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(57) Abstract: In a method of processing exhaust gas containing CO», such as exhaust gas from a cement production plant, the following
steps are carried out: - burning fuel in the combustion reactor with the O, content of the exhaust gas being used as an oxidizing agent, -

controlling the combustion in t

1c combustion reactor so that the exhaust gas from the combustion reactor contains less than 10 vol.-%

of oxygen and at least 80 vol.-% of a mixture of CO and CO,, feeding the exhaust gas from the combustion reactor into a conversion
reactor, in which the CO, and optionally the CO contained 1n the exhaust gas 1s converted into a hydrocarbon fuel.
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The 1nvention relates to a method of processing exhaust gas

containing CO,; and 0z, such as exhaust gas from a

production plant.

cement

In known processes for producing cement clinker, raw

material fed into a rotary kiln is preheated and partially

decarbonated in a multistage preheater system by using the

ﬁ

heat of combustion gases exhausted

The preheated raw material 1is

from the rotary kiln.

fed into the rotary kiln via

the kiln inlet and travels to the kiln outlet while being

calcined at temperatures of up to 1400°C.

Carbon dioxide (CO;) 1s the most significant long-lived

greenhouse gas 1in the Earth's atmosphere.

concentration in the atmosphere,

The use of fossil

‘uels and deforestation have rapildly i1ncreased 1its

leading to global warming.

Carbon dioxide also causes ocean acidification, because 1t

dissolves 1in water to form carbonic acid.

The cement industry 1s an impor:

the cement production process,

signi:

F

cant emitter of CO,. Within

F

-1cant amounts of COs

are generated during the decarbonation of raw meal

(containing CaCO0j3) to lime

Portland cement clinker about 0,9 tons of CO,; per ton of

Portland cement clinker are emitted by the calcination o:

the raw materials and from the fue.

rotary kiln.

The use of alternative fuels,

greenhouse gases. However,

(Cal) .

F

fuels, in the rotary kiln burner may reduce the amounts of

substea

During the production of

h

|

combustion 1n the

in particular renewable

b

pr—r

ntial amounts of CO, are
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still produced by the decarbonation of raw meal and emitted

into the atmosphere.

It has been proposed to use carbon capture and

sequestration methods in order to reduce or prevent the

emission of CO, from industrial processes i1nto the

atmosphere. Such methods comprise capturing CO, from flue

gases for storage or for use in other industrial

applications.

Several technologies have been developed to extract and

capture CO, from such flue gases in order to allow carbon

sequestration. A known technology for capturing CO; present

-

in flue gases i1s amine scrubbing. This process consists of

extracting the CO, fraction from a post-combustion flue gas

by flushing the gases with an amine solvent, regenerating

the solvent by steam stripping, thus releasing nearly pure

CO,, and recycling the stripped solvent to the absorber.

Although this technology is very efficient, 1t 1s also

quite expensive.

Alternatively, CO, can be absorbed from a CO, containing gas

by means of chemical absorption with KOH or NaOH solutions.

Once extracted from the CO, containing gas, CO; can be

stored in different ways, such as, e.g., 1n stable

carbonate mineral forms. The respective process 1s known as
“carbon sequestration by mineral carbonation”. The process
involves reacting carbon dioxide with a carbonatable solid
material, said material comprising metal oxides, in

particular magnesium oxide (MgO) or calcium oxide (CaO), to

form stable carbonates.
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Alternatively, it has also been proposed to convert the CO;

captured from the exhaust gas into a renewable fuel Dby

adding Ho .

The known methods for extracting and capturing CO; from flue

gases for further processing the CO; in concentrated form

are cumbersome and costly.

”h

Therefore, it is a purpose of this invention to provide an

improved method of processing exhaust gas that avoids any

CO, emission into the atmosphere and that allows for a CO;

concentration from the exhaust gas at a low price.

In order to solve these objectives, the invention provides

i 1

a method of processing exhaust gas containing COz and Og,

such as exhaust gas from a cement production plant,

comprising the steps of:

-~ introducing the exhaust gas into a combustion reactor,

— burning fuel in the combustion reactor with the O

content of the exhaust gas being used as an oxidizing

agent,

- controlling the combustion in the combustion reactor

so that the exhaust gas from the combustion reactor

contains less than 10 vol.-% of oxygen and at least

80 vol.-% of a mixture of CO and COy,

— feeding the exhaust gas from the combustion reactor
into a C0,/CO conversion reactor, in which the CO; and

optionally the CO contained in the exhaust gas 1s

converted into a hydrocarbon fuel, in particular a

combustible fuel.

The method coverts the entire CO, contained in the exhaust

gas into a hydrocarbon fuel, in particular a combustible
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fuel. Preferably, the exhaust gas 1s taken from a cement

ﬁ

kiln preheater of the cement production plant.

The inventive method does not require any CO; extracting or

capturing step in order to extract or capture the CO; from

the exhaust gas. Instead, the CO, initially present 1n the

exhaust gas at a relatively low fraction, 1s concentrated

F

by using the 0, content of the exhaust gas as an oxidizing

agent for burning fuel in a combustion reactor. In this

way, the 0O, content of the exhaust gas 1s reduced and the
CO, and optionally the CO content of the exhaust gas 1is

increased so that the exhaust gas leaving the combustion

reactor contains at least 80 vol.-%, preferably at least

90 vol.-%, of a mixture of CO and CO;. In this way, a gas

having a high CO, concentration can be fed to the CO0,/CO

conversion reactor so that the conversion into a

hydrocarbon fuel, in particular a combustible fuel in said

CO,/CO conversion reactor may be effected in a highly

F
b

ficient and cost effective way.

~

Preferably, the exhaust gas to be processed with the method

F

of the invention has a N, content of < 20 vol.-%. In order

t

to reduce the N, content in the exhaust gas, 1n the case of

an exhaust gas coming from a cement production plant, the

combustion air for the combustion in the cement kiln and

the pre-calciner may be enriched with O, or may be pure O;.

Further, the combustion air for the combustion in the

combustion reactor may be enriched with O; or may be pure

0,. Preferably, the combustion air added to the kiln system

and/or the combustion reactor is enriched with oxygen, with

the combustion air having an O, content of 21 - 100%.
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The fuel burnt in the combustion reactor may be any kind o:

solid or liguid or gaseous fuel.

The renewable fuel produced by the inventive method may be

used in many ways, e€.g. as an alternative fuel for the kiln

burner of a cement kiln or as a fuel for other industries,

e.g. as renewable aviation fuel.

According to a preferred embodiment, the hydrocarbon fuel,

in particular the combustible fuel, obtained from the

conversion reactor is fed to the burner of a cement kiln of

the cement production plant as a fuel. In this way, the

clinker production process has no CO; emissions anymore (1s

carbon neutral), because all carbon resulting from the

combustion of fuels in the clinker production process and

from the decarbonation of cement raw material 1s converted

into a hydrocarbon fuel, in particular a renewable

combustible fuel.

The term “renewable fuel” i1s understood to mean fuels that

originate from renewable sources or are produced from

renewable resources, such as biofuels (e.g. vegetable oil,
biomass, and biodiesel). This 1s 1n contrast to non-

renewable fuels such as natural gas, LPG (propane),

petroleum and other fossil fuels.

Preferably, at least part of the exhaust gas, before being

introduced into the combustion reactor, 1s first used to

dry a solid fuel, in particular a solid renewable fuel, 1in

a first drying unit, thereby obtaining a dried fuel,

whereupon the dried fuel is optionally ground to obtain a

ground fuel. Here, the exhaust gas 1s used as a source of

heat for the drying of the solid fuels. Various types of

|
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solid fuels may be used, such as, e.g., charcoal, bilo coal,

biomass or petcoke. The fuel dried in the first drying unit

and then optionally ground

may preferably be used as the

fuel in the combustion reactor. Alternatively, the fuel

that is burned in the combustion reactor, 1s a fuel

different from the fuel that i1s dried in the first drying

unit and then optionally ground. Alternatively, the fuel

burned in the combustion reactor may be a mixture of the

fuel that has been dried in the first drying unit and 1is

then optionally ground and

of a different fuel.

Additionally, this fuel can also be the renewable fuel or

by-product produced 1in the

CO,/CO conversion reactor.

According to a preferred embodiment, the exhaust gas can

”

also be used as a source of heat for drying the raw mix

that is used for the preparation of cement. In this

context, the inventive method is preferably characterized

F

in that at least part of the exhaust gas 1is used to dry

cement raw meal in a second drying unit, thereby obtaining

a dried raw meal, wherein the dried raw meal 1s ground to

obtain a ground raw meal, which is fed into a preheater of

a cement production plant.

H

As mentioned above, a combustion reactor is used 1n the

second step of the method for burning fuel. The combustion

reactor may be any reactor
the combustion so that the

reactor contains less Than

that is suitable for controlling

exhaust gas from the combustion

10 vol.-% of oxygen and at least

80 vol.-% of a mixture of CO and CO,. Preferably, the

combustion reactor is a carbon monoxide reactor, in which

the carbon contained in the fuel 1s converted i1nto carbon

monoxide and carbon dioxide by consuming the O; contained in

the exhaust gas. The ratio

of CO to CO, 1n the exhaust gas
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of the combustion reactor may be adjusted as required by

the C0O,/CO conversion reactor.

For example, the combustion reactor may be a hot gas
generator, such as a hot gas generator supplied by Fives

(Pillard).

The combustion in the combustion reactor is controlled so

F

as to maximize the CO and CO; content of the exhaust gas.

Further, the combustion in the combustion reactor 1s

controlled to limit the O, content of the exhaust gas to

below 10 vol.-%, preferably below 5 vol.-%. This 1is

P
—

fuel fed

preferably achieved by controlling the amount of

_into the reactor.

According to a preferred embodiment, the exhaust gas from

the combustion reactor, before being fed into the CO,/CO

conversion reactor, is conducted through a heat exchanger

to cool the exhaust gas to a temperature of preferably 20-

300°C. Consequently this heat can be used to dry raw

materials or fuels or to generate electricity.

F

Various types of conversion reactors may be used for

converting the CO and/or the CO, contained in the exhaust

gas coming from the combustion reactor into a hydrocarbon

fuel, in particular a combustible fuel.

Preferably, the conversion reactor 1s a bioreactor, a

catalytic reactor or a power-to-fuel reactor. The
bioreactor may comprise a fermentation process. As an

example, a bioreactor as supplied by LanzaTech or

FElectrochaea GmbH may be used.
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Alternatively, the bioreactor may comprise a catalytic

reactor. In particular, catalytic reactors which use the

Fischer-Tropsch process may be used.

Preferably, by-products produced in the conversion reactor,

such as proteins, are fed to a combustion process, such as

to the burner of a cement kiln,

plant as a fuel.

O

ey

f the cement production

The hydrocarbon fuel, in particular the combustible fuel,

produced by the conversion reactor may be biomethane,

methanol, or a renewable fuel for aviation or

transportation, e.g. gasoline or kerosene. In general, the

hydrocarbon fuel may be produced in gaseous or liquid form

and may be any type of low or high molecular weilght

hydrocarbon fuel. The hydrocarbon product of the conversion

reactor can be used as a hydrocarbon fuel, or alternatively

be used as a chemical for chemical synthesis, for example.

The invention will now be described in more detail with

reference to the attached drawing.

Fig. 1 schematically illustrates a cement production

process, into which the inventive method has been

incorporated. In the cement clinker production plant raw

meal is charged into a raw meal mill 1 and the ground raw

meal is stored in a raw meal silo 2. The ground raw meal

stored in the raw meal silo 2 is charged into a preheater

3, where it is preheated in counter-current to the hot

exhaust gases coming from a rotary clinker kiln 4. The

preheated and optionally pre-calcined raw meal 1is then

introduced into the rotary kiln 4, where it 1is calcilined to

obtain cement clinker. The clinker leaves the rotary kiln 4
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at a point denoted by 5 and is cooled in a clinker cooler

6. The cooled clinker leaves the clinker cooler 6 at the

point denoted by 7.

The firing system of the rotary kiln 4 is fed with fuel, as

is schematically illustrated by 8. Additional fuel may be

r—

introduced into the pre-calciner of the preheater 3, as 1s

schematically illustrated by 9. Preferably, an alternative

fuel, such as a renewable fuel is used in the firing system

of the rotary kiln 4 and/or in the pre-calciner.

The exhaust gas exiting the preheater 3 at 10 contains CO;

and O,. According to the invention, the exhaust gas 1s

introduced into a mill 11, in which solid fuel, such as

charcoal, bio coal, biocmass or petcoke 1s dried by means oOf

the heat of the exhaust gas and is ground. The mill 11 thus

serves as a drying unit for the solid fuel.

F

Preferably, a portion of the exhaust gas exiting the

preheater 3 may be used to dry the raw meal in the raw meal

mill 1, as denoted by 17.

Preferably, a portion of the exhaust gas exiting the

preheater 3 may be fed into a high temperature dust

separator 26 to remove dust contained 1n the exhaust gases.

The ground solid fuel is discharged from the mill 11 and

introduced into a combustion reactor 12 via the line 13. In

the combustion reactor 12 the ground fuel is burnt with the

exhaust gas coming from the mill 11 via the line 14, and

optionally with the exhaust gas coming from the mill 1 via

the line 18, wherein the carbon contained in)the ground

fuel is converted into carbon monoxide and carbon dioxide,
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while consuming the 0O, contained in the exhaust gas. The

combustion in the combustion reactor 12 is controlled so as

to maximize the content of CO and CO,, and to minimize the

O, content, in the exhaust gas leaving the combustion

reactor via the line 15. In particular, the exhaust gas

from the combustion reactor 12 contains less than 10 vol.-%

of 0, and at least 80 vol.-% of a mixture of:CO and CO,.

-y

? 1s conducted

The exhaust gas from the combustion reactor
through a heat exchanger 16 to cool the exhaust gas. Then,
the exhaust gas is introduced into a COy/CO conversion

reactor 19, in order to convert the CO, and optionally the

CO content of the exhaust gas into a combustible fuel.
Hydrogen may be introduced into the CO0,/CO conversion

reactor 19 at 20, in order to assist the reaction taking

place in the CO0,/CO conversion reactor 19. Preferably, the

hydrogen has been produced from a renewable energy source

or by using renewable energy, such as electricity from a
renewal energy source. The product produced by the CO2/CO

conversion reactor 19 is collected in a separator 21, 1n

which by-products e.g. protein 22 i1is separated from a

gaseous or liquid combustible fuel 23, such as biomethane,

methanol or any other hydrocarbon fuel, in particular low

molecular weight hydrocarbon fuel.

The combustible fuel may be used for firing the firing

system of the rotary kiln 4, as illustrated by the line 24

or may be dispatched at 25 and used for any other purpose.
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Claims:

1. A method of processing exhaust gas containing CO, and

Oz, such as exhaust gas from a cement production plant,

comprising the steps of:

- introducing the exhaust gas into a combustion reactor,

- burning fuel 1n the combustion reactor with the 0O

P

content of the exhaust gas being used as an oxidizing

agent,

— controlling the combustion in the combustion reactor

F

so that the exhaust gas from the combustion reactor

”

contains less than 10 vol.-% of oxygen and at least

80 vol.-% of a mixture of CO and CO,,

-~ feeding the exhaust gas from the combustion reactor
into a CO,/CO conversion reactor, in which the CO, and

optionally the CO contained in the exhaust gas 1is

converted into a hydrocarbon fuel.

2 . A method according to claim 1, wherein at least a part

of the exhaust gas, before being introduced into the

combustion reactor, 1s used to dry a solid fuel, 1n

particular a solid renewable fuel, in a first drying unit,

thereby obtaining a dried fuel, whereupon the dried fuel 1is

optionally ground to obtain a ground fuel.

3. A method according to claim 2, wherein the dried and

optionally ground fuel is used as the fuel in the

combustion reactor.

4 . A method according to claim 1, 2 or 3, whereiln at

F

- the exhaust gas 1s used to dry cement raw

least part o:

meal 1n a second drying unit, thereby obtaining a dried raw

meal, wherein the dried raw meal 1s ground to obtain a
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ground raw meal, which 1s fed 1nto a preheater of a cement

production plant.

5. A method according to any one of claims 1 to 4,

wherein the C0,/CO conversion reactor 1s a bioreactor, a

catalytic reactor or a power-to-fuel reactor.

0. A method according to any one of claims 1 to 5,

wherein by-products produced in the C0,/CO conversion

reactor, such as proteins, are fed to a combustion process,

such as to the burner of a cement kiln, the pre-calciner

burner and/or the combustion reactor burner of the cement

production plant as a fuel.

7. A method according to any one of claims 1 to 6,

wherein the hydrocarbon fuel, 1in particular the combustible

i

fuel, obtained from the C0O,/CO conversion reactor is fed to

a combustion process, such as the burner of a cement kiln,

the pre-calciner burner and/or the combustion reactor

burner of the cement production plant as a fuel.

8 . A method according to any one of claims 1 to 7,

wherein the exhaust gas from the combustion reactor, before

being fed into the C0,/CO conversion reactor, 1s conducted

through a heat exchanger to cool the exhaust gas to a

temperature of preferably 20-300°C.

9. A method according to any one of claims 1 to 8,

wherein the exhaust gas 1s taken from a cement raw meal

gty

preheater of the cement production plant.
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