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DESCRIPTION

BACKGROUND

1. Field of the Invention

[0001] Generally disclosed herein are processes and systems for separating bio-gasoline, bio-
diesel and bio-fuel oil fractions from a bio-oil. More specifically, the invention relates to a bio-
gasoline composition comprising oxygen-carbon-containing compounds and hydrocarbon
compounds, and to the production of a bio-gasoline fraction.

2. Description of the Related Art

[0002] With the rising costs and environmental concerns associated with fossil fuels,
renewable energy sources have become increasingly important. The development of
renewable fuel sources provides a means for reducing the dependence on fossil fuels.
Accordingly, many different areas of renewable fuel research are currently being explored and
developed.

[0003] With its low cost and wide availability, biomass has increasingly been emphasized as an
ideal feedstock in renewable fuel research. Consequently, many different conversion
processes have been developed that use biomass as a feedstock to produce useful biofuels
and/or specialty chemicals. Existing biomass conversion processes include, for example,
combustion, gasification, slow pyrolysis, fast pyrolysis, liquefaction, and enzymatic conversion.
One of the useful products that may be derived from the aforementioned biomass conversion
processes is a liquid product commonly referred to as "bio-oil." Bio-oil may be processed into
transportation fuels, hydrocarbon chemicals, and/or specialty chemicals.

[0004] Despite recent advancements in biomass conversion processes, many of the existing
biomass conversion processes produce low-quality bio-oils containing high amounts of oxygen
which are difficult, if not impossible, to separate into various fractions. These bio-oils require
extensive secondary upgrading in order to be utilized as transportation fuels and/or as fuel
additives due to the high amounts of oxygen present in the bio-oil. Furthermore, these
transportation fuels and/or fuel additives derived from bio-oil vary in quality depending on the
original oxygen content of the bio-oil.

[0005] US 3,836,342 discloses gasoline compositions comprising a phenol compound and an
ether.

[0006] US 2010/0223839 A1 discloses a pyrolysis process for the production of bio-oils
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enriched in pyrolytic sugars and phenols.

[0007] Accordingly, there is a need for an improved process and system for separating bio-oil
into various fractions, and using such fractions as blend components of renewable fuels.

SUMMARY OF THE INVENTION

[0008] In one embodiment, the present invention is directed to a bio-gasoline fraction
production process comprising: (a) converting biomass in a conversion reactor containing a
catalyst to thereby produce a conversion reactor effluent comprising vapor conversion
products; (b) condensing at least a portion of the vapor conversion products to thereby provide
a bio-oil having a total oxygen content of less than 15 weight percent; and (c) separating the
bio-oil by distillation into at least the bio-gasoline fraction, which can be used as, or blended to
become, a renewable gasoline; and a heavy fraction, wherein at least 75 weight percent of the
bio-gasoline fraction has a boiling point less than 205°C, and wherein at least 75 weight
percent of the heavy fraction has a boiling point greater than 205°C.

[0009] Also disclosed herein is a renewable gasoline production process comprising: (a)
separating a bio-oil into at least a bio-gasoline fraction and a heavy fraction, wherein at least
75 weight percent of the bio-gasoline fraction has a boiling point less than 205°C, wherein at
least 75 weight percent of the heavy fraction has a boiling point greater than 205°C, wherein
the bio-oil has not previously been subjected to an oxygen-removing hydrotreatment step; and
(b) combining at least a portion of the bio-gasoline fraction with a petroleum-derived gasoline
to thereby produce a renewable gasoline, wherein the renewable gasoline comprises the
petroleum-derived gasoline in an amount of at least 80 weight percent and the bio-gasoline
fraction in an amount greater than 0.1 and less than 20 weight percent.

[0010] In a further embodiment, the present invention is directed to a bio-gasoline composition
comprising oxygen-carbon containing compounds and hydrocarbon compounds, and having a
total oxygen content of less than 15 weight percent and comprising phenolic compounds in an
amount of at least 5 percent by weight, wherein said bio-gasoline composition is obtained from
a production process comprising: (a) converting biomass in a conversion reactor containing a
catalyst to thereby produce a conversion reactor effluent comprising vapor conversion
products; (b) condensing at least a portion of the vapor conversion products to thereby provide
a bio-oil having a total oxygen content of less than 15 weight percent; and (c) separating the
bio-oil by distillation into at least the bio-gasoline fraction, which can be used as, or blended to
become, a renewable gasoline; and a heavy fraction, wherein at least 75 weight percent of the
bio-gasoline fraction has a boiling point less than 205°C, and wherein at least 75 weight
percent of the heavy fraction has a boiling point greater than 205°C.

[0011] Also disclosed herein is a bio-gasoline composition derived from biomass and
comprising hydrocarbon compounds and oxygen-and-carbon-containing compounds, wherein
the cumulative amount of aliphatic and aromatic hydrocarbons in the bio-gasoline composition
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is at least 5 weight percent, wherein the amount of oxygen-and-carbon-containing compounds
in the bio-gasoline is at least 15 weight percent, wherein the oxygen-and-carbon-containing
compounds are selected from the group consisting of phenolics, furans, ketones, aldehydes,
and mixtures thereof.

[0012] Also disclosed herein is a renewable gasoline composition comprising hydrocarbons
and oxygen-and-carbon-containing compounds in an amount of at least 100 ppmw, wherein
the oxygen-and-carbon-containing compounds are selected from the group consisting of
phenolics, furans, ketones, aldehydes, and mixtures thereof

BRIEF DESCRIPTION OF THE FIGURES

[0013] FIG. 1 is a schematic diagram of a biomass conversion system according to one
embodiment of the present invention.

DETAILED DESCRIPTION

[0014] FIG. 1 depicts a biomass conversion system 10 that includes a means for separating
bio-oil into various fractions or fuel additives and blending the bio-gasoline fraction with a
petroleum derived gasoline, as a blend stock or fuel additive, to form renewable gasoline.

[0015] It should be understood that the biomass conversion system shown in FIG. 1 is just one
example of a system within which the present invention can be embodied. The present
invention may find application in a wide variety of other systems where it is desirable to
efficiently and effectively separate bio-oil into renewable fuels and/or fuel additives. The
exemplary biomass conversion system illustrated in FIG. 1 will now be described in detail.

[0016] The biomass conversion system 10 of FIG. 1 includes a biomass source 12 for
supplying a biomass feedstock to be converted to bio-oil. The biomass source 12 can be, for
example, a hopper, storage bin, railcar, over-the-road trailer, or any other device that may hold
or store biomass. The biomass supplied by the biomass source 12 can be in the form of solid
particles. The biomass particles can be fibrous biomass materials comprising cellulose.
Examples of suitable cellulose-containing materials include algae, paper waste, and/or cotton
linters. In one embodiment, the biomass particles can comprise a lignocellulosic material.
Examples of suitable lignocellulosic materials include forestry waste such as wood chips, saw
dust, pulping waste, and tree branches; agricultural waste such as corn stover, wheat straw,
and bagasse; and/or energy crops such as eucalyptus, switch grass, and coppice.

[0017] As depicted in FIG. 1, the solid biomass particles from the biomass source 12 can be
supplied to a biomass feed system 14. The biomass feed system 14 can be any system
capable of feeding solid particulate biomass to a biomass conversion reactor 16. While in the
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biomass feed system 14, the biomass material may undergo a number of pretreatments to
facilitate the subsequent conversion reactions. Such pretreatments may include drying,
roasting, torrefaction, demineralization, steam explosion, mechanical agitation, and/or any
combination thereof.

[0018] In one embodiment, it may be desirable to combine the biomass with a catalyst in the
biomass feed system 14 prior to introducing the biomass into the biomass conversion reactor
16. Alternatively, the catalyst may be introduced directly into the biomass conversion reactor
16. The catalyst may be fresh and/or regenerated catalyst. The catalyst can, for example,
comprise a solid acid, such as a zeolite. Examples of suitable zeolites include ZSM-5,
mordenite, beta, ferrierite, and zeolite-Y. Additionally, the catalyst may comprise a super acid.
Examples of suitable super acids include sulfonated, phosphated, or fluorinated forms of
zirconia, titania, alumina, silica-alumina, and/or clays. In another embodiment, the catalyst may
comprise a solid base. Examples of suitable solid bases include metal oxides, metal
hydroxides, and/or metal carbonates. In particular, the oxides, hydroxides, and carbonates of
alkali metals, alkaline earth metals, transition metals, and/or rare earth metals are suitable.
Other suitable solid bases are layered double hydroxides, mixed metal oxides, hydrotalcite,
clays, and/or combinations thereof. In yet another embodiment, the catalyst can also comprise
an alumina, such as alpha-alumina.

[0019] It should be noted that solid biomass materials generally contain minerals. It is
recognized that some of these minerals, such as potassium carbonate, can have catalytic
activity in the conversion of the biomass material.

[0020] The biomass feed system 14 introduces the biomass feedstock into a biomass
conversion reactor 16. In the biomass conversion reactor 16, biomass is subjected to a
conversion reaction that produces bio-oil. The biomass conversion reactor 16 can facilitate
different chemical conversion reactions such as fast pyrolysis, slow pyrolysis, liquefaction,
gasification, or enzymatic conversion. The biomass conversion reactor 16 can be, for example,
a fluidized bed reactor, a cyclone reactor, an ablative reactor, or a riser reactor.

[0021] In one embodiment, the biomass conversion reactor 16 can be a riser reactor and the
conversion reaction can be fast pyrolysis. More specifically, fast pyrolysis may include catalytic
cracking. As used herein, "pyrolysis" refers to the thermochemical conversion of biomass
caused by heating the feedstock in an atmosphere that is substantially free of oxygen. In one
embodiment, pyrolysis is carried out in the presence of an inert gas, such as nitrogen, carbon
dioxide, and/or steam. Alternatively, pyrolysis can be carried out in the presence of a reducing
gas, such as hydrogen, carbon monoxide, non-condensable gases recycled from the biomass
conversion process, and/or any combination thereof.

[0022] Fast pyrolysis is characterized by short residence times and rapid heating of the
biomass feedstock. The residence times of the fast pyrolysis reaction can be, for example, less
than 10 seconds, less than 5 seconds, or less than 2 seconds. Fast pyrolysis may occur at
temperatures between 200 and 1,000°C, between 250 and 800°C, or between 300 and 600°C.
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[0023] Referring again to FIG. 1, the conversion effluent 18 exiting the biomass conversion
reactor 16 generally comprises gas, vapors, and solids. As used herein, the vapors produced
during the conversion reaction may interchangeably be referred to as "bio-oil," which is the
common name for the vapors when condensed into their liquid state. In one embodiment of the
present invention, the conversion reaction carried out in the biomass conversion reactor 16
produces a bio-oil. Such bio-oil can have an oxygen content that is less than 15, 12, 10, or 8
percent by weight of the bio-oil. The oxygen content can also be greater than 0.5, 1, 3, or 5
percent by weight of the bio-oil.

[0024] When fast pyrolysis is carried out in the biomass conversion reactor 16, the conversion
effluent 18 generally comprises solid particles of char, ash, and/or spent catalyst. The
conversion effluent 18 can be introduced into a solids separator 20. The solids separator 20
can be any conventional device capable of separating solids from gas and vapors such as, for
example, a cyclone separator or a gas filter. The solids separator 20 removes a substantial
portion of the solids (e.g., spent catalysts, char, and/or heat carrier solids) from the conversion
effluent 18. The solid particles 22 recovered in the solids separator 20 can be introduced into a
regenerator 24 for regeneration, typically by combustion. After regeneration, at least a portion
of the hot regenerated solids can be introduced directly into the biomass conversion reactor 16
via line 26. Alternatively or additionally, the hot regenerated solids can be directed via line 28 to
the biomass feed system 14 for combination with the biomass feedstock prior to introduction
into the biomass conversion reactor 16.

[0025] The substantially solids-free fluid stream 30, also referred to as bio-oil, exiting the solids
separator 20 can then be introduced into a fluids separator 32. In one embodiment, it is
preferred that the bio-oil 30 entering the fluids separator 32 has not previously been subjected
to a deoxygenation process such as, for example, hydrotreating. The fluids separator 32 can
be any system capable of separating the bio-oil 30 into at least a bio-gasoline fraction 34 and a
heavy fraction 36. Suitable systems to be used as the fluids separator 32 include, for example,
systems for affecting separation by fractional distillation, heated distillation, extraction,
membrane separation, partial condensation, and/or non-heated distillation. In some cases, it
may be preferred to employ heated distillation to affect separation, where such heated
distillation raises the temperature of the bio-oil 30 above 100°C. As shown in FIG. 1, non-
condensable gases 38 may be removed from the fluids separator 32 and, optionally, recycled
via line 40 to the biomass conversion reactor 16 for use as a lift gas.

[0026] The bio-gasoline fraction 34 exiting fluids separator 32 can have a boiling range
comparable to petroleum-derived gasoline. The heavy fraction 36 exiting fluids separator 32
can have a boiling range comparable to petroleum-derived distillates.

[0027] The boiling range of the bio-gasoline fraction 34 can be such that at least 75, 85, 95, or
100 weight percent of the bio-gasoline fraction 34 boils at a temperature of less than 205°C.
The boiling range of the heavy fraction 36 can be such that at least 75, 85, 95, or 100 weight
percent of the heavy fraction 36 boils at a temperature greater than 205°C.
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[0028] The bio-gasoline fraction 34 can have a mid-boiling point in the range of 50 to 200 °C,
70 to 180 °C, or 80 to 160 °C. As used herein, "mid-boiling point" refers to the median boiling
point temperature of the relevant fraction, where 50 weight percent of the fraction boils above
the mid-boiling point and 50 weight percent boils below the mid-boiling point. The heavy
fraction 36 can have a mid-boiling point in the range of 210 to 700°C, 220 to 410°C, or 230 to
400°C. The heavy fraction 36 can have a mid-boiling point that is at least 100°C, 125°C, or
150°C greater than the mid-boiling point of the bio-gasoline fraction 34.

[0029] In one embodiment, at least 5, 10, or 20 weight percent of the bio-oil 30 entering the
fluids separator 32 is separated into the bio-gasoline fraction 34. In another embodiment at
least 10, 20, or 30 weight percent and/or no more than 90, 85, or 80 weight percent of the bio-
oil 30 entering the fluids separator 32 is separated into the heavy fraction 36. Additionally, both
the bio-gasoline fraction 34 and the heavy fraction 36 can have an oxygen content that is less
than 12, 10, 8, or 6 weight percent.

[0030] Referring again to FIG. 1, the heavy fraction 36 removed from the fluids separator 32
can be further separated into a bio-diesel fraction 42 and a bio-fuel oil fraction 44. Preferably,
at least 75 weight percent of the bio-diesel fraction 42 has a boiling point between 205°C and
325°C, and at least 5 weight percent of the bio-oil 30 subjected to separation is separated into
the bio-diesel fraction 42.

[0031] Preferably, at least 75 weight percent of the bio-fuel oil fraction 44 has a boiling point
greater than 325°C, and less than 60 weight percent of the bio-oil 30 subjected to separation is
separated into the bio-fuel oil fraction 44.

[0032] As illustrated in FIG. 1, biomass production system 10 can be located near or
connected by a transportation system with a petroleum-derived gasoline source 46. Petroleum-
derived gasoline source 46 can be, for example, a petroleum refinery, a petroleum fuel storage
facility, and/or a petroleum fuel transportation system.

[0033] A gasoline blending system 48 can be used to combine a petroleum-derived gasoline
50, which can have between 5 and 12 carbon atoms per molecule, from gasoline source 46
with at least a portion of the bio-gasoline fraction 34 to thereby produce a renewable gasoline
composition. The renewable gasoline composition can comprise the petroleum-derived
gasoline 50 in an amount of at least 80, 85, 90, or 95 weight percent and/or at most 99.5, 99,
98, or 96 weight percent; and the bio-gasoline fraction 34 in an amount of at least 0.1, 0.5, or 1
weight percent and/or at most 20, 15, 10, or 5 weight percent.

Bio-Gasoline Fraction/Composition

[0034] The bio-gasoline fraction, which can also be referred to as a bio-gasoline composition,
can comprise hydrocarbon compounds and oxygen-and-carbon-containing compounds,



DK/EP 2633007 T3

wherein the cumulative amount of aliphatic and aromatic hydrocarbons in the bio-gasoline
fraction is at least 5, 10, or 15 weight percent. The amount of oxygen-and-carbon-containing
compounds in the bio-gasoline fraction can be at least 15, 35, 40, 45 weight percent, and can
also be less than 77, 66, 60, or 55 weight percent. The oxygen-and-carbon-containing
compounds are preferably selected from the group consisting of phenolics, furans, ketones,
aldehydes, and mixtures thereof. The concentration of the oxygen-and-carbon-containing
compounds which are non-phenolic and non-furan in the bio-gasoline composition can be less
than 20 weight percent.

[0035] The bio-gasoline fraction can have a total oxygen content of less than 15, 12, 10, or 8
weight percent and/or at least 0.5, 1, or 4 weight percent.

[0036] In addition, less than 1 percent of the oxygen present in the bio-gasoline composition is
carbonyl oxygen, the bio-gasoline fraction can comprise less than 25 ppmw sulfur, can
comprise phenolics in an amount of at least 5, or 10 weight percent, can comprise furans in an
amount of at least 1 weight percent, can comprise ketones in an amount less than 10 weight
percent, and can comprise aldehydes in an amount less than 10 weight percent. Phenolics and
furans can account for at least 50 weight percent of the total oxygenates in the bio-gasoline
composition, and aromatics can account for at least 5 weight percent of the total hydrocarbons
in the bio-gasoline composition. Single-ring aromatics can account for at least 10 weight
percent of the total aromatics in the bio-gasoline composition, and aromatics with more than
one ring can account for less than 10 weight percent of the total aromatics in the bio-gasoline
composition. Aliphatics can account for less than 25 weight percent of the total hydrocarbons in
the bio-gasoline composition. The bio-gasoline composition can comprise hydrocarbons
selected from the group consisting of benzene, toluene, ethylbenzene, xylene, indanes,
indenes, and naphthalenes. The bio-gasoline composition can also be fully miscible with
petroleum-derived gasoline.

[0037] The bio-gasoline fraction/composition preferably has a copper corrosion test maximum
value of No. 1, as measured by ASTM D130 method.

Renewable Gasoline

[0038] The renewable gasoline composition can comprise the petroleum-derived gasoline in
an amount of at least 80 weight percent and the bio-gasoline fraction in an amount greater
than 0.1 and less than 20 weight percent.

[0039] The renewable gasoline composition comprises mainly hydrocarbons and in addition
comprises oxygen-and-carbon-containing compounds in an amount of at least 100, 200, 500,
1000 ppmw, wherein the oxygen-and-carbon-containing compounds are selected from the
group consisting phenolics, furans, ketones, aldehydes, and mixtures thereof. Preferably, less
than 0.2 percent of the oxygen present in the renewable gasoline composition is carbonyl
oxygen. The renewable gasoline composition can also comprise less than 100 ppmw sulfur,
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can comprise at least 0.5, 3.5, or 5.0 weight percent phenolics, can comprise preferably less
than 1000 ppmw carbonyls, can comprise furans in an amount of at least 0.2 weight percent,
can comprise ketones in an amount less than 2 weight percent, and can comprise aldehydes in
an amount less than 2 weight percent.

[0040] The phenolics and furans can account for at least 5 weight percent of the total of the
oxygen-and-carbon-containing compounds in the renewable gasoline composition, and the
concentration of the oxygen-and-carbon-containing compounds which are non-phenolic and
non-furan in the renewable gasoline composition can be less than 2 weight percent.

[0041] The renewable gasoline composition can comprise hydrocarbons selected from the
group consisting of benzene, toluene, ethylbenzene, xylene, indanes, indenes, and
naphthalenes. The renewable gasoline composition can have a copper corrosion test
maximum value of No. 1.

[0042] The Anti-Knock Index (AKI), which is defined as the average of the Research Octane
Number and the Motor Octane Number - [(RON+MON)/2], for the renewable gasoline
composition can increase by 0.3 to 0.45, or 0.35 to 0.4 AKI numbers, as compared to the AKI
of the petroleum-derived gasoline, for each one volume % increase in concentration of the bio-
gasoline fraction in the renewable gasoline composition, based on the total volume of the
renewable gasoline composition.

EXAMPLES

Example 1

[0043] A low oxygen bio-oil was produced from the conversion of southern yellow pine wood
particles by pyrolysis in the presence of a catalyst in a riser reactor operated at a reactor outlet
temperature of 640 °C. The resulting bio-oil had an oxygen content of 12 weight percent, and
was distilled to yield more than 25 weight percent of a bio-gasoline fraction boiling in the range
of less than 215 °C. The composition of the bio-gasoline fraction is shown below in Table 1.
TABLE 1

wt% Oxygenates wt%
Cyclics / Aromatics Alcohols 0.00
Cyclic dienes 0.00 Ethers 0.00
BTEX 16.94 Carboxylic Acids 0.00
Other 1-Ring Aromatics 11.96 Aldehydes 0.00
Indanes / Indenes 13.42 Ketones 0.39
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wt% Oxygenates wt%

Naphthalenes 5.94 Phenols 43.40
3-Ring 0.00 Diols 0.00
4-Ring 0.00 Indenols 0.00
5-Ring 0.00 BenzoFurans 7.95
6-Ring 0.00 Naphthols 0.00
Total 48.26 Levoglucosan 0.00
Total 51.74

Nitrogen Compounds Total [0] (%) 12.00
Indazoles 0.00 Total [S] (ppm) 2317

[0044] As can be seen from the data, the bio-gasoline fraction is of high quality, having a low
oxygen content, undetectable carboxylic acids, and significant amounts of cyclic/aromatics.

Example 2

[0045] Quantities of the bio-gasoline fraction from Example 1 were blended with conventional
petroleum-derived gasoline having an AKI of 87.7. The AKI was determined for the various
blends, and the results of the blending are reflected in Table 2 below.

[0046] As can be seen from Table 2, the addition of the bio-gasoline fraction acts as an octane
booster for the resulting renewable gasoline blend.

TABLE 2
Volume % Bio-Gasoline Fraction in Renewable Gasoline Blend AKI Value
1 88.05
2 88.45
4 89.2
Example 3

[0047] Quantities of the bio-gasoline fraction from Example 1 were blended with conventional
gasoline. The conventional gasoline and the various blends were tested for various
properties/components. The results of such tests are reflected in Table 3 below.

TABLE 3
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e g Test Method Value/Range{ Renewable
Specification .
gasoline
Biogasoline, vol % in Blend 1 5
Oxygen in biogasoline, wt% 15 12
D 1266, D 2622, D 80 15 18
Sulfur, ppm (max) 3120, D 5453, D 6920,
or D 7039.
Benzene, vol% (max) D 3606 1 0.50 { 0.57
o D 4815, D 5599, or D 2.7 0.07 { 0.35
Oxygen,wt%(max)
5845.
D4953, D 5190, D 13.5 10.08 -
RVP, psi (max) Winter 5191, D5482, or D
6378.
Oxidation Stability, (min) D 525 240 >240 § >720
Solvent-washed Gum D 381 5 <0.5 5
Content, mg/100 mL, (max)
Copper Strip Corrosion, D 130 No. 1 No.1 { No.1
(max)

[0048] As can be seen from Table 3 above, the blending properties of the bio-
gasoline/conventional gasoline blends are overall significantly improved with the use of a lower
oxygen content bio-gasoline fraction blend stock.
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Patentkrav

1. Biobenzinsammensaetning omfattende oxygen-carbonholdige forbindelser
og carbonhydridforbindelser, og som har et samlet oxygenindhold pa mindre
end 15 veegtprocent, og omfattende phenolforbindelser i en maengde pa
mindst 5 veegtprocent,

hvor biobenzinsammensaetningen er tilvejebragt ud fra en fremgangsmade
omfattende:

(a) at omdanne biomasse i en omdannelsesreaktor indeholdende en katalysa-
tor med henblik pa saledes at generere en omdannelsesreaktorudledning, der
indeholder dampomdannelsesprodukter;

(b) at kondensere mindst en andel af dampomdannelsesprodukterne med hen-
blik pa saledes at tilvejebringe en bioolie, der har et samlet oxygenindhold pa
mindre end 15 vaegtprocent; og

(c) at fraseparere bioolien ved destillation til mindst en biobenzinfraktion og en
tung fraktion, hvor mindst 75 vaegtprocent af biobenzinfraktionen har et koge-
punkt pa mindre end 205 °C, og hvor mindst 75 veegtprocent af den tunge
fraktion har et kogepunkt pa mere end 205 °C.

2. Sammenseetning ifelge krav 1, hvor mindre end 1 procent af det oxygen,
der er til stede i biobenzinsammensaetningen, er carbonyloxygen.

3. Sammenseetning ifelge krav 1, hvor biobenzinsammenseetningen omfatter
furaner i en meengde pa mindst 1 vaegtprocent.

4. Sammenseetning ifalge krav 1, hvor phenoler og furaner teeller for mindst 50
veegtprocent af de samlede oxygen-carbonholdige forbindelser i biobenzin-
sammenseetningen.

5. Sammenseetning ifelge krav 1, hvor biobenzinsammenseetningen omfatter
ketoner i en maengde pa mindre end 10 veegtprocent.

6. Sammenseetning ifelge krav 1, hvor biobenzinsammenseetningen omfatter
aldehyder i en maengde pa mindre end 10 veegtprocent.
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7. Sammenseetning ifelge krav 1, hvor aromatiske stoffer teeller for mindst 5
vaegtprocent af de samlede carbonhydridforbindelser i biobenzinsammensaet-
ningen.

8. Sammenseetning ifelge krav 1, hvor biobenzinsammenseetningen er afledt
fra lignocellulosisk biomasse.

9. Sammenseetning ifelge krav 1, hvor alifatiske stoffer stoffer teeller for mindre
end 25 veegtprocent af de samlede carbonhydridforbindelser i biobenzinsam-
menseaetningen.

10. Sammensaetning ifelge krav 1, hvor carbonhydridforbindelserne af bioben-
zinsammensaetningen omfatter carbonhydrider udvalgt fra gruppen bestaende
af benzen, toluen, ethylbenzen, xylen, indaner, indener og naphthalener.

11. Fremgangsmade til produktion af en biobenzinfraktion, hvor fremgangs-
maden omfatter:

(a) at omdanne biomasse i en omdannelsesreaktor indeholdende en katalysa-
tor med henblik pa saledes at generere en omdannelsesreaktorudledning, der
indeholder dampomdannelsesprodukter;

(b) at kondensere mindst en andel af dampomdannelsesprodukterne med hen-
blik pa saledes at tilvejebringe en bioolie, der har et samlet oxygenindhold pa
mindre end 15 vaegtprocent; og

(c) at fraseparere bioolien ved destillation til mindst en biobenzinfraktion og en
tung fraktion, hvor mindst 75 vaegtprocent af biobenzinfraktionen har et koge-
punkt pa mindre end 205 °C, og hvor mindst 75 veegtprocent af den tunge
fraktion har et kogepunkt pa mere end 205 °C.

12. Fremgangsmade ifalge krav 11, hvor mindst 5 veegtprocent af den bioolie,
der udseettes for frasepareringen i trin (c), frasepareres til biobenzinfraktionen,
hvor frasepareringen i trin (c) fuldf@res ved fraktionsdestillation.

13. Fremgangsmade ifelge krav 11, hvor frasepareringen i trin (c) yderligere
tilvejebringer fraseparering af en biodieselfraktion fra den tunge fraktion, og
hvor mindst 75 veegtprocent af biodieselfraktionen har et kogepunkt pa mellem
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205 °C og 325 °C.

14. Fremgangsmade ifalge krav 13, hvor mindst 5 veegtprocent af den bioolie,
der udseettes for frasepareringen i trin (c), frasepareres til biobenzinfraktionen.

15. Fremgangsmade ifelge krav 11, hvor frasepareringen i trin (c) yderligere
tilvejebringer fraseparering af en biobraendselfraktion fra den tunge fraktion,
og hvor mindst 75 veegtprocent af biobraendselfraktionen har et kogepunkt pa
mere end 325 °C.
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