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Description

[0001] The invention is directed to a method and an
apparatus for processing a feed comprising hydrocar-
bons.

[0002] Itis known in the art that a feed comprising hy-
drocarbons, such as e.g. biomass, can be converted into
useful energy by combustion of said feed. The disadvan-
tage of combustion of a feed comprising hydrocarbons
is the formation of large amounts of smoke, which smoke
is costly to purify. Because of the need of a purification
step, an energy conversion efficiency of only 20% is
reached using combustion methods, viz. the ratio be-
tween the useful energy output of the synthesis gas and
the input energy into the process is 0.20.

[0003] European patent application No. 07115971.9
describes a process in which synthesis gas is produced
from a feed comprising hydrocarbons. The hydrocarbons
are converted by pyrolysis into synthesis gas, which syn-
thesis gas is quenched by contacting it with water at such
a high temperature that at least part of said water is con-
verted into hydrogen and oxygen. The resulting synthesis
gasis enriched in hydrogen and oxygen, which adds con-
siderably to its caloric value. The process may further
comprise a step, wherein a solid stream of pyrolysis res-
idue is obtained and fed to a process comprising a smelt-
er, which is operated at a temperature that is sufficient
to vaporize at least part of the heavy metals present in
the feed of said smelter and sufficient to obtain a liquid
slag. Disadvantage of this method is that the yield of the
synthesis gas is low.

[0004] Object of the present invention is to provide a
method for converting a feed comprising hydrocarbons,
such as e.g. biomass, into a gaseous product comprising
synthesis gas, which method has a high energy conver-
sion efficiency and a high yield of synthesis gas.

[0005] In a first aspect this object is met by providing
a method for pyrolyis of a feed stream comprising hydro-
carbons, which method comprises:

- afirst step, wherein said feed stream is fed to a py-
rolysis reactor, which is operated at a temperature
sufficient to obtain pyrolysis of at least part of said
hydrocarbons, which temperature is at least 400 °C,
thus producing a first gas (pyrolysis gas) and a first
residue (pyrolysis residue), which can be solid and/or
liquid;

- asecond step, wherein at least part of said pyrolysis
residue is fed to a gasification oven, in which said
pyrolysis residue is contacted with a gaseous reac-
tion medium, and which oven is operated at a tem-
perature higher than the temperature in the first step
and which temperature is at least 800 °C, thus pro-
ducing a second gas (coke gas) and a second resi-
due (coke residue), which can be solid and/or liquid.

[0006] It was surprisingly found that the high temper-
atures used in the method of the presentinvention, which
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temperatures are generally considered to be undesirable
because of high energy losses, were very suitable to in-
crease the yield and/or quality of produced synthesis gas.
[0007] The method according to the invention has the
advantage over the prior art that only little purification is
needed before it can be used in combustion engines, gas
engines, or gas turbines. Consequently, the method of
the invention has an energy conversion efficiency of up
to 40% to 50%, which means that 40% to 50% of the
theoretical (chemical) energy is converted into work or
electricity.

[0008] The firstheating stepis conducted in a pyrolysis
reactor. For example, a rotating oven, such as the one
described in EP-A-0 653 478 may be used as a pyrolysis
reactor. Heat is provided to the pyrolysis reactor by a
heat source, for example a burner that is typically oper-
ated using natural gas (in particular during start-up of the
process) or synthesis gas produced by the process of
the present invention (once the process is operational).
The feed comprising hydrocarbons is heated in the py-
rolysis reactor to a temperature of preferably 400 - 950
°C, more preferably 700 - 900 °C, even more preferably
ca. 800 °C, which temperature is sufficient to gasify most
volatile components of the feed and to obtain pyrolysis
of at least part of the hydrocarbons present in the feed.
Thus, a gas referred to as a pyrolysis gas and a pyrolysis
residue are obtained. The pyrolysis gas comprises hy-
drocarbons, CO and/or H,, and usually also CO, and/or
H,0, and commonly also sulfur compounds, such as sul-
fur oxides. The pyrolysis residue comprises non-volatile
hydrocarbons, solid carbons and any minerals that were
present in the feed. The pyrolysis residue can be solid,
liquid or partly solid and partly liquid.

[0009] The second step may be conducted in any suit-
able kind of gasification oven, such as a rotating oven, a
fluid bed reactor, and the like. The temperature of the
oven is preferably higher than the temperature used in
the pyrolysis reactor and is preferably 800 - 1200 °C,
more preferably 1000 - 1100 °C. Such high temperatures
may be reached by a burner that is typically operated
using natural gas (in particular during start-up of the proc-
ess) or synthesis gas produced by the process of the
present invention (once the process is operational). The
solid residue is brought in contact with a gaseous reaction
medium in the gasification oven. The gaseous reaction
medium may be a gas comprising oxygen and/or water,
and is preferably a gas comprising molecular oxygen
(Oy,). Air may be used for this purpose. More preferably
a gas stream enriched in molecular oxygen or consisting
essentially of molecular oxygen is used in order to limit
the presence of nitrogen at the high temperature gasifi-
cation step. The presence of nitrogen in this gasification
step generally leads to the formation of nitrogen oxides
(NO,) which is an undesirable pollutant. At such high
temperatures, the pyrolysis residue reacts with the gas-
eous reaction medium to form a coke gas, which coke
gas comprises at least part of the carbon and hydrocar-
bons of the pyrolysis residue in the form of carbon mon-
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oxide (CO) and methane (CH,). Furthermore, a residue
remains, referred to as coke residue, which residue can
be liquid, solid or partly liquid and partly solid and mainly
comprises minerals that were present in the feed stream.
It was found that the coke gas still contained a consider-
able amount of useful hydrocarbons that could be con-
verted to synthesis gas, thereby increasing the yield of
synthesis gas of the method.

[0010] The method according to the invention is suit-
able for pyrolysing many different types of biomass. How-
ever, the method is in particular suitable for pyrolysis of
organic materials having a relative low mineral content,
e.g. organic materials with a mineral content of 8 wt.%
or less, preferably a mineral content of 3 wt.% or less.
Reason for this is that the amount of coke residue is min-
imized.

[0011] The method of the present invention may in-
clude a drying step prior to the first step, in which the
water content of the feed is reduced. The resulting dried
feed preferably comprises less than 20 wt.%, more pref-
erably less than 15 wt.%. To minimize energy losses, the
drying step is preferably conducted with waste heat gen-
erated in the first and second step.

[0012] The method ofthe presentinvention may further
comprise a third step, wherein the pyrolysis gas and coke
gas are contacted with oxygen or an oxygen containing
gas stream, such as air, and heated with a burner to a
temperature of preferably 1200 - 2000 °C, more prefer-
ably 1200 - 1600 °C. The addition of oxygen in this step
reduces formation of nitrogen oxide (NO,). Preferably all,
or substantially all (e.g. more than 99 wt. %) of the hydro-
carbons present in the pyrolysis and coke gas are con-
verted to synthesis gas in this step. This step may be
carried out using a burner, e.g. an Oxy-Fuel Burner,
wherein methane is combusted using pure oxygen.
[0013] The synthesis gasobtained inthe third step may
be quenched by contacting it with water at a temperature
that is sufficiently high to convert at least part of said
water into hydrogen and oxygen, thus producing synthe-
sis gas enriched in hydrogen and oxygen. According to
the method of the invention, the synthesis gas has atem-
perature of 1000 - 2000 °C when bringing it in contact
with water. Because of this high temperature, at least
part of the water is decomposed into H, and O, when
brought in contact with the gas. This process, called ther-
mal dissociation, enriches the synthesis gas with H, and
O,. Such enrichment in H, and O, adds considerably to
the calorific value of the synthesis gas, viz. the amount
of heat released during the combustion of a certain vol-
ume of the gas is increased. Thus, the quality of the syn-
thesis gas is increased by the quenching step. Quench-
ing may be done in a quencher. Preferably the temper-
ature in the quencher prior to quenching is at least about
1200 °C, more preferably 1250-2000 °C, even more pref-
erably about 1300-1600 °C, e.g. about 1350 °C.

[0014] The obtained synthesis gas may be cooled by
bringing it in heat-exchanging contact with e.g. boiling
water. In this way, water is evaporated to steam, which
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steam can be used for example as a heat source in the
pyrolysis reactor, as a heat source in a possible drying
step, or for generating electric power. The synthesis gas
may further be treated with conventional gas treatments,
and purified with for example scrubbers, such as H,S
scrubbers and/or HCI scrubbers, dust removers, etc. For
example, any sulfur compounds, such as H,S and dust
therefrom, are preferably removed from the synthesis
gas.

[0015] The synthesis gas thus produced can be em-
ployed for various applications, including generation of
heat and/or work (electricity) and/or as starting material
for chemical synthesis. It was found that the coke residue
obtained in the second step could be used as fertilizer.
[0016] Figure 1 is a schematic representation of an
embodiment of the method according to the present in-
vention. In the method depicted in Figure 1, solid and/or
liquid feed comprising hydrocarbons is fed to dryer (1).
The resulting dried feed comprises 10-20 wt.%. water
and is fed to pyrolysis reactor (2). In said reactor, a tem-
perature of about 800 °C is provided by using a burner.
Thus, pyrolysis gas and pyrolysis residue are obtained.
The pyrolysis residue is then fed to gasification oven (3),
where it is heated in the presence of an oxygen and/or
water (steam) containing gas to about 1000 °C, obtaining
a coke gas and a coke residue. The pyrolysis gas and
the coke gas are fed to converter (4), wherein these gas-
es were heated to about 1400 °C under the addition of
an oxygen containing gas. The thus obtained synthesis
gas is led to quencher (5), with the temperature of the
synthesis gas still being 1400 °C. Water is added in the
quencher to the hot synthesis gas and a cooled synthesis
gas with a heightened concentration H, and O, is thus
obtained. The gas coming from the quench cooler has a
temperature of around 1200 °C. The heat from this gas
may be recovered in a recuperation section, e.g. using
boiler water, which is converted to steam for further use
elsewhere. The synthesis gas coming from the recuper-
ator is then subjected to further cleaning steps (7) to re-
move sulfur compounds, such as H,S, acids such as HCI
and dust therefrom. The coke residue containing miner-
als is pelletized in pelletizer (8) and can be used as arti-
ficial fertilizer.

[0017] The hydrocarbons used in the method of the
invention can be of any suitable source. For example,
the source of hydrocarbons may be organic feeds such
as wood or crops, domestic waste or industrial waste.
Organic feeds may for example originate from agriculture
and silviculture. Preferably non-fermentable biomass, in
particular olive seeds, oranges or grape skins, is used in
the method of the present invention.

Claims

1. Method for pyrolysis of a feed stream comprising hy-
drocarbons, comprising:
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- a first step, wherein said feed stream is fed to
a pyrolysis reactor, which is operated at a tem-
perature sufficient to obtain pyrolysis of at least
part of said hydrocarbons, which temperature is
at least 400 °C, thus producing a first gas (py-
rolysis gas) and a first residue (pyrolysis resi-
due), which may be solid and/or liquid;

- a second step, wherein at least part of said
pyrolysis residue is fed to a gasification oven, in
which said pyrolysis residue is contacted with a
gaseous reaction medium, wherein said oven is
operated at a temperature higher than the tem-
perature in the first step and which temperature
is at least 800 °C, thus producing a second gas
(coke gas) and a second residue (coke residue),
which may be solid and/or liquid.

Method according to claim 1, wherein said gaseous
reaction medium is a gas comprising oxygen and/or
water.

Method according to any of the previous claims, fur-
ther comprising:

- athird step, wherein the pyrolysis gas and coke
gas are contacted with an oxygen containing gas
stream and heated to a temperature of 1200 -
2000 °C, thus producing a synthesis gas; and
- a fourth step, wherein the synthesis gas ob-
tained inthe third step is quenched by contacting
it with water at a temperature that is sufficiently
high to convert at least part of said water into
hydrogen and oxygen, thus producing synthesis
gas enriched in hydrogen and oxygen.

Method according claim 3, wherein the synthesis gas
in the fourth step has a temperature of 1200 - 2000
°C when contacted with water.

Method according to any of the previous claims,
wherein said pyrolysis reactor is operated at a tem-
perature of 400 - 900 °C.

Method according to any of the previous claims,
wherein said pyrolysis reactor is operated at a tem-
perature of 700 - 900 °C.

Method according to any of the previous claims,
wherein said gasification oven is operated at a tem-
perature of 800 - 1200 °C.

Method according to any of the previous claims,
wherein said gasification oven is operated at a tem-
perature of 1000 - 1200 °C.

Method according to any of the previous claims, fur-
ther comprising a drying step prior to the first step,
wherein the water content of the biomass is reduced.
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10.

11.

12.

13.

Method according to any of the previous claims, fur-
ther comprising a drying step prior to the first step,
wherein biomass is dried to a water content less than
20 wt.%, more preferably less than 15 wt.%.

Method according to any of the previous claims,
wherein said feed stream comprises a mineral con-
tent of 5 wt.% or less, preferably a mineral content
of 3 wt.% or less.

Method according to any of the previous claims,
wherein said stream comprising hydrocarbons orig-
inates at least in part from olive seeds, oranges
and/or grape skins.

Apparatus for processing feeds comprising hydro-
carbons, comprising a pyrolysis reactor having agas
exit and a solid exit, wherein said gas exit is con-
nected to one or more pieces of equipment for in-
creasing the temperature of the gas and increasing
the amount of synthesis gas, while decreasing the
amount of hydrocarbon, the exit of which equipment
is connected to a quencher, and wherein said solid
exit is connected to a gasification reactor having a
gas exit, a gas entrance and a gas exit, wherein said
gas exitis connected to one or more pieces of equip-
ment for increasing the temperature of the gas and
increasing the amount of synthesis gas, while de-
creasing the amount of hydrocarbon, the exit of
which equipment is connected to said quencher.
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