dnseparators
TOSure n one asp ecll fchePe IS provi Sa meth con\/er tin

a“éo%ﬁ‘f?cf%gﬁ@ﬂgﬁnﬁoeﬂw 8%%{?&6?’??%&0”&%rrﬁ&?sm"’ée{hé"é%%‘ﬁ Copanes Such as
alcghisstifeiNg SaitcHr MR Mt ARG 718 AP TGURSFEESH A A9V drogen
carlpaGigaaidatitgSaideorgariot plagerial I shiddlpieingia tebmsé sitorentbiovenid
pro20f) dnvthe pyssence fekdilippuogeftequsseatalyst confprisiagiaining said fluid
conGSHBpe Wtk afrak ieasinaeaelementef-grupdA afifbeerigdiedable above 225
bare@m&n&%awr@ea%mf&hﬁéaergeﬁéur&m&@mméeg|m$éec9&ef.sr>@rga@tmgamc
maSAI8 80l Malerial 1 sAifil WIR BRSIRIAgENEOUR AR Serore it enters
th % 03] acom a n r0 r%‘t tlfeasﬁr% Jeom orrle (r)t 9&9” s KIE roctiuct recover

¢ rro&XCFaBPeerehnd or a Fla aur‘rﬁna assurln that sa| gs initiall Y
SVSE@%%I&ECB?%E)F\?&'“# A0 ISRt fh%aij \xé‘iu%%?‘%%rarflhﬁﬁéoﬂ?& Fﬁn@éIid
catalyR) BRRARICT PRI (RiEcFEATe 294, BUERCaROAtRIEAFR) 81D S8 econd
heasing treiting teecorgngiclwthtédal sed pregsmeat;r\@, 18itha¢ dbthenixed with a
recteniperatireaot 20079 Chiofadresiodofl 05a2/shoergpand wherein the

step of pre-treating comprises the step of adding additives to the fluid,

pedib¥hsteie-Sie R Prestigating comprises the step of adjusting the
pH of said fluid comprising said organic material to above 7. In another

The S%E%Frz%é%t‘%r%‘w' eﬁﬂea%PRP [alus Jor 6aNYaIHNg. a1, Qraafe material
drocarbons such as an oil; comprising: a preconversion system

accgﬁr&)ad"‘b'%d‘ijf@f"’r@%\/grv Ktem, said pre-conversion system comprises

means for supplying organic material to a 22a pre-treating unit, a
Figpileshavatifitpimaiioperatingiaebepresyisre ofat b bar at the

Fig. 2 shows a general process flow sheet,
Fig. 3 shows one aspect of product recovery according to the present invention,
Fig. 4 shows another aspect of product recovery according to the present invention,

Fig. 5 shows yet another aspect of product recovery according to the present invention,
and

Fig. 6 shows yet another aspect of product recovery according to the present invention.

The drawings are schematically and shown for the purpose of iliustration.
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temperature of 100-170C for a period of 0.5-2 hours, said pre-treatment
unit comprising: means for pressurizing said pre-treating unit to a
ressure of 4 - 15 bar; a heat exchanger for heating the flujd j
Wéﬁé’.‘{‘?&é iﬂr[]% unit to a temperature of 100- 170C by heat exch%%}eﬁ%ﬂﬁot &

fluid from the pre-conversion syster# before entering the product recovery
system; means for size reducing of the organic material such as a cutting,
Fé!riﬁdf’ngf"‘%ﬁm?aCo?@i%\?ﬁﬁ@%?&d%ﬁa"mﬁﬁaﬁéﬁ%&%ﬁ FREAR/forin the
cheiitieh Dieddelitivas divddpisamg aniteatjostirg dhe pkanatsesate argatie
naheve % ancheeparaters:manetfiters foefarming.a sesitsnlation siiRam
p%@ﬂ§$@y%§&!%%wp%%lﬁga§e% @A%P&irﬁalxg@p&g@% KeIONeS.ter »
Caqg{%r %ag%%éyllc ?glds andf(%rtcarbontates and/or hTyIdro en carponates

and/o'rnleast ong)ﬁéerr?i:'}(aferrltacpn roeﬂﬁrj3 _F,&ao“lLr %Osﬁgﬁoe&"ic table %ﬁ‘ogijeﬂr‘f&'n‘tgssi‘ﬁwm
"8G SYRERI CF REEEIREH -S| uteTie A TSR BIRRT A ormsissstirimpLszach mird
hepistalning Saidefldide Eomiprskighesicionyamiv material irethesipee toeatrmient
temitctatarpreasurne ieéabode22mmbar pasiiish heatingrimnihfos heatingrsaiir and =

térick cen@ningoRaicHiiehcamRAsi D said-argenic. matesial by heahar catalytic
. ggraggﬁ with tteectﬂvtd}gjf{rgm é@ée Eproduct recovery unHul'Jefore it enters the

heat exchan jer in said pre-treat genlfﬁﬁsa(haaad/esfo%elt CRtEP ST HrBGREverted
FERYTErF S tarROs L S8 P RERIMP EiTfishiTaten ciek SaignfirEtpiedtimene fitter
7URitsaRer PEfo Ry S aitleckralySsyermotidinatic fee g divectiv th afid cinsxingded
tpeimbisitupted before saidvspemdrbeatiag wWakssvharain eiflsidfresnteaithy the
rilistieating, Unitimshedmbed Wit a-Jreiiselatng sueam.of prit b he fluid
QM. 231 Gaiglvst feactor, Detaile zda???%%%%ﬂ gighe nvention [he. o lquid
' present |nvent|on‘wm in’the following be escribe With Tefereee 6 i Mav
YEECOMPEhHIRG T EWrSY i WHEHDEGA BHAR SN Ematie Brawriybihe
PragBradcIsE Seake Bricyply FigpsRrehows acgenetrsl proskssHlowtsteet; Fithe3
cshpwstionefaspesscf prafuet EoRa Gasargiachi0 e PERsENHinveMiRAMmple

4k &mm%@@9&%&@@@9&9&@@%&%@9&Exeaﬁ&m&mgoﬁ%h% RrESa0t
p'@é%ﬂ%'%htr%'}%r pslla})_\ﬁlf yet ano_ther aspect of product recovery according
to the present invention, and Fig. 6 shows yet another aspect of product

recovery according to the present invention. The drawings are
Fige RethaitiealRramtksh o for the pefpose ointicsif ationihnG: Q00613 17002
PREENMDK2006/000232: 23Eig bisasehrmatic:chrwing @fd&lﬁ%bé%f@?@ﬁy shown
ohehuBdused £arthe, IentS-gian) izﬂa@%omprise a wide range of biomass and wastes,
and may aiso comprise fossil fuels such coal, shale, orimulsion, heavy fractions of crude oil
etc. Many aspects according to the present invention involve treatment of organic materia)
from a mixture of different sources of material as just mentioned.

The feed storage will typically have a capacity corresponding to three days of plant
operation. The feed storage is preferably a conceaied and agitated silo, such as an agitated
concrete sito. A fluid containing the organic material is pumped to the pre-treatment step 1
at position A,

The first part of the pre-treatment comprises in this aspect 2 size reduction of the feed a.g.
by cutting, grinding, milling and/or sieving the material. This size reduction may be an
integral part of feeding pump (not shown). During the feeding operation to the pre-
treatiment the pressure of the fluid containing the organic material to be treated is
increased to a pressure in the range 4-15 bars. In the second part of the pre-treatment

the fluid containing said organic material is typically maintained in a pre-trestment vessel
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examples. The pre-treated fluid containing the homogeneous catalysts
and organic material to be converted is supplied to the system at the
osition A. The fluid is pressurized by means of the pump i
w 23?%11’57>?%ately 230 C in the heater 2 5 comprising a heatlse(gglgig%me%ﬁéﬁ ?
a temperature controller TIC. A seé6nd fluid is supplied to the system at
fcﬁositiqn B. This treamjig pressurized by means of the pump 3 and
SREWThThe healdl 3 16 T TehipEPaNi e TREL SRS RO iR AP TRERd ¢8Rt
WEBHVE BT 2 1R 5E PatETE BPHHER 9iiNE8 AUl G tredrnseEr gositichedange 110 to
1¢0mprinsing ey Heatréxohahgeinand aidempematireegniallendic el to be
CWQW@MQWQH&LWF@QOUMhﬁ IQHQEJW&%@WQFJ@%FS%@&%amS to be
SHE. SPURSEINEN NS FISIRgEnsouR SRR e DVC SamAnng (e ror
converted organic material is codled 10 ampient temperatu?e in the cooler
rECEHA AT IR NS5 &P tation and collection of suspended
particles. Subsequently the fluid is expanded to ambient pressure over
TteepWalvh SprEheesystemvpsesselkeligsraaintained Hybeoatrolingotaerilowin the
rdhseugiodTrblping ihe Reassure CARERNIRRE ISR £¥PARAREIHIGvention
pE?W@WSd‘&r?gS aﬁlﬁﬁ\?%r&dt‘r’n"'t@e%h% gi‘t%rrpgﬁ'gc yleln?d ;I;}I‘ée !‘qu!tjxldatrag#o\pessei
of the stream Is collected in a liquid trap ?LO, and the gas i8 vented 6

“RURT the Pl S Bositich &, 3FARNIBW TS Bithe Bralil cameis @n element of
IEBMIMUB ISR/ AtEREt TRl N eng B e ereplaesd fredd(add ishewnary Ak NaOH,
KeoPapesition affthegasds analysed tyrgastehranategraphys (Rof shawdatab the
vassinallaampler-dakes thiruehds alcantsalied prasswiessiablished Pydhe.e
vEc sontiol yalve and ihe a0 pressipcpRRliel fRIC) 1 Fig: 2shaws a
schematic drawing of a preferred aspect of & method acco ding to the
present invention. Organic material for conversion is received in a feed
Dfiiades (IS8 Sheh tonatretfRptmentSaidad fgasic mekteried snaly Toreplisea
heyidesifaingeaofi bigmass andwasiesR2xandmaaisascomprice fogsihfdels
fa%ﬂﬁg\:ﬁ@&heﬁ%@é@s@ék‘@&@@ﬂehﬁggﬂcﬁ%gggﬁé%F@Jgﬁﬁgr%d\%@)ﬁ feedstock
«ASREFERATROTARN L3 NS RrEENL TYERON INBE NSRRI O AARRIC e,
maiéanaﬁll from a mixture of different sources S materlarl as_hus mentioned.
YL Y WINPT RERVES: ChpHBRy SrE S ARy thRYeiso
eSO At SO vpEIateht FIRedetd st agjeiy preférdbly adearicoated for the
serdpgitatectsiopsuRirastanragitated iconceete silos, Adtuidcontasnmgditoxylic
2OEFRRICRBLe iahisPwaipes tothe PERsreatnant steRlin RSO Andhg such
<o RaTtatdng pier ieaiment comprises In s aspect g siee reduction of
the feed e.q. 35 by cutting, grinding, millin and/or sieving the material.
TSR (08 PRGNS BeSh Antdbt Ba oFfEding ffb (NBEEhown).
PRANTY the TeBERfy epetAtitn B 8ve pre frdmntentthed prasktien 66 the figides 3-
Scontaining the organic material to be treated is

A fluid stream containing pre-converted organic material is withdrawn from pre-treatment
vessel by the feed pump 3, and pressurized to the operating pressure e.g. 250 bars, The
feed pump may comprise a plunger pump.

After pressurization the fluid containing the pre-converted organic material, the
homogeneous catalyst and other additives is heated in the first heating step 4 by heat
exchange with the hot converted product stream from the catalytic reactor. The
temperature of the fluid containing the pre-converted organic material will in many
applications according to the present invention be in the order of 20-30 °C below the

operating temperature of the catalytic reactor. During this first heating step the organic
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increased to a pressure in the range 4-15 bars. In the second part of the

W‘Br@ﬂ?@éﬂ%nt the fluid containing said organic material is typﬁ%@mﬂ%mo‘mz

maintained in a pre-treatment vesse2¥WO 2006/117002

PCT/DK2006/000232 24 for a period of 0,5-2 hours. The pre-treatment
mMgsedal| i thecfesd iy dlhag irEaalbstetorovioistristmamtaineicuati esirable side
ret@rtipres ataepos ER0-AhE Handnpraier abh iRt 38 ch 10 40 aAd @rfer BRRation.
segaipydasdhis mecheaingrriarld duomudsing.said ofaanic matsiial fo

I%%iecnqg\égr e |s[qreferabrl¥ suppdled, )y recovering heat fromone of the
P e b AR 18NS & (S8 16t ERHURE TRRE fxAftrpatednsydeposition on
ditBEFSRRYeHEtRRRt e XBR A wesked filives covery tfdreanfiarmaiie side
rqEQTessst @alshle Fhae tietbénpeesisaaimeabygsselis adivsied Rdabie
pMaligabove 7, and preferable in the range 8-10. This pH adjustment is in

many aspects according to the present invention 10 performed by adding

additives to the vessel either directly into the pre-treatment vessel and/or
FrRRd Hefhiesisrethengeby, dbidifig tdoatunivg ishidmas- edse @ twi priganRmaterial may
pelemeEnigfagiodpdpeefiifie ReiRAICiARIgI NN INIRERA¥aMMAS-RESWARL may be
rRALIEVRS A KPP NaQE 2 & i?’xg NazGQ3.ash from biomass or ¢

e

.or coal

combustion. Such additives may be a ded 16 the ?/%S'S(ﬁstﬁ?gab ’%ns({?é('&ﬁws may
“LTETRE LY SERYRY RitD! e SPEiResRRRy Wirse tydntocnsons odiiss) a.
SrvénefiareirnehShmnebe Prolideddipaddadingituinap driotrahbepocess shown
bpthingrtbaresidence in the pre-treatment vessel larger molecules such as

cellulose, hemicellulose and lignin are hydrolyzed, and cells from
‘B\Ptié)rngas?i addition is opened facilitatingaéhe release of cell contents, such

S

as 'sa b P R R PR SO Rtisrre SOS{HUK seriRiaies IFUReRrIEPIHAIoR organic
MalerddoMbEaN i Suetyie porassitamironmthibdeetsytickdtsetf;. herebying will
tedlosing éosaery effipentaoeease Airemnas of @herAdditves A% AsQation
WRNRRRGS m&M&&SQM%BIQr&O%&En‘HQ%’F'&Ea“ ﬁjt%ﬁ%[ %grgvgrrs of:le(ﬁgg the feed.
Axat%\i[ar%'g(ail eou‘% f%r the subsequent processing. Such other additives

include ‘arcoh ISR AR SHSERARsoNed BuidDasrsarig desirabrpisy (second
hRatbweanith @ piderirethaspeceoitive invantidncaine nisertoigstectipaBture of the
catitiitivesdveing utiizednindbe peentegatmesty e BrRANESiRGSItUR Wesent
RVassS dag: GGHer ele EriealnRaL ek Bsehowh B b .
ng%a{%s Eaand deT%r%l‘]%alf C?mDOSItIOHS of these recirculation’ streams1s

funther deSeredThrertion (BTG Breduses IBENA PLRERStrdaM Prefered aspect,
teis AtATHIAR P s Eerllperfadrergemieinattheatiscvittn mewddnomdol énthigatmend re-
ciregiseibb\othaitepdpump GsandHresurize G ioikbaeRetating pressure e.g.

250 bars, The feed pump may comprise a plunger pump.
In the catalytic reactor 7, the fluid containing homogeneous catalyst, additives, and pre-
converted organic material is contacted with the heterogeneous catalyst. The
heterogeneous catalyst will typically be contained in a tubular fixed bed, and the catalytic
reactor may comprise multiple tubular fixed beds. During the conversion a dissolved fuel
gas, a water soluble organics and an oil is generally produced. The product distribution is
adjustable within a wide range of concentration of resulting products as shown in the
examples below, and may be controlled by selecting a suitable cdmbination of residence

time, re-circulation flow rate, reaction temperature, and concentration of homogeneous
catalyst and additives,

Part of the product stream from the catalytic reactor is re-circulated by the pumg 8, and

mixed with the fluid containing the pre-converted organic material as described above.
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After pressurization the fluid containing the pre-converted organic
woadesialyebe 35 homogeneous catalyst and other additives is FeB&x2096/000232

the first heating step 4 by heat exchgnge with the hot converted product

stream from the catalytic reactor. The temperature of the fluid containing

Tmamlﬁ%@;eeowmmm@w%%@ AN ARAGRAIQNSAGREMING 10
e[:r)treéent mvento %ergor e qrder of 20-30 C below the o Gs%era in
a

?empera?u?ené? R Satalvtic reactor? BURRDRAR HrsY ARASRY B gdthdrawn to the
SegEhReNiKS serE e 962 B T ASKo0de/D0o F3ptids santskitir evisdabis sscond
plurities thpartty dedoenpesedmbmunabecatwnipsipikiesidmriaatinsparation

e'@aé( WQ&@@% q%?%tﬂﬁ\mﬁém@s‘éﬁﬂﬂ@&%ﬂw éU%@%E%WQa‘EDPJ is to provide a
? rmatio es regucm the over%l effl%%wcy of the process, this may

et 6 %"rg R SR S AL TR G5y o lACER ErFriRgy e Stpansion
t%%‘é‘?’é)@éﬁ&ﬁ&@ﬂ %‘iﬂ*%étﬁé@ﬁhﬁw%@@@@%ﬁéﬂ@é@ﬁ eguipvaent Thamber of
apfticetnentisnie dskfivesredivecthene wadesitablasigmvieasti@nseanthis particie

@ﬁﬂ?ﬁﬁ&ﬁ’ duiiberthe E@@H@Bﬁ@n%%QQQEQMemﬁt%@E@%Q‘ﬁWé separation

roducts. From the heat exchan er4 the fluid containing said
dg\fg: SR dr%vr"gnafﬁoén rﬁ}&?e’?fgf?%ﬁﬁ ‘i‘fﬁ”p%)‘s§h§ filst3rticle separation

device 5 for collection of suspended particles, which may be formed
Sdbiskg satidopie: CRBNEISIONtHH BB hE diniRIcTRip patiiel s eP At stream is
cslgxk?ﬁw%m@ét%%%@ A sanventignal means frPJaP%Q&ﬁ@naSPQr%HB i the heat
e¥czorr1]g a fllte({ﬁﬁwgrawmetnc settlln% chamber etc. Particlé

EONHEH AP ORISR hP e o SRR By fiehetreaifrgng grpansior
Vﬁ!ﬁ%rlﬂxé‘ﬁﬁ!s%ﬁﬁ’arﬂtﬁé Sepur afiot deview § Yy figin donBaningidid separated fluid
spremocnverted prgARICraratenalisenixer with aJeneicerdalingsihapn ffrma\/ be re-
heisalahdio LQFeMEr(PQﬁQQa‘Q’@e%%@@”X ' ée?ﬁ’% éb@ﬁ&%ﬂ%@o@gﬁr s?stem 11

r} ixed flui d}o -20 dthe recirculation will further introdu

iystreted Ry '?ﬁjl%"ly BRI the feed. 20 After

deswa le comp oitiy|
mixing with the re-circulation stream the mixed fluid passes to a trimheater
Tiseseputahwatiyigamn,t)ibstwhetainife-éeanprrattsesis qised iR higarator 12,
s@BﬂﬁH@tfﬁ@Q@ﬁM&Qf il:h%rggurc"f‘&y%dr?r?e%guzj JJ&@JE@ heaie r?xl SX U\ aspect

S, accor |n he pr LﬁFﬂt invention be a gas oro

f}ér anél'cls 3 TR rg? (ﬁgf BipriRn &HBhtes c[ﬂ&’uh‘ﬂj’tﬁja%r AtRegare
f%ﬁﬁ?@?ﬁ%’dété ﬁréﬁm@@@rﬁﬁﬁé*méésghmn@mmfdmsge&wm is
pirasioeatehvisfusitesh byare-cisplidatingstBeppiaducaghgasdenatag dtibrliGethbrane.
ThESeaFrHRliRa O T aifbRFRdYSad Qa5 may: Ine!vdle: 3, BHIIMGAION SI&R:ct and the
dissolved inorganic compounds, e.g. salts from the feedstock and the homogenous
catalyst. The oil product is separated from stream L in an oil separator (phase separator
unit) 14 operating at atmospheric conditions, and forming the oil product stream H. The
remaining water and dissolved inorganic compounds forms stream O. The main part of
stream O is recycled to the pre-conversion 1, 2 in stream E, thereby recycling the

homogenous catalyst, while a purge stream P is discharged to balance the inorganic
compound input from the feedstock,

The further processing of the membrane filtration permeate, denoted stream K, is

ilustrated In figure 4 - 6. Stream K contains smaller water soluble organics like C1 -4
alcohols and carboxylic acids.

In one aspect illustrated in fig. 4 stream K is fed to a separaticn unit {membrane fitter) 15,
producing pure water of drinking water quality in stream G and a stream of water soluble
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In the catalytic reactor 7, the fluid containing homogeneous catalyst,

WaFINAELY%nd pre- converted organic material is contacted wili§ H&k2006/000232

heterogeneous catalyst. The 30 heterpgeneous catalyst will typically be
contained in a tubular fixed bed, and the catalytic reactor may comprise

orgaltiplentatiatan fix@Udeger Dlonngithescenversispacdigsolyad febhasederse
oWAlBISAURILAEIMICS NG RIS IS, 9RRGIAIL HIadUesH TRERIOAHE! orained

W%I et!'sbéiﬂé’t” IS ad'|custabée Wltl}_m a wide range of concentration of resulting

f
Broducts as Shown ih the “examples BEoW-aNE RIS BRVEEHERRER By 2
selecting a suitable combination of residence 35 time, re-circulation flow
Inaadprdmeionaemiheratiee, iafid chnaesiratior efitamegenseusteaialster soluble

orbshRdditives. Par af theared %bﬁ%f@@%ﬁ&’@&'&%?%&%‘é%f unit 16

e \jera%ullsaitrt}agn bx tlge ump 8, and mixed with the fluid containin

pre-converted orgaRic mataral 58 HELH BRRPHBIednvey SYSBTPERIeE o
CRTETIBROTDBTOHORS 2 ive Teisea Rl asen comrespontlitignto the mass
H@Maﬁm&aﬂ Qdmfah@hug ﬂﬂl@iﬂ[ﬁ&irﬁ@_m@&ﬁd@éwi@ﬂﬂﬁlﬁﬂ@r@m%um water
strbdncahelbeceiny uRtng s keamapin @0 e SRR PHICIRe. e ror
a%ggar%hogqugw e V\?tAs forrthe first particle seParatlon evice this secon
ParoIes Shparatith WEGRE AN SHBIRLE s ES R HAERTaTFR&Sns for
particle separation S e.g. a cyclone, a filter, a gravimetric settling chamber
Ieten Eheecndinstestir enisigo praviderar BahsrRPGERH RfRatabtidfed to a direct
AesBRoded Rarticies Riepd. ol i n.coping.and expansion doALoll.
nq&%o%il?unepge??gogn ;[ohth,e Tuggfr%gned particles. However, In a number o
applications of the PraseFiRYE Athes G2 Tor Rdedltsok Gomd HapilesRPs-
content this particle separation device may be optional. Particles

collected in the second particle separation 10 device are withdrawn from

the process shown by the stream C. Subsequent to the passage of the
E's}%congegarticle separation device the fluid stream is cooled in by heat
_@xéﬁgn_ge with the feed stream in the heat exchanger 4, and in the heat
RRSRERGe S@mpdsdasaaysssionessewanemivdage 75-225 bars over

the expansion 15 valve 10, and separated in the product recovery system

Arkesproeighing %@%@@ML&&%e'?&c@@JystE%HL&P%@E%Q&%&%%%‘@%%X&%S% the

plr%SeS‘%.‘ihv%%Eh}?-ﬁt{ﬁgﬁg F and/or E may be re- circulated t

prétreatment step as deserbed ZhotE TRRBIBGESrdcovery system 11

is further illustrated and described below in the figures 3-6. 20 The
Bepdmationteysterantlufstrateshinghguuegs, WOMPISECma gasliciipsenrsaiPthe dry
A ePAAURGANGHas products in stream | and the liquid products in

stream J. In an aspect the gas product is used internally for fuelling the
trimheater 6. The liquid products are

> C=283%
> H=433%
» N=355%
> O=284%
» P=4,49%
> Al=7.77%
> Si=744%
» Ca=695%
¥ Fe=3.17%
¥ OK=1.62%
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further separated in a first membrane filter 13. The membrane filtration

weenstationsts pressure driven, and in many applications apply#agra Rasa/000232
or ultrafiltration membrane. 25 The fggation retentate in stream L includes
parts of the feed water, the oil product and the dissolved inorganic

Aﬁwgsar?aﬁ’rsﬁ%i%émé% RedpiPRicaan Js RRMIsNaus. ﬁ%aih@&ced

rodu separ fro stream L in an oll separato
c‘%‘é@%% orsr[lr%%&h B‘%’é"?g ghaetgr1 RS LS RRS HRflons, and formlng the

oil product stream H. The remaining water and dissolved inorganic

cofpopdpAgrinsl stgam-0 i he raainpait of pﬁgﬁtrqamoq IS EeOEIEd k%
Euf‘%
ic

t TeFc 5910] 2 stEan Eothere Ag-the—Roemoager
e e e e paee” [omese
compound input from the feedstock. The further processing of the
Fafvdratd Hirgtion pdrpieatérd ermgeer@t,@m %] i$ BT Wustmiqdan [figuwre
4 - 6. Stream Kjcontaing smaller water sofuble organics likd

alcORoOIS-GRO-CarooXyHcia A u-n, ectilystrated-in-fig

e 4 <l Do Ty T 120 ARGt Dl
drinking water quality in stream G and a stream of water soluble WO

TROC6HHBIOG2RETHDIKA006/00288 2 biganigs-HastieamEnt T i&h a heat value of

Sepypiigniiklraisinanasreetgfie nventiona KNS ?ﬁ" E%ﬁ%'ée sludge as

membrane unit, comprising a multitude of membrane ' mo
rec
fetamed water soluble organics in stream F are recycled to the
pre-conversion step 1, 2. 5 In a further aspect, illustrated in fig. 5, stream
PKids isplitdntstaicossenisadradyeaias o8 blete (g s shr e s 18 &fnm by cutting

l&ﬁ@é\nﬁ%?*tml%ﬁeg %@xﬁ“g@é}}agr ?@Sesfﬁ)fal@tiop HQ'tZ]J%nIE'Y\gWeg E% Ia colloid mill

atlons ame rane aratlon riven by ternperature
(g:r)?rgcgéntratroansa’ré\ﬁpgr%o?ri@ rﬁ’é’ §Freéj&%ﬂléﬁ&ﬁ%?’%&%@fﬁﬁsﬁ'ﬁ@m imm).
water stream Q is further purified in a polishing step 17, producing the
Puirequetely 1GstegnGoithe palisking siepd bimpreforabuananiv@fovas added
rearkRondilieresiike rﬁg@%fgghﬁbépﬁpgr%@ \gly doyv concentrations of

impurities from a water stream. In an aspect illustrated in fig. 6 the water
soluble organic stream K is fed to a direct methanol fuel cell 18,

oAt @hgrerbeRitpeeg s sroess Vritdiresdruim R2 Frendirewiel® of Si. The
aatetharioltfuciccell E8yinghtinpkidesfoed streanandeifienteasdisioning, was

lenscExamplas2Q-liystrative example 1: Conversion of sewage sludge
Anaerobic digested sewage sludge below was converted according to the
method of the

63 g/h of the pre-»trea_ted sewage sludge was pressurized to 250 bars and heated to 230 C

in the pre-heating step. This stream was mixed with 393 g/h of pressurized water heated

to a temperature so as to obtain a substantiaily constant temperature of 360 % 5 C after
mixing.

The mixed flow was subsequently contacted with the heterogeneous catalyst in the
reactor. The feed to water ratio translates into a water to feed ratio of 6:1, and the total
flow of 456 g/h transiates into a contact time of approximately 4 minutes.

After to the contact with the heterogeneous catalyst, the fluid containing the converted
organic material is cooled to ambient temperature, filtered through a particle filter for
collection of suspended particles, and expanded to ambient pressure. The Hauid fraction on
the stream was collected in a liquid trap, and the gas Is vented off.



present invention in the laboratory scale plant shown in fig. 1. 25 The dry

WA d3PRent of the sewage sludge was 5 %. The main comBEAEHI 000232
the dry matter in weight % were: > Qs 28.3% > H=4.33% 30 > N=3.55%
-0=28.4% > P=4.49% > Al=7.77% > Si=7.44% 35> Ca=6.95% y Fe =
3.17% - K=1.62 % WO 2006/117002 PCT/DK2006/000232 28 An

m@%@%WM%@f ﬁﬁwﬁ&%%ﬁiﬁéfam%tg (ﬁ%ﬁ%%ﬁ%@gg?ﬁ%ﬁﬁ& BYd & solid
[0/% 0/ Afyfg}’?gsg[%i? ‘%g ]E%‘F[G/" ?\“1 f’%fj ® f%ﬂeRO@ f35.9 88%%.15 5.2

5.03 4.98 4.66 4.62 2.36 ClI [%] S [%] Fe [%j] Na [%] Mg [%] Zn [%] Ti [%]
5 Ba[%] Mn [%] 1.13 1.09 1.04 0.938 0.875 0.226 0.195 0.0652 0.0375 5
cHaegagpustible fraction amounts to 58 % of the dry matter content, with
a heat value of 22.2 MJ/kg, which translates into a calorific value of 476
KJ/kg in the sewage sludge as received. Prior to the test the sewage
TOR GGy Ve e SRERBESY SiZihe RrecetheRs WasmBystirdmynlodovRheby a gas
pebictdthspmBeepExmaneratosr(type ABAbrki b 452) dinehiatbing ihy a
10 colloid mill (Probst and Class, type N100/E), and filtered by a screen
ske fllter esh wi h 1mm sequently 1.5 % by weight of
@%tééél im in I:t%'e ?ornﬁ’ F‘aé)gliu?h E%FB Qs bded to the resulting
slurry. The pH value of the slurry was 9.0. 15 125 ml of ZrO2

listerogEneisus catalyst stabilized with 2.2 atomic mole % of Si. The
Wbﬁéﬂwe B}gﬁm of cylindricatpedt _ f 3 mm length and a diameter of
R Sde [vol. %} 31.92

Carbon monoxide {vol. %] 0.00

Methane [vol. %] 12,87

Ethene [vol. %] 0.00

Ethane [vol. %] 0.00

Propene [val. %] 0.60

Propane [vol, %] | 0.00

CA-compounds [vol.%] ' 0.00

Total [vol, %]: 99,92

Total amount of carbon, g 0.91

15
Liquid analysis

The liquid product was contained suspended particles. The filtered liquid was analyzed by

fon chromatography, Induced Plasma Emission (ICP) and high temperature total carbon
20 analyzers and mass specirometry.

The analysis of the liquid phase revealed the following results:

Liquid analysis

pH 8.32
Total Organic Carbon (TOC), [ppm by weight] 726.8
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added to the tubular reactor. 20 63 g/h of the pre-treated sewage sludge

wasderesswtized to 250 bars and heated to 230 C in the pre-hgatipg figinoo232
This stream was mixed with 393 g/h of pressurized water heated to a

temperature so as to obtaln a substantially constant temperature of 360 t
-F|n\nl Was-su |h nru |mnf|\/ nontacted Wlth the
oYal Indrganic CEroo F‘ﬁ p
ef

hptpmneﬂpnuq catalyst.l reactor’91 =d to %?e' ratio translates
TRECRRe tEPPé‘éG\fé‘{Rigﬁb :1, and the total flont8$&84 g/h translates

ntohared Niach ﬁmmereﬂ@lapprommately 4 minutes; Afterdggthe contact with
Eiﬁajh%i w@e%gq:@}alya the-fluid-containing-the R0 erted 30 organic
LIS cooled-to-at

mbient.temperature filtered through a particle filter

el REE ISR B8t d particles, and expandedto’gmbient pressure.
Tererligaittifiaptiobyomeiiélstream was collected in ailiggid trap, and the

g@&g&d@p&q@hwggp@u 7002 PCPIDR2006/9gp432 29 The

"""""""""""""" preduct-streams,{a-gas.-an-aqueous product
ety epulied I thiecP s ;
and a Soll oorecmlta e. g%moles for analysis was cgﬁe%ued for a period of

15.5 hours. 5 Gas analysis The flow rate and composition of the produced
ThednwessMeasiketcoatdin RO UsViBY @ §as rdustes R BAB NG I REthe presence of
SPHBRYsition was measured by gas chromatography. 10 The analysis of
the gas phase revealed the following results: Gas analysis Hydrogen [vol.

%] 55.13 Carbon dioxide [vol. %] 31.92 Carbon monoxide [vol. %] 0.00
> Seltasesipol. %) 12.87 Ethene [vol. %] 0.00 Ethane [vol. %] 0.00

Propene [vol. %} 0.00 Propane [vol. %] 0.00 C4-compounds [vol.%] 0.00

T-E%t%lﬁﬁ%a(g%r%gm%% analyzed by means of a total carbon analyzer and by elemental
analysis by an induced coupled plasma analyzer (ICP). An organic phase was found to be
adsorbed to the inorganic particles under the experimental conditions used.

This organic phase was extracted prior to the solid analysis using CH;Cly,. The extractable
fraction of the crganic carbon was found to be an oil phase, primarily consisting of
saturated hydrocarbons with a chain length of 12 to 16 carbon atoms, and there for
comparable to fuel or diesel oil. The oil contained 2-hexadecanone, heptadecane, 6,10~
dimethyl-2-undecanone, hexadecane, 3-methyl-indole, 2-tridecanone and other
compounds. A sulphur and halogen analysis performed at the extracted oil, showed that
the oil was essentially free of sulphur and halogen compounds. The total amount of oil

extracted from the solids was 3.86 g and the total amount of carbon found in the ail phase
was equivalent to 3.28 ¢.

No carbon was detected in the solid product after extraction of adsorbed oil, indicating 100

% conversion of the organic material in the feed. The same result can be concluded from
the carbon balance below:

Carbon balance

Input C: Output C:

Sewage sludge: 13.81g 0.91 g gas C - 4.97 %

K,COs: 451 g 4.34 g TIC liquid = 23.68%
9.3 g TOC liguid = 50.74 %
0.0 TOC solid = 0.00 %
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Total amount of carbon, g 0.91 15 Liquid analysis The liquid product was
WeHPRBEIdaA8uspended particles. The filtered liquid was analyzeRCBYDEM06/000232

chromatography, Induced Plasma Emission (ICP) and high temperature

total carbon 20 analyzers and mass spectrometry. The analysis of the

liquid phase revealed the following 'S‘E’ék"gc qyid ana|y5|sg|-| 8r3e g"or@i
[@@aﬁcﬂpamon (TOC), [ppm by wge U gfo 8q§l¥lugr4§li§){l)ll_i§lUU: 973 %y
PCT/DK22006/000232 30 Total Inorgantc \,al oot ppm

V\ICIUIILJ

361.5 Total Carbon, [ppm by weight] 1088.3 Methanol [ppm by weight]
600 Ethanol [ppm by weight] 300 Acetic acid [ppm by weight] 332.7

spm by weight] 10.3 Acetaldehyde [ppm by weight] 104.9
Total amount of carbon in liquid 9.30 g The inorganic carbon content in
the liquid was found primarily to be due to the presence of carbonate. 5
Cc!:d analysis-Fhe-solid-fractions.was analyzed hy means of a total carbon
an'aT?f}(zng%%d by efSRRNRMC analy i BYEH induddd e fiEditasma
analyzer (ICP). Arligrlahic phase Wad found to birasisoreg tapthevith feed |
ir@'@am@g@artlclemueder the experigigneal cond|tions used 10 This

ta-tha colid annl\lclc |1e|nn (‘I—I’)(‘I’)

H la
organtcphnase-we HOftothe-SoHaanatySIS-USHIG-Hel s

ys-extracted pIIUI
The extractable

raction of the or

anic carbon was found to be an ail

BIfAEE Brimarily

tonsisting o4t

rated hy®hc

arbons with a chain length 71

ofytPomed 6 carbop atoms, diibe

e for compal

able to fuel or dieseloil’ g g

~ 1045

M@ gontaine
dimethyl-2-unded

ather compound

4 nexauei,glgygt
anone, hexadecs

5. A sulphur and

; ilcptai‘i_?\ec}l
Ine, 3-methyl
nalogen analy

;O TUTO
in dole, 2-tridecanone and
sis performed®® the

&itracted oil, sho

wed that 41,900

3.86

34.8

Sum 107.0

Ilustrative example 2: Conversion of sewage siudge

Anaerobic digested sewage sludge with characteristics as given above in example was
preheated and converted using the same catalyst and experimental set-up.

140 g/h of the pretreated sewage sludge was pressurized to 250 bar and heated to 230 C
In the pre-heating step. This stream was mixed with 414 g/h of pressurized water heated

to a temperature 5o as to obtain a substantially constant termnperature of 300 % 5 C after
mixing.

The mixed flow was subsequently contacted with the heterogeneous catalyst in the
reactor. The feed to water ratio translates into a water to feed ratio of 3:1, and the total
flow of 545 g/h translates into a contact time of 3.3 minutes.

After to the contact with the heterogeneous catalyst, the fluid containing the converted
organic material is cooled to ambient temperature, filtered through a particle filter for

collection of suspended particies, and expanded to ambient pressure. The liguid fraction on
the stream is collected in a liquid trap, and the gas is vented off.



the oil was essentially free of sulphur and halogen compounds. The total
wangisntefpil extracted from the solids was 3.86 g and the total-amerntabersz
carbon found in the oil phase was ivalent to 3.28 g. 20 No carbon was
detected in the solid product after extraction of adsorbed oil, indicating
100 % conversion of the organic material in the feed. The same result
can be concluded from the carbon balance below: 25 Carbon balance
Tipare Bt e "§8waége§ ERR S SHERRTG A RS /(B aApeRUKBIeRYSt Ansi solid
P@@FBWWI@@@QI@SZ‘B%%M%”F@@W@N@ foB( Péridd OfOLTOBxadid 0.00 %
WO 2006/117002 PCT/DK2006/000232 31 &~~~E8 Cinoil 17.9 % 7.83
5 conversion 973 % Energy balance: 5 Component Heat Value Amount
Ener% Fraction [~/k9] [g] [% of energy input with feed | Feed sludge 476
B féthane 50,400 0.25 2.71 Hydrogen 240,103 0.21 10.8 Methanol
19,918 13.67 58.6 Oil 41,900 3.86 34.8 Sum 107.0 lllustrative example

TBe GaySiESHpRHRf srAge.SHAgR 4 AranarsRig digested sewage sludge
with characteristics as given above in example was

Gas analysis
Hydrogen [vol. %] 31.36
Carbon dioxide [vol. %] 41.17
Carbon monoxide [vol. %] 2.25
Methane [vol. %] 24.22
Ethene [vol, %] G.00
Ethane [vol. %] 0.00
Propene [vol. %] 0.00
Propane [vol, %] 0.00
Ca-compounds [vol.%] 0.00
Total [vol. %]: 99.00
Total amount of carbon, g ' 0.54
10
Liguid analysis
The analysis of the liquid phase revealed the following resuits:
15

Liguid analysis
pH 7.42
Total Organic Carbon (TOC), [ppm by weight] 985.1
Total Inorganic Carbon (TIC), [ppm by weight] 439.3
Total Carbon, [ppm by weight] 1424.4
Methanol [ppm by weight] 800
Ethanol [ppm by weight] 0
Acetic acid {ppm by weight] 347.2
Formic acid {ppm by weight] 43.2
Acetaldehyde [ppm by weight] 156.5
Total amount of carbon in liquid 13.33 ¢
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preheated and converted using the same catalyst and experimental
Weekehp1 14 g/h of the pretreated sewage sludge was pressurig€e/ix2&@/066232

bar and heated to 230 C 15 in the pgg-heating step. This stream was

mixed with 414 g/h of pressurized water heated to a temperature so as to

obtain a substantially constant temperature of 300 5 C after mixing. The

Tﬂéi)gﬁgém wassUasadlenty contacted with the heterogeneous catalyst
n.the 20 reactor. The feed to wa éjﬁgrz\fuag\ﬁ%'nns AT Ovegtéj'r’?o?e%% presence of
?5?%"%?33:1, and the total flow of 545 g/h translates into a contact time of

3.3 minutes. After to the contact with the heterogeneous catalyst, the fluid

containing the converted organic material is cooled to ambient
stRRRLALLe, filtered through a particle filter for 25 collection of suspended

particles, and expanded to ambient pressure. The liquid fraction on the

stream is collected in a liquid trap, and the gas is vented off. WO
ThoGsld a2 P GTIKa0esI080282n 82 Eheekperine ot saseiedrinibyee phase
WREORbIEH St @BIBES FHES: AN ARROHRIWORIFEANLR S HEFRUALE conditions
Joamples for analysis was collected fora period of 10.5 hours. 5 Gas

analysis The analysis of the gas phase revealed the following results:

Gas analysis Hydrogen [vol. %] 31.36 Carbon dioxide [vol. %] 41.17
Tdayeanehesidedsy ek tHRdbridn ethiamedidl abahk 22irMgthepa,[vohdektractable
AABnEs e yohided BH0W By aBRRED/OL SO0 BraRane: e BRisting of
=Gl AQROMLE DOl M Q0 IR of 25 98 caen A0 LRa there e
comparable to fuel or diesel oil. The oil contained 2-hexadecanone, heptadecane, 6,10~
dimethyl-2-undecanone, hexadecane, 3-methyl-indole, 2-tridecanone and other
compounds. The total amount of oll extracted from the solids was 12.73 g and the total

amount of carbon found in the oit phase was equivalent to 10.83 g.

No carbon was detected in the solid product after extraction of adsorbed oll, indicating 100
Y% conversion of the organic material in the feed.

Carbon_balance:

Input C: Output C:

Sewage sludge: 20.58g 0.54 ggas C = 1.97 %

K2COs: 6.78 g 6.43 g TIC liguid => 23.5%
6.3 g TOC liquid = 23.02 %
0.0 TOC solid = 0.00 %
10.83 g C in oil = 39.58 %

22736 ¢ 2.24.1 ¢ conversion =— 88.1 %

Energy balance:

Component Heat Vaiue Amount Energy Fraction

fk3fkgl fgl [% of energy input with feed ]




i0

15

20

The analysis of the liquid phase revealed the following results: 15 Liquid
wanauigpbt 7.42 Total Organic Carbon (TOC), [ppm by weighit-883006/000232
Total Inorganic Carbon (TIC), [ppm BX weight] 439.3 Total Carbon, [ppm
by weight] 1424.4 Methanol [ppm by weight] 800 Ethanol [ppm by
weighil 0 —Acetic-acid{ppm-by-weight]}-3472-Fermic-acid-{ppm-by-weight]
i °) glg?aldphydp [,n,r%?nghy \'{vpigﬁ]]fgg.S Total amount cl)?r(;arbcj)n in T
liquid 13.33 g WO 2006/117002 PCT/DK2006/000232 33 The inorganic
mathamecontent in thejliquid $tesdoynd primarihg to be due to the presence; g1

~5-Sofid anaiﬁ'@j{jy soticHt ab‘%;}m was-anatyzed-by-means 70
: Kzer—An.-orgahic phase _was found to be adsorbed to
HethABRLSR SRR Ies undet EtEsperimenBaPednditions 10 used. This 26-37
Bfganic phase was extractedip#e? to the solid7analysis using CH2CI2,.
The extractable fractjon of the organic carbon was found to beg# oil
16 carbon atgms, and there for 15 compp
The oil contained 2-héxadecanone, heptadecang, 6,10- 107.0

other compounds. The total amount of oil extracted from the solids was
12.73 g and the total amount of carbon found in the oil phase was
equivalent to 10.83 g. 20 No carbon was detected in the solid product
after extraction of adsorbed olil, indicating 100 % conversion of the
organic material in the feed. Carbon balance: 25

Ilustrative example 3: Conversion of Corn Silage

Corn silage was pretreated and converted using the same catalyst and experimental set-up

as described above in example 1 and 2.

Prior to the test the sewage sludge was pretreated by sizing to less than 1 mm by cutting
longer particles by a Seepex macerator (type 25/15-I-1-F12-2) and milling by a colloid mill
(Probst und Class, type N100/E), and filtered by a screen basket filter (mesh width 1mm).

Subsequently 1.5 % by weight of potassium in the form of potassium carbonate was added

to the resulting shurry. The pH value of the slurry was 9,6.

The characteristics of the corn silage after the pretreatment was the following:

Corn silage feedstock
Dry matter content [% weight] 11.29
Inorganic fraction of dry matter [% 29.4
Weight]
Density [kg/m3] 1.0099
pH 9.6
Heat of combustion® [ki/kg] 1435

' Based on 18 Ml/kg heat of combustion for the organic fraction of the dry matter.
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Input C: Output C: Sewage sludge: 20.58g 0.54 as C 1.97 K2C03:6.78 ¢
We.28d1CWguid = 23.5% 6.3 TOC liquid 23.02 0/4 0.0 TOC s@kirmB0d6/000232

10.83 Cinoil 39.58% E 27.36 24.1 cagversion 88.2 Energy balance: 30

Component Heat Value Amount Energy Fraction [k)/kg] [g] [% o :f input

with feed ] WO 2006/117002 PCTIDK2006/000232 34 Feed sludge 476

. Hydrogen 103.0.07 2.40 Methanol
T 4 s YOS P e s e bone,
S RLAHIR0 o5 CRRBITS R B by RS PRy Ol RSB as
Gsrettearaly sindf dhavertedemifgatreame ealtalysiraad experimental, $et-up were
posseeseribedaabaviers wyampler IRt ke d0r BaFIQ NG, SR eI ceM@IR enols were

n%%ﬁﬂﬁ%ﬂ%%%ﬂ&%bé{r%ﬁ&g to less than 1 mm by cutting longer
particles by a Séepex macerator (type 25/15-1-1-F12-2) and milling by a

colloid mill (Probst and Class, type N100/E), and filtered by a screen
Thasketfirder wrattrividtihe oom)sikl Stdeseaguivtys bade by, weightiraf the foilowing
cpetgsstym: in the form of potassium carbonate was added to the resulting
slurry. The pH value of the slurry was 9.6. The characteristics of the corn

silage after the pretreatment was the following: 20

Corn silage dry matter

TC [mag/ka] 325000 Mo [mg/kal 7.82
TOC Img/kg] 315000 N [ma/kg] 6960
Al [mg/kg] 233 Na [mg/kg] 825
Ca [mg/kg] 2023 INi [mg/kg] 11.1
Cl [mg/kg] 168215 [ma/ikgl <01
Cr [ma/kg] 2815Si [mg/kg] 2090
Fe [mg/kag] 45711 Zr [mg/kg] 2.24
K [mg/kg] 112350

140 g/h of the pretreated sewage sludge was pressurized to 250 bar and heated to 230 C
in the pre-heating step. This stream was mixed with 377 g/h of pressurized water heated

to a temperature so as to obtain a substantially constant temperature of 350 + 5 C after
mixing.

The mixed flow was subsequently contacted with the heterogeneous catalyst in the
reactor. The feed to water ratio translates into a water to feed ratio of 3.75:1, and the
total flow of 517 g/h translates into a contact time of 3.3 minutes.

After the contact with the heterogeneous catalyst, the fluid containing the converted
organic material was cooled to ambient temperature, filtered through a particle filter for
collection of suspended particles, and expanded to ambient pressure. The liguid fraction on
the stream is collected in a liquid trap, and the gas is vented off.

The experiment resulted in four product streams, a gas, an agueous product, a free ofl

phase and a solid precipitate. Samples for analysis was collected for a period of 16 hours.



Corn silage feedstock Dry matter content [% weight] 11.29 Inorganic

witpgiin phery matter [% 29.4 Weight] Density [kg/m3] 1.0099ppH/ 880061000232

Heat of combustion' [kJ/kg] 1435 Ba§%d on 18 MJ/k,- heat of combustion
for the organic fraction of the dry matter. WO 2006/117002
PCT/DK2006/000232 35 The inorganic content of the dry matter was
mainly the added potassium carbonate, accounting for approximately 3/4
atter inorganic compounds. GC-MS analysis of the corn silage
feedstock revealed numerous compounds, but all were 5 present in

Tensenyationsiogalopnier ideatificatianRaticylatyaromatics like phenols

carn silage feedstock was an

were not found in any significant amount. The dry matter content of the

1%6W§fﬂ§e dry matter TC

lyzed, reve
[mg/kg] 325

ling the following composition:
000 Mo [mg/kg] 7.82 TOC

[glkglea 156004 [mg/kg] 69

50 Al [mighk

y] 233 Na [mg/kg] 825 Ca

et 20Z3dN Vg ot Tt

29 Si Ima/kal-209__Fe fmr‘i/l(n

Ctmgy
4571 Z.Im

kgi 1682 S [mg/kg] <0.1 Cr [mg/kg]

qc/:ﬁ%?l?ﬁgoﬁ\%i'r%ea%ﬂ sé\;R/age

sludge Q/&/g&

/kg] 2.24 K [mg/kg] 112350 140
pressurized to 250 bar and

héetteahed BB0%€E] in the pre-hé

pating Sicis

This stream was mixed with 377

gé&@iﬁ@{@@ﬁuﬂ?_ed Water heatgd to aotg@ perature so as to obtain a
Dtltlﬁgl.all tad fyponstant-tempet ratare-0f-350 5 C after 15 mixing. The mixed
flow \Wwa subsgouentlv contacted wit% el heterogeneous catalyst in the
rBERRBRS THA-f¥ed to water ratlo transf®8s|into a water to feed ratio of
Prapdnanehithg ] 0.05

Cd-compounds [vol.%)] 0.00

Total [vol. %]:

Total amount of carbon, g 15.2

Liguid analysis

10 The analysis of the liquid phase revealed the following results:

Liquid analysis

pH

8.30

Total Organic Carbon (TOC), [ppm by weight]

2105

Total Inorganic Carbon (TIC), [ppm by weight]

201

Total Carbon, [ppm by weight]

2305

Methanol [vol %]

1.64

Ethanol [vol %]

0.27

Acetic acid [ppm by weight]

5185

Formic acid [ppm by weight]

2206

Glycol acid

10470

Acetaldehyde [ppm by weight]

115,0

Total amount of carbon in liquid

40.1 g

The inorganic carbon content in the liquid was found primarily to be due to the presence of

carbonate,
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total flow of 517 g/h translates into a contact time of 3.3 minutes. 20 After

wiheoeontaeiavith the heterogeneous catalyst, the fluid containimg i 2066/060232
converted organic material was coolgd to ambient temperature, filtered
through a particle filter for collection of suspended particles, and
expanded to ambient pressure. The liquid fraction on the stream is
collected in a liquid trap, and the gas is vented off. 25 The experiment
resulted in four product streams, a gas, an aqueous product, a free oil
Sgli I5a solid precipitate. Samples for analysis was collected for a

period of 16 hours. WO 2006/117002 PCT/DK2006/000232 36 Gas

Tﬁ@%%d%%&?oﬁ&‘%%@n@f g@%@éﬂéﬁ‘of%vf%%@qa%%rfog vé%g RSWISAAR: phase

Ga SLS Hyd q ?]I 7.5 Carbon dIOXIde vol. %] 4 Carbon
Wr%%noéjﬂg o[vola %%‘3) BEQRESRILT, RATH 85 éﬂée[ﬁ?é‘?e%ﬁ‘%i"b% conditions

UERHane [vol. %] 0.06 Propene [vol. %] 0.25 Propane [vol. %] 0.05
C4-compounds [vol.%] 0.00 Total [vol. %]: Total amount of carbon, g 15.2

ng%melmel&amfw&@ ?rﬁfr%etﬁgl&g 8@9@&4@@?@@?8 fol'l%v%'&gcractable

results: L d analysi 0 Tatal Organic Carbon
RS Yo FRa ﬁ%?g maséavﬂa&%ﬁtﬁn[ﬁ\bﬁ%@m@fa}?ﬂﬂmnﬁﬁwp of
sgiarpbrt (gradeybardgrith 200N length of 12 to 16 carbon atoms, and there for
comparable to fuel or diesel oil. The ol contained phenol, toluene, 4-ethyl-phenol, 4-ethyi-
3-methylphenol, cyclopent-2-ene-1-~one 2,3,4 trimethy! , 2-methyl-1-penten-3-yne and
other compounds. A sulphur analysis of the oil showed that the oil phase was essentially
free of sulphur.A similar analysis for halogen compounds showed that the oll phase was
essentially free of halogen. The total amount of oil extracted from the solids was 14.76 g
and the total amount of carbon found in the oil phase was equivalent to 12.55 g.

No carbon was detected in the solid product after extraction of adsorbed oil, indicating 100

% conversion of the organic material in the feed, The same result can be concluded from
the carbon balance below:

Carbon balance:

Input C: Output C:
Corn silage feed: 82.19 ¢ 15,2 g gas C = 185%
40.1 g TOC liquid = 48.8 %o
0.0 TOC solid = 0.0 %
28.35 ¢ Cinail = 34.5 %
2.82,19¢g 2.83.62¢g conversion => | 101.8%
Eneray balance:
Component Heat Value Amount Energy Fraction
{kl/kg] [g] [% of feed energy content ]
Feed sludge 476 2240
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Methanol [vol %] 1.64 Ethanol [vol %] 0.27 Acetic acid [ppm by weight]
wob88s/@bmic acid [ppm by weight] 2206 Glycol acid 10470 AgetgidebMdRoza2
[ppm by weight] 115,0 Total amouné’gf carbon in liquid 40.1 g The
inorganic carbon content in the liquid Was found primarily to be due to the

nracoanoo. .o oy o

analysis 5 The solid fractions was analyzed by means of a total carbon
HK@998R. An organic phadé®was ﬂound to BéAdsorbed to the inorganic 1.6
pattisles under the experimergabdonditions gused. THiS 6rganic phase Was.g
EFiLaGed prior ty t'ne_ sotid %E'@@' i +2—,~;Fhe~ext-l°aetab’re—i:e-—4~2—
fraction of the_organic.carbon-was found to_he. dn ail phase, primarily i

EOIRSIARY of salurated hydfb8Pbons with®%hain length of 12 to 16~ 104
éasboratdoms, and there far8gdhparable ta.fage| or diesel oil. The oll 6.5

gRntained pnenql, toluene, Z- gy IFpheroh Zgityt=3=methyiphenot, A5

evielenant-2 oconetll - Aane 2.2 4 trim. =] e 3
b_y\IIUPbIIL o CTTOU T L UTTU 570, rirrTe [}
compounds. A sulphur analysis ofithe oil showed that the oil phase was

&ggantially 15 frée of sulphur.A similar analysis for halogen compounds 85.7
showed that the oil phase was essentially free of halogen. The total
amount of oil extracted from the solids was 14.76 g and the total amount

of carbon found in the oil phase was equivalent to 12.55 g. No carbon was
detected in the solid product after extraction of adsorbed olil, indicating

100 20 % conversion of the organic material in the feed. The same result
erInibeponakiceed iiagatbegriBenshalanterhelou-GRINO B hAlANESe e Rvention.
Input C: Output C: Corn silage feed: 82.19 g 15,2 as C = 18.5% 40.1 TOC

li uid 48.8 % 0.0 TOC solid 0.0 %
The term hydrocarbon fuel is in the present invention intended to define all hydrocarbon

based fuels, which may or may not comprise other elements than carbon and hydrogen,
e.g. some of said hydrocarbons may comprise oxygen and other elements e.qg. in the form

of groups of alcohols, aldehydes, ketones, carboxylic acid, ester, esthers etc. and reaction
products thereof,

The membrane processes of the present invention is well known In the prior art (e.g. W.S.
HO et al, "Membrane Handbook”, Van Nordstrand Reinhold, p. 103-132,p.263-446,

1992, ISBN 0-442-23747-2, K, Scott, "Handbook of Industrial Membranes” Elsevier
Science Publishers, 1995, p. 3-163, p. 331-355, p.575-630, ISBN 1 85617 233 3)

The surface areas referred to throughout this specification and claims are the nitrogen BET
surface areas determined by the method described in the article by Brunauer, P. Emmett
and E. Teller, J. Am. Chem. Soc., Vol. 60, p. 309 (1938). This method depends on the
condensation of nitrogen into the pores, and is effective for measuring pores with pore
diameters in the range of 10 A to 600 A. The volume of nitrogen adsorbed s related to the
surface area per unit weight of the support.

It is well known in the prior art that the activity of a catalyst is proportional to the surface
area (BET), and that Cat:alysts may show a significant activity drop over time, when
subjected to e.g. hydrothermal conditions as used in relation to the present invention. In
order to minimize such potential activity loss a surface area stabilizer is Incorporated
intothe heterogeneous catalyst.



28.35 Cin oil 34.5 % E 82,19 E 83.62 conversion = 101.8 % Energy
WHakesa B Component Heat Value Amount Energy Fraction I&@zlee00232

feed energy content] Feed sludge 4#6 2240 WO 2006/117002
PCT/DK2006/000232 38 Hydrogen 240,103 0.07 1.6 Methanol 19,918
28.9 17.9 Ethanol 28,200 4.20 4.2 Glycol acid 14,400 0.41 10.4 Acetic

rREG IQ!JC? Pg QQ\IA‘S?QD(?O%UQIMEI&%QQ 1511‘(2 %si?n‘:l .v?augjfe8[§é3e? é‘ggltslg.nﬁl%mgﬁses
ollowing are definitions used In tehe deseripton of the presen?lnven lon.

%H%—"’taﬁ% NS TRENLIH T e dah: HFaHtBnsHEeRdatrEdBie all
hydrocarbon based fuels, which may or may not comprise other elements

5 than carbon and hydrogen, e.g. some of said hydrocarbons may

comprise oxygen and other elements e.g. in the form 10 of groups of
alcohols, aldehydes, ketones, carboxylic acid, ester, esthers etc. and
reaction products thereof. The membrane processes of the present
invention is well known in the prior art (e.g. W.S. HO et al, "Membrane
Handbook", Van Nordstrand Reinhold, p. 103-132,p.263-446, 15 1992,
ISBN 0-442-23747-2, K. Scott, "Handbook of Industrial Membranes"
Elsevier Science Publishers, 1995, p. 3-163, p. 331-355, p.575-630, ISBN
1 85617 233 3) The surface areas referred to throughout this specification
and claims are the nitrogen BET surface areas determined by the method
described in the article by Brunauer, P. Emmett 20 and E. Teller, J. Am.
Chem. Soc., Vol. 60, p. 309 (1938). This method depends on the
condensation of nitrogen into the pores, and is effective for measuring
pores with pore diameters in the range of 10 A to 600 A. The volume of
nitrogen adsorbed is related to the surface area per unit weight of the
support. 25 It is well known in the prior art that the activity of a catalyst is
proportional to the surface ‘



area (BET), and that catalysts may show a significant activity drop over
time, when subjected to e.g. hydrothermal conditions as used in relation
to the present invention. In order to minimize such potential activity loss a
surface area stabilizer is incorporatég intothe heterogeneous catalyst.
WO 2006/117002 PCTIDK2006/000232 39 Red Mud is a waste product
of bauxite processing via the BayesAdMBess. It comprises oxides and
hydroxides of mainly aluminium, iron, titanium, silicon, and sodium. 5 40

1. A mE AN & DIREIDAH 5 ep RN AR, RATISMAIERL0I I AHORABN s
uefs, comprising the steps of: pressurising said organic raterial eing In

off  afluidto a pressure above 225 bar, heating said organic material in said

- presdiiel o setemperatunetabeviecPQ0Gifitile presersserefabolioigeeous

- heatiGgtadysbegmprisiig-Ricarenevind ob atdeast anerelepeptobarenphAREBR . of

a homé’?eék%%l%té‘aqg‘?ygi glements, whskeln e nethod rr#@%ge‘%%'%?@?%%%ex,t\ of the

~ steps of: - contacting said organic material in said fluid with a
periodir a8 JE RETL Eatalyst comprising a compound of at least one element
whereigfteoupth¢B fof ther periodiessabkestent/of :alpha-alumina - assuring that
- contRAIAGMHd bassndialy phhvalueolabeye Reandjaalblainig fhecaipraiug a
compo%fmséﬁ%tf 'MQFQP&%&%%&%@ Jangamatgrialin the E%P@%Za}é aﬁHHQ-SﬁN{lna
the range 7-12, and - pre-treating the organic material at a pressure o
- assupngaheh satiHE deparaRIe P 0647 6C°48Y @ pAi0d G BB ASIFS Anglue of
said flyidhepainitiig st@p ofgerectrezigng! cotprisesahe stepuwhadding caduitivesitad and
the fluid, and wherein the step of pre-treating comprises the step of
- pre-GERING. e A of sald Mid qomprising 23id prosniz.maleralio AOOYRd s 7oec
2. A method according to any of the preceding claims, further comprlsmg _
for a pErit Bt SR Bt N ERY HERGRF SR HRIRTEALEB R ISS Y DF R CT 29ding
additiyereiceiding dthians! furthen coepesingrseperziting ofmpasds|gwx 4ieA ehethogting
the pHRSCIEING t0-any @fitacs precrling 6laisns furthrreomprising a first step of
cooling the fluid. 41

2. A method according to any of the preceding claims, further comprising a second step of
heating the fluid.

3. A method according to any of the preceding claims, further comprising separating of

particles.

4. A method according to any of the preceding claims, further comprising a first step of
cooling the fluid.



5. A method according to claim 4, wherein the first step of cooling is
performed by heat exchanging with the first step of heating and/or a step
of pre-heating the fluid in the pre- treating step. 6. A method according to
any of the preceding claims, further tomprising a step of separation gas
from the fluid, such as fuel gas and wherein the fuel gas is used for
5. A matetdnrthet figidoin!athe secortdihgbeingssspp of Aomethotbadoordiddpichasty
exchar@fitfevRreeRding ctajims. Hesther sRmprisigacsieR-akblrating Abe fiddyir.-
treatmg/g{g%and water soluble organics from oil and water soluble salts in a first
membrane-filter. 8. A method according to claim 7, further comprising a
second step of filtering water soluble organics from the water, such as an
6. A mpthrificationdofoniedrandl theapsecotith rembbrdnefdtercriridimetisoeb of separation
gas freAGCREINE faudiaim {iarfswWhereiraaicdiang.er Jaore imemarangfterse fuid in

the seé%lﬁ'%fﬁ ggll%cégéjpfrom the group of membrane processes comprising
- ultra- ﬁtratlon, nano-filtration, reverse osmosis or pervaporation or a

combination thereof. 10. A method according to claim 8, wherein the water
7. A mafitbavaterrdoigibtesorgeiics afterdimg Secondiifteemepstepsisdransiprnétdrating
the flulBtRErinkable.watee e RS At eNRRSRI0s RIS 2diuAdNBIROE a first
memb%%%qgﬁj(@g to claim 7, Whereln .the water soluble organic comprising up-
concentrated methanol is re-circulated to the pre-treating step. 12. A
method according to any of the preceding claims, wherein the step of
8. A metmdctny e organic matahal irothier i avitrenbeterogefieoing catady sbiubie
organits PRHOIRREch R e s Jem paraitiieois kentsvhsiantialy-eaastaft oA -filter.
wherein the temperature in the step of contacting is in the range 250-374
C, and wherein the pressure is in the range 225-350 bars. 13. A method
9. A MELRASH TG T Uy SttHe DRESadIRGTEIAIRAY, WhePEIR BAR BRIPRGR R ERTRIY 352
selectqgbitenintfesytharrlO #nihtres pideAsasattiod decording it ratiyrofrdve -filtration,
reversPIQSRSIRGEIMSp¥RBERIBthe sampaund:ptalleast one element of group
IVB of the periodic table comprises zirconium and/or titanium on an oxide
and/or hydroxide form or a combination of the two. 42 15. A method
10 A medding g 18 WherdIRranIEAREEH 6P the¥enTabiNfivrar feflter the
secondpfitedleraentiofgrolp B ottherperiddicabdiaris orreestlphatese osmoesis.
sulphide form. 16. A method according to any of the preceding claims,

11. » Wherein he heterogeneous, catalyst fyrther comprises atleastone
clement sffecté%rfrom the group conesis%mg of I%e,elé{,gé%'? &l Prsing ue
concentrated methanol is re-circutated to the pre-treating step.

12. A method according to any of the preceding claims, wherein the step of contacting the
organic material in the fivid with & heterogeneous catalyst is performed whiie the
temperature is kept substantiaily constant, and wherein the temperature in the step of
contacting is in the range 250-374 °C, and wherein the pressure is in the range 225-350
bars.

13. A method according to any of the preceding claims, wherein the step of contacting is
done in less than 10 minutes.

14. A method according to any of the preceding claims, wherein the compound of at least one
element of group [VB of the periodic tabie comprises zirconium and/or titanium on an oxide

and/or hydroxide form or a combination of the two.



Cr, W, Mn, Mo, V, Sn, Zn, Si in an amount up to 20 % by weight, or in an
amount up to 10 % by weight, or in an amount up to S % by weight, or in
an amount up to 2.5 % by weight, ang wherein these elements are on an
oxide and/or hydroxide form. 17. A fifethod according to any of the
preceding claims, wherein said heterogeneous catalyst is at least partly
15. A rgeftedresddriagdaciaimwifereie saichreeator atafikeridsatbpeactef 21 8:2Af one
elemernethpelaoser dmgd@amuef thediceedisgtiatns, whereis said.
heterogeneous catalyst comprises at least one surface area stabilizer
selected from the group conS|st|n% of Sl La, Y or Ce or a combination
16. A DR8P SGRENASRTAYS BTd MU ECE e L SR VB TR AR SR SBRRyG Fetalvst
furthengeerPeesb e arsigng, oe it ahseftsttil & ambBthy P ReAB %4 hy siEryHY dranCy,
Cr, W, i, effecliveramountitigtehsube by weight, by iNsahgftective ameunt Wpie10 %

by Weigh{o Q%Nvﬁkgel?ﬁo%%p% %ffc‘?%'\‘/ %@%UBF THOQH QrReantoyeeighy, p We?d?w and

effective amount from 1-3 % by weig A method according to any of
Where'fh@ﬁ?%@é%ﬂﬁé’télgfﬁwgﬂ\ﬁﬂé%ﬂ? 5&%’Wetfép6‘§féﬂﬁc§?f§‘catalyst has a BET

surface area of at least 10 m2/g after 1000 hours of use, or a BET surface
17. A meegoafzaddenst 2bam2ig aftes-toirotisef usarenadEdestidace-ateaskiyst
is at |e§£ %%%?590’51% [9eafter, 1990 Doy Al Vse, QL A-RF € Surface,aleaplgt least

2/g after 1000 hours of use, or a BET surface area of at least 150
m2/g after 1000 hours in use, or at a BET surface area of least 200 m2/g
18. A mftéotiGo0chdnestinanyen 20e Rretethiod Gaootdivptemaydheierpgecedingatalyst
comprRlgins ccempdsingdhe-stepsofie-eireuleding rearboaaies araershygdreusnta, v
or Ce &2 5%%%%@9‘Eh‘@%%‘%e%H‘%rFé?%eﬁ{@E&@a%fesa@Q ) 99981‘%? aﬂ%‘#%mve

dro en carbonates is/are at least 0 WEIgBt or at least 1

amo“%ébeﬂ & éYthe%tgf%/oOBy\ﬁ&GﬁFCHP’ %P@&%F%‘% yl%e’f’gﬁ\f oy %Ttle%si%a“
effectiog pypoveighn, tor/at ekt Behly avéight eXecivenatiuetadededin oy argjaof, or in
an effdb@/Praaeding-craims, compriskgH @ sieprobretiielatngt atdeast pRehy

Weigh@|00h0|, wherein said at least one alcohol comprises methanol. 22. A

method according to claim 21, wherein the methanol content in said fluid

is at least 0.05 % by weight, or at least 0.1 o/ by weight, or at least 0.2 %
19. A pyivedgrcudinortatieast 08 pbydivaiglatner atieraét eaBlVeethemsiUsycatalyst
has a BEIghtrafairleast 4 Wby weight. a3 Aontethndsagonreling deanyofibearea of

at seasl@r%%i[bga%ﬂT@@&%‘&E‘%‘P&H‘%F'Eeé’é?fsﬁﬁ%%'ég%'r%%”& & flug %W@'@&er 1000

rogen, and wherein the h drogen content of said f|UId correspon

hours 8%/]55596 0BT R B WG o ?ﬁé@%&ﬁ%ﬂ S BrHAnid ﬂ%?e‘?fa‘ﬁ% g2 BET
surfacgrepted oF ekt 000D tBy VSig heefstifeusmouritof BETdsortranierea of ieast
200 mingtemial todeHseateses.0.1 % by weight of

20. A method according to any of the preceding claims, comprising the step of re-circulating
carbonates and/or hydrogen carbonates, and wherein the concentration of said carbonates
and/or hydrogen carbonates is/are at least 0.5 % by weight, or at least 1 % by weight, or at

least 2 % by weight, or at least 3 % by weight, or at least 4 % by weight, or at least 5 % by
weight.

21. A method according to any of the preceding claims, comprising the step of re-circulating

at least one alcohol, wherein said at ieast one alcohol comprises methanol.

22. A method according to claim 21, wherein the methanol content in said fluid Is at least
0.05 % by weight, or at least 0.1 % by weight, or at least 0.2 % by weight,



the amount of said organic material to be treated, or 0.2 % by weight of

the amount of said organic material to be treated, or at least 0.5 % by

weight of the amount of said organlc material to be treated, or at least 1%

by weight of the amount of said orgar?flc material to be treated. 24. A

method according to any of the preceding claims, comprising the step of
or at leestifctilting wetthie astad e sablib Ky lroeatichcs g wtilgasboneleasboxglicy weight.

acid comprises at least one carboxylic acid having a chain length
23, A G R e At Qe v S5 A mALAy g etng
a fluid £AATBINRAEA I BIFE 1@RB HE 258 té.‘@l@&%f%ﬁé aRieeRide éﬁd/ﬂiﬂ“%ﬁ%@ﬁp@ﬁ@s to
at leakét@ie eomprisehiaticastoneddéhydearmdfarratieastone ketare hadngast
0.01 % W@J&dﬁf‘er{éOeEFﬁ&BQ"lﬁ'E‘Q&Qﬂgéﬁ&%‘?’a@@r?&%%af’l%‘é@@e&?'ﬁ‘ §a)9t§r1weight of

leas e and/o at le st one ketgn omprises o ma ldeh
the améaﬁlcrf}o?%g'e%é:ioge%i 236" {hag %)rgetrea |n§ 'ste 8 5? MRS AR IR T b of said
Orga”‘éﬁ@FB‘frfﬁbt‘bR?c‘%Gﬁﬁ@dcl%”ﬁfs',e\ﬂﬁﬁé}érﬁ’/ftﬁé( M@ﬁagéﬁmaﬁt said organic
materigbmpirsesspaiassiamneand/or spdidighantwherstuthefhamaeageneousaterial to be
treate@atalyst comprises one or more water soluble salts selected from the

group consisting of KOH, K2C0O3, KHCO3, NaOH, Na2CO3 or NaHCO3

or a combination thereof, and wherein the concentration of the
24. A RGHBEEREYHS 8 Attt 35 BEI e BIA B v eight i Teastaraf g circulating

weig i zsir @atd eastckyBibyoneigh, airlatdeast 200@bycveeightrosrabeve R4t one

oLV SNt aTal IeRSt A I Rh IRt 2B %%9%%995@@%@% Qbid at

the grecedm clams hereln sal fluid cog}n I4e]:s water in, a

clc?r?cen ation of at Ieastcf?.B1 AR y Wé?&lﬁta% tﬁce&'céégordlng to any of

and/okhe claims 22-26, wherein said at least one carbonate and/or at least one
hydrogen casloteitedanadiivabicastione aleohe| and/er atieaskanézhyde and/or
cafb@agfl&@@4%@&%@%@@%@@%@%%@@@Q/Q&s’c}«felﬁa&gg&eo\ﬁ@tﬁ)&%dé havin
at Iehast Qartl% Frpi‘elsjcg%’%aihe c{onv%rs#‘oant of sa| vg?nlc mat§r|a ant
wherein sa TESSE8e Chrbonate 44" analor at %gﬁs one
caltBafe ANEr6 P attRA St B KRB ke M anigRsT fat Wé’é@?‘@ﬁj@ w&jo@ﬂ%aé‘éﬁmde

to the anelforailgastone aldehyde and/or at least one ketone is re-circulated
after the step of contacting. 28. A method according to claim 27, wherein

25, A BligR3tpart of 2 stream of said regireulation is mixed in & ratio with a feed «
n}ream (6] SaldqﬂUId Ca/m rsi sald”hqomo eheous caEa‘f s?a 8 4
comprises potassium and/or sod: um and wherein the homogeneous catalyst comprises one or

more water soluble salts selected from the group consisting of KOH, K,CO5, KHCO;, NaOH,
Na,CO; or NaHCO; or a combination thereof, and wherein the concentration of the
homogeneous cataiyst is at least 0.5 % by weight, or at least 1 % by weight, or at least 1.5
% by weight, or at least 2.0 % by weight, or above 2.5 % by weight, or at least 4 % by
weight.

26. A method according to any of the preceding claims, wherein said fluid comprises water in
a concentration of at least 30 % by weight,

27. A method accerding to any of the claims 22-26, wherein said at ieast one carbonate
and/or at least one hydrogen carbonate and/or at ieast one alcohol and/or at least gne
carboxylic acid and/or at least one aldehyde and/or at least one ketone is at least partly

produced by the conversion of said organic material, and wherein said at least one carbonate



organic material to be converted before entering the catalytic reactor. 29.
A method according to claim 28, wherein the ratio of the re-circulating
stream to the feed stream of said fluid is in the range 1-20, or 1-10, or
within the range 1.5-7.5, or in the ra‘ﬁdge 2-6, or in the range 2.5-5 by
volume. 30. A method according to any of the claims 17 or 27 or 28,
and/onghéredh said ydaaten withotmaterodenetusssatalyst wisubjedieddbleast one
ca rboxv@@w@@waadmwgeslﬁyré%%wﬁt@hwr%wacm Q@E@ﬁ#ﬁé&@&rcﬁla@ed aafter
etho ing to claim 30, wherein said treatment with hot pressurise
the Stevr%/]gtpe}foﬂg%sgﬁg%uration of less than 12 hours, or a duration of less than 6
hours, or a duration of less than 3 hours, or a duration of less than 1 hour,
28. A mathwhareindihe int@eval e twiesnisatheagapaent adthehot presisursedutiation is
mixed Weielztfoal iPastN oS0 ba ARP8LILZ OIS R MileRsSHd4dnenls, Qkalst and
organilSAELONS Wesk 3%.Amethod acearding,to apy of the preceding claims,
whereln said organic material is selected from the group consisting of
sludge, such as sewage sludge, liquid manure, corn silage, clarifier
29. A sleftige, dotackitiguokiaesiddiesHeosm feremehtatio e esiduesdriomguizen to the feed
streanPERAHEEIAMAESHHRSHiE £dibeoll-RrodGlRRNreriddesOMArslitand the range
2.6 oYeugtable é)er%cgﬁ%sijn solesidues from food and drink production, leachate
" “or seepage water o a combination thereof, and wherein said sludge is
sludge from a biological treatment process. 33. A method according to any
30. A okthedchairng vBIG wiverkinesdadrosdanic Afaterid) isistoedgeafdorraovastd
heterodEHBHIECRHIIOR BracesSSe840 A fRaIHAEhACABdIPEHR Galted 2y dietete-selected
intery g@_id biological treatment process is part of a waste water treatment
process. 35. A method according to any of the preceding claims, wherein
said organic material comprise a mixture of sludge, lignocelulotic
31. A metteriblsoroiaste. AB38, Arhemparatdsriatoemvertindg etrporgruniesd water has a
duratisRaerdat ienhydrecasbans suehi@s Anal tHEANBPKISIRY: naPI8GRRYESSIRLS than 3

hours,sé/rs gemrg‘ggnaop@sqs%taerf%\éell".y asf¥§ t\sﬂé’{é%igk}%r%-tl%%pa\{ebresrj‘gges sstgg!mcreatment
—‘comprises - means for supplying organic material to a pre-treafing unit, - a
with bt @reastiifg LRGP B atifg A PHEEsAreoEast S h AP YEHRE Brisperateye: or at

least oh@O~EFRC for a period of 0.5-2 hours, said pre-treatment unit comprising:
- means for pressurizing said pre-treating unit to a pressure of 4 - 15 bar,

32. A method according tc any of the preceding claims, wherein said organic material is
selected from the group consisting of sludge, such as sewage sludge, liquid manure, corn
silage, clarifier sludge, black liquor, residues from fermentation, residues from juice
production, residues from edible oil production, residues from fruit and vegetable processing,
residues from food and drink production, leachate or seepage water or a combination thereof,

and wherein said sludge is sludge from a biological treatment process.

33. A method according to any of the claims 1-31, wherein said organic material is sludge

from a waste water treaiment process.

34, A method according to claim 32, wherein said biological treatment process is part of a

waste water treatment process.

35. A method according to any of the preceding claims, wherein said organic material

comprise a mixture of sludge, lignocelulotic materials or waste,



- a heat exchanger for heating the fluid in the pre-treating unit to a
temperature of 100-170C by heat exchange with the fluid from the
pre-conversion system before entering the product recovery system; -
means for size reducing of the orgaﬁ?c material such as a cutting,
grinding, milling or sieving step or a combination thereof; - means for

36. Anzfdrichusffadditvesinoarm adjigstingatsitizdjusting thes pldnsaduentesaavalile

compridp@ve 7; and - separators and filters for forming a recirculation stream

o pre OTIRIRRGMRIET SO AIAARIER SN B0 gloohos AldRIN e Kptene
and/or carboxylic acids and/or 46 carbonates an 16rhy d?ogen

CoOmMPrigathonates and/or least one element of group IA of the periodic table of

- meang dpnente inaid roducttrsed e ry Isysteratin@deiding pump for

- a prePiessidzing spigtilig ontaining safdifivicheempiising §RILLRIGARIG 00-170°C for

a peri BRI NEDIE, H%@éﬁe%qwné%tam SRSHLE,Qf above 225 bar; - a first

heating unit for heating said flui contalnln Said fluid comprisin sald
org&nic fﬁ{d%@?%&%%ﬁ%%ﬁéﬁ@é'w% ViBiie FRSHIRIE %maa
retoeerexmisihEfolerinerttesdtiad! e at é)ech%g@atmgaumtpmatrteatmemme of

a0d-beforeny eaterexeait Y OUCHHE ML RY SHaMDic-BoReeRNth ROAUIRY Binl-c
%g&;gg ﬁfée[grgg&glggé&gﬁlg&gs%%t and before said catalyst reactor in the

feeding direction; and - a mixing point situated before said second heatin
urﬁ‘le%ﬁé?éuﬂzméeﬂﬁfd“ﬁ%t%%&f R8I AR GHSTHeCHitRSH Hifidiag, milling or
reRirealBng streambofgyart ofetieeffluid from said catalyst reactor.

- means for addition of additives;

- an adjusting unit adjusting the pH value to a vaiue above 7; and

- separators and fitters for forming a recirculation stream comprising water soluble

organics such as alcohols, aldehydes, ketenes and/or carboxyiic acids and/or
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carbonates and/or hydrogen ca.rbonates and/or least one element of group IA of the
periodic table of elements in said product recovery system;
- a feeding pump for pressurizing said fluid containing said fluid comprising said organic
material in the pre-treatment unit to a pressure of above 225 bar;
- a first heating unit far heating said fluid containing said fluid comprising said organic
material by heat exchange with the fluid from the product recovery unit before it enters the
heat exchanger in said pre-treating unit and before it enters said product recovery system;
- a second heating unit situated after said first heating unit and before said catalyst reactor in
the feeding direction; and
- a mixing point situated before said second heating unit, wherein the fiuid from said first
heating unit is the mixed with a recirculating stream of part of the fluid from said catalyst
reactor. |



