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Description

A method and a system for converting carbon dioxide into

chemical starting materials
TECHNICAL BACKGROUND

The invention relates to a method and a system for converting
carbon dioxide into chemical feedstocks that can be used fur-
ther in industrial synthetic processes. Along with power gen-
eration, conventional fossil fuel combustion generates vari-
ous chemical by-products, such as nitrogen-, carbon- and sul-
phur oxides which exit the boiler or combustion chamber in
the form of flue gas. In the past it was acceptable to allow
flue gas to discharge from power plants and industrial fa-
cilities directly into the atmosphere without further treat-
ment. However, with increasing evidence about environmental
damage linked to, for example, the acidification of the at-
mosphere as a result of sulfur oxide emissions and the risk
of adverse climate change from global warming due to green-
house gas emissions, flue gas treatment to mitigate emissions
with pollution abatement techniques is becoming more impor-
tant. Conventional technologies for flue gas treatment in-
volve resource and energy intensive processes which increase
considerably operating costs. Carbon capture technologies fo-
cus on preventing carbon dioxide from entering the atmos-
phere. In the case of emissions from industrial applications,
abatement methods of various maturity levels exist presently
to capture carbon dioxide and to recover it as a concentrated
stream that is amenable to geological sequestration or as a
raw material for industrial processes. Commercial post-
combustion carbon dioxide capture systems currently in opera-
tion involve carbon dioxide abéorption with aqueous monoetha-

nolamine MEA. MEA can be used in aqueous solutions for scrub-
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bing certain acidic gases such carbon dioxide. The process
takes place in tall columns known as scrubbers in which a
turbulent flow promotes a rapid carbon dioxide transfer from
gas to liquid. Differences in density make it easy to sepa-
rate the emerging gas and liquid. To recover the captured
carbon dioxide, the loaded solvent is pumped to a stripper in
which it is exposed to hotter carbon dioxide free gas, typi-
cally steam. Upon heating, carbon dioxide is desorbed.. The
stripped liquid is pumped back to the scrubber while the mix-
ture of steam and carbon dioxide is cooled to condense the
steam, leaving behind high-purity carbon dioxide suitable for
compression and, after transportation to an appropriate site,
sequestration as described for example by Howard Herzog,
Jerry Meldon, Alan Hatton, Advanced Post Combustion carbon
dioxide capture, April 2009
(http://web.mit.edu/mitei/docs/reports/herzog-meldon-
hatton.pdf). Accordingly, isolating of carbon dioxide from a
flue gas and using the isolated carbon dioxide for further
processing is known. In a conventional combustion system fuel
such as carbon is burned in a burning stage with an exother-
mic reaction to generate energy and the carbon dioxide form-
ing reaction products of the reaction can be isolated from

the flue gas emitted by the combustion system.

However, conventional combustion systems do not use the gen-
erated carbon dioxide to produce valuable fine chemical prod-
ucts which could be used as chemical starting materials in
further synthetic processes. Conventional post-combustion
carbon dioxide capture systems, as used in power plants and
in particular coal fired power plants CFPP, focus on isolat-
ing carbon dioxide in the flue gas without using the sepa-
rated carbon dioxide as a chemical compound which could be
used in further synthetic processes. Accordingly, it is an

object of the present invention to provide a combustion
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method and system for producing chemical starting materials

which can be used in further chemical synthetic processes.

SUMMARY OF THE INVENTION

The invention provides a method for converting carbon dioxide
into chemical starting materials, wherein the method com-
prises the steps of:
(a) isolating the carbon dioxide from flue gas emitted
by a combustion system; and
(b) burning an electropositive metal in an atmosphere
of said isolated carbon dioxide to reduce said car-

bon dioxide into the chemical starting materials.

According to the method of the present invention carbon diox-
ide is not only isolated from the flue gas but also used to
produce chemical starting materials which can be further

processed in a synthetic process.

In a possible embodiment of the method according to the pre-
sent invention the electropositive metal is formed by an ele-
ment of the first, second or third group of the periodic ta-

ble.

In a possible embodiment of the method according to the pre-

sent invention one element of the following group of elements
is used for burning in an atmosphere of said isolated carbon

dioxide:.

Lithium, sodium, potassium in the first group of the periodic
table,

magnesium, calcium, strontium, barium in the second group of

the periodic table, and

aluminium and zinc in the third group of the periodic table.
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In a possible embodiment of the method according to the pre-
sent invention a thermal energy provided by the exothermic

burning reaction of the electropositive metal with said iso-
lated carbon dioxide is used to power a generator being

adapted to produce electricity.

In a possible embodiment of the method according to the pre-
sent invention the electropositive metal is heated up to pro-
vide a molten electropositive metal before burning said mol-
ten electropositive metal in the atmosphere of said isolated

carbon dioxide.

In a possible preferred embodiment of the method according to
the present invention the used electropositive metal com-

prises lithium.

The use of lithium provides the advantage that lithium has a
high electropositivity and other useful characteristics.
Lithium is the lightest metal in the periodic table and can
even can float when transported on water in a container and
even on oil. Furthermore, lithium has a very low density and
approximately 0.534 g/cm® and can be transported because of
its low weight easily. The metal is so soft that it can also
be cut with a knife. Accordingly, it is easy to process lith-
ium metal mechanically. Furthermore, lithium has 180°C a

relatively low melting point of 180°C.

In a possible embodiment of the method according to the pre-
sent invention the electropositive metal is heated up to pro-
vide a molten electropositive metal before burning said mol-
ten electropositive metal in the atmosphere of said isolated

carbon dioxide.



10

15

20

25

30

35

WO 2012/038330 PCT/EP2011/066073

In a possible embodiment of the method according to the pre-
sent invention the chemical starting materials are used in a

further synthesis process.

In a possible embodiment of the method according to the pre-
sent invention the chemical starting material produced by re-

ducing said carbon dioxide comprises carbon monoxide.

The produced carbon monoxide can be converted carbon contain-

ing starting materials, in particular methanol.

In a further possible embodiment of the method according to
the present invention the chemical starting material produced

by reducing said carbon dioxide comprises carbide.

The produced carbide can be further converted into acetylene.

In a possible embodiment of the method according to the pre-
sent invention the electropositive metal is regenerated from

reaction products of the burning reaction of said electro-
positive metal with the carbon dioxide isolated from said

flue gas of said combustion system.

In a possible embodiment of the method according to the pre-
sent invention the flue gas is isolated from a post-

combustion carbon capture system at a coal fired power plant
or other industrial combustion processes, e.g. cement plants

or steel works.

In a possible embodiment of the method according to the pre-
sent invention the lithium carbonate is converted by means of
aqueous hydrochloride acid into lithium chloride which is

converted by electrolysis into lithium metal forming the
electropositive metal being burned in said atmosphere of iso-

lated carbon dioxide.
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In a possible embodiment of the method according to the pre-
sent invention the regenerated lithium metal is transported

for reacting with the isolated carbon dioxide as a metal in

solid or liquid form or as lithium hydride in solid form.

The invention further provides a system for converting carbon
dioxide into chemical starting materials used for synthetic
processes, said system comprising:

- isolating means for isolating the carbon dioxide from
flue gas emitted by a combustion apparatus; and

- burning means for burning an electropositive metal in an
atmosphere of said isolated carbon dioxide to reduce
said carbon dioxide into said chemical starting materi-

als.

The invention further provides a closed loop conversion sys-
tem for converting carbon dioxide into chemical starting ma-
terials, said closed loop conversion system comprising:

- isolating means adapted to isolate carbon dioxide from
flue gas emitted by a combustion apparatus;

- burning means adapted to burn in an exothermic burning
reaction an electropositive metal in an atmosphere of
said isolated carbon dioxide to reduce said carbon diox-
ide to said chemical starting materials; and

- regenerating means adapted to regenerate said electro-
positive metal from reaction products of said exothermic

burning reaction.

In a possible embodiment of the closed loop conversion system
according to the present invention the regenerating means are
adapted to convert said reaction products of said exothermic
burning reaction by electrolysis into said electropositive

metal.
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In a possible embodiment of the closed loop conversion system
according to the present invention the regenerated electro-
positive metal comprises at least an element of the first,
second and third group of the periodic system or Zinc, in

particular a lithium metal.

The invention further provides a method for industrial use of
a compound,

wherein said compound is converted in a burning step by means
of an electropositive metal and wherein at least one burning

product of said burning step is converted further in a reac-

tion step.

In a possible embodiment of this method the compound com-

prises carbon dioxide and/or nitrogen

BRIEF DESCRIPTION OF THE FIGURES

The following possible embodiments of the method and system
for converting carbon dioxide into chemical starting materi-

als are described with reference to the enclosed figures.

Fig. 1 shows a block diagram of a system for converting
carbon dioxide into chemical starting materials
used for synthesis processes according to a possi-
ble embodiment of the present invention;

Fig. 2 shows a flow chart of a possible embodiment of a
method for converting carbon dioxide into chemical
starting materials according to a possible embodi-
ment of the present invention;

Fig. 3 shows a diagram for illustrating post combustion

carbon dioxide capture by reduction of said carbon
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dioxide with an electropositive metal according to
a possible embodiment of the present invention;

Fig. 4 shows a diagram for illustrating a post combustion
carbon dioxide capture and reduction with Lithium
according to a possible embodiment of the present
invention.

Fig. 5 shows a diagram illustrating the utilization of a
lithium cycle to convert carbon dioxide into chemi-
cal starting materials and for generating electric-
ity according to a possible embodiment of the pre-

sent invention.

DETAILED DESCRIPTION OF EMBODIMENTS

As can be seen from fig. 1 a system 1 for converting carbon
dioxide CO, into chemical starting materials CSM used for
synthesis processes comprises in a possible embodiment two
stages. The system 1 comprises isolating means 1A for isolat-
ing the carbon dioxide from flue gas F emitted by a combus-
tion apparatus 2. The isclating means or isolating stage 1A
outputs the isolated carbon dioxide CO; to burning means or a
burning stage 1B provided for burning an electropositive
metal EPM in an atmosphere of said isolated carbon dioxide
CO, to reduce said carbon dioxide CO; into chemical starting
materials CSM. The electropositive metal EPM comprises in a
possible embodiment at least one element of the first, second
or third periodic group within the periodic table or Zinc. In
a preferred embodiment the electropositive metal EPM is
formed by a lithium metal. In the embodiment as shown in fig.
1 an electropositive metal EPM, such as lithium metal, is re-
generated from reaction products of the exothermic burning
reaction which takes place in the burning stage 1B of the
system 1. The reaction products of the exothermic burning re-

action are supplied to regenerating means or a regenerating
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stage 3 which is adapted to regenerate the electropositive
metal EPM from the reaction products supplied to the regener-
ating stage 3 by the burning stage 1B. As can be seen in fig.
1 chemical starting products or chemical starting materials
CSM formed by the reduction of the carbon dioxide CO, with
the electropositive metal EPM can be supplied to a synthetic

processing stage 4.

The system 1 for converting carbon dioxide into the chemical
starting materials CSM and the regenerating stage 3 form to-
gether a closed loop conversion system 5 as shown in fig. 1.
This closed loop conversion system 5 is also provided for
converting carbon dioxide into chemical starting materials
CSM and comprises in the shown embodiment three units or en-
tities. The closed loop conversion system 5 comprises the
isolating stage 1A adapted to isolate carbon dioxide from
flue gas emitted by the combustion apparatus 2, the burning
stage 1B being adapted to burn in an exothermic burning reac-
tion the electropositive metal EPM in an atmosphere of the
isolated carbon dioxide to reduce said carbon dioxide to
chemical starting materials CSM and the regenerating stage 3
adapted to regenerate the electropositive metal EPM from the
reaction products of the exothermic burning reaction which
takes place in the burning stage 1B. It can be seen in fig. 1
that the input to the closed loop conversion system 5 is the
flue gas F and the output of the closed loop conversion sys-
tem 5 is formed by the chemical starting material CSM which

can be used in a following synthetic chemical process.

The thermal energy TE provided by the exothermic burning re-
action of the electropositive metal EPM with said isolated
carbon dioxide CO; can be used to power a generator being
adapted to produce electricity. A part of the thermal energy

TE provided by the exothermic burning reaction of the elec-
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tropositive metal EPM with the carbon dioxide CO; can be fed
back from the burning stage 1B to the isolating stage 1A to
supply thermal energy to a desorption process of a carbon di-
oxide capture / isolation process performed in the isolating

stage 1lA.

The electropositive metal EPM shown in fig. 1 can be supplied
in an alternative embodiment by a separate source providing
said electropositive metal. In a possible embodiment the
electropositive metal EPM comprises at least one metal or
element of the first, second and third periodic group in the
periodic table, in particular lithium, sodium, potassium,

magnesium, calcium, strontium, barium, aluminium and zinc.

The system 1 in the closed loop conversion system 5 can be
integrated in a power plant comprising the combustion appara-
tus 2. This power plant can be for example a coal fired power
plant CFFP. Carbon C as well as air A is supplied to the com-
bustion apparatus 2. Heat generated by the exothermic burning
reaction of the supplied carbon C and the oxygen of the air A
is used as thermal energy and a heated-up fluid is pumped by
means of a pump 6 to a heat exchanger 7 provided within the
combustion chamber of the combustion apparatus 2 as shown in
fig. 1. The heated-up fluid is used in the shown embodiment
to drive a turbine 8, such as a steam turbine. The turbine 8
in turn drives an electric generator 9 for producing an elec-
tric current I. The heated-up fluid running the turbine 8,
such as steam, can then be fed back to the pump 6 via a con-
denser 10 which can be cooled by water coming from a cooling

tower getting its water from a river.

In a possible embodiment of the system 1 for converting car-
bon dioxide into chemical starting materials as shown in Fig.

2 the bufning stage 1B for burning the electropositive metal
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EPM in an atmosphere of the isolated carbon dioxide comprises
a second heat exchanger 11 supplying the heated fluid to a
second turbine 12 connected to a further generator 13 and to
a second condenser 14 which supplies the cooled fluid via a
second pump 15 to the heat exchanger 11 of the burning stage
1B. In the embodiment as shown in fig. 2 the heat exchanger
11 of the burning stage 1B is provided within a second closed
loop driving the second generator 13 by means of the turbine

12.

In a further embodiment the heat exchanger 7 of the combus-
tion chamber within the combustion apparatus 2 as well the
heat exchanger 11 within the burning stage 1B are connected
in series to form a closed loop in which a heatable fluid for

the turbines 8, 12 circulates.

According to the present invention the thermal energy pro-
vided by the exothermic burning reaction of the electroposi-
tive metal EPM with the isolated carbon dioxide can be used
to drive at least generators 9, 13 adapted to produce elec-
tricity. In the burning stage 1B the strong exothermic reac-
tion of carbon dioxide CO; with the electropositive metal
EPM, in particular lithium, produces a thermal energy that
exceeds 1100°C and which can power the steam turbine 12 and
the generator 13 to generate electricity. The thermal energy
TE can also be used for a carbon capture system of the iso-
lating stage 1A. Further the thermal energy produced by said
burning stage 1B is used in a possible embodiment to heat up
the electropositive metal EPM supplied to the burning stage
1B. The produced electricity not only can be added to the to-

_tal energy output of the power plant but can also be used to

power on-site energy intensive processes. In particular, the
produced electricity can also be used for synthesis processes

taking place in the synthesis stage 4 as shown in figs. 1, 2.
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The thermal energy provided by the reaction between the elec-
tropositive metal EPM and carbon dioxide can also be used to
power the carbon dioxide isolation or desorption process. The
thermal energy from the burning reaction of carbon dioxide
CO; with the electropositive metal EPM can be used in other
industrial processes and other applications such as district
heating of an area around the power plant. The thermal energy

produced by the burning stage 1B can also be stored.

At atmospheric pressure and temperatures exceeding 180°C,
i.e. the melting point of lithium, molten lithium can react
with isolated carbon dioxide CO; in the burning stage 1B to

provide either lithium oxide LiO, and carbon monoxide.

2 Li 4+ CO; & LiO + CO - 314,49 kJ/mol (in comparison: C + O
- CO, - 393,5 kJ/mol)

Further, molten lithium Li can react with carbon dioxide CO;
to form lithium oxide and carbon depending on the reaction’s
stoechiometry and kinetics vs. thermodynamics:

4 Li + CO; @2 2 Li0 + C - 204,6 kJ/mol

Carbon produced in this reaction can in turn react with ei-

ther excess carbon dioxide CO; to yield carbon monoxide:

C+ CO;, 2 2 CO + 172,5 kJ/mol

The generated carbon monoxide CO can further be converted

into methanol.

Further, the carbon can react with excess lithium Li to yield

lithium carbide:
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2C + 2Li = Li.C;

This lithium carbide Li,C; can further be converted into

acetylene.

Both carbon monoxide CO as well as lithium carbide Li,C; pro-
duced by the exothermic reaction in the burning stage 1B form
commercially valuable starting materials because they can be
converted respectively into chemical commodities such as
methanol via the commercial Fischer-Tropsch process and
acetylene following aqueous quench. Accordingly, carbon mon-
oxide CO and lithium carbide Li;C; form chemical starting ma-
terials CSM for a following synthesis processing stage 4 as
shown in figs. 1, 2. The produced acetylene itself forms an
important material for the synthesis of oxygenated olefins
via the metal-catalyzed Reppe chemistry and the formation of
ethylene for the polymer industry. The resulting lithium ox-
ide Li,O0 can also react further with excess carbon dioxide to

form lithium carbonate:

Li,0 + CO, > Li,COs

Lithium carbonate Li,CO; can itself decompose at the given

temperature back into lithium oxide Li,O0 and carbon dioxide:

Li,CO;3 > Li, 0 + CO;

(at relevant temperatures around 1500°C)

Further, it is possible that the lithium carbonate Li,CO3 re-
acts with carbon, present in the reaction medium, to generate

lithium carbide Li,C; and carbon monoxide:
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Li2C03 + 4C 2> Li,C, + 3 CO

Heat of formation (298k): Li,O = 597 kJ/mol; Li,CO3 = -1215,87
kJ/mol

Lithium carbonate is the solid reaction product of the carbon
dioxide reduction which takes place in the burning stage 1B.
Lithium carbonate is a stable and commercially wvaluable lith-
ium salt that can in turn be converted with aqueous hydro-
chloric acid (HCl) to lithium chloride, the starting material

for the generation of lithium metals by electrolysis.

Accordingly, the power plant as shown in the embodiments of
figs. 1, 2 is not only provided for generating electrical or
thermal energy but also for producing chemical starting mate-
rials CSM which can be used in a further synthesis process
performed by a synthesis processing stage 4 at the location
of the power plant or at a remote synthesis processing stage

4.

In a possible embodiment the used electropositive metal EPM
is formed by lithium. By burning the electropositive lithium
in the atmosphere of said isolated carbon dioxide can be used
based on the reaction’s stoechiometry, efficiency, CO, con-

version and ease of product separation.

Lithium can be heated up to temperatures T exceeding its
melting point of 180°C. The resultant molten lithium Li can
for instance have a temperature T in a range between 200°C
and 600°C or even more and is then injected into the reaction
chamber of the burning stage 1B. In order to increase the re-
action surface area and rate pressurized injection of atom-
ized molten lithium in the carbon dioxide gas flow is per-

formed. This can be realized by making use of an injection
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nozzle as part of the burning stage 1B. The necessary energy
for the lithium melting process can also be obtained from the
energy generated by burning lithium Li in the carbon dioxide
CO, within the burning or reaction chamber of the burning

stage 1B.

In an alternative implementation the reaction between lithium
Li and carbon dioxide CO, is performed as follows. In this
alternative implementation the reaction chamber of the burn-
ing stage 1B consists of a molten lithium bath or a molten
lithium alloy bath, for example at temperatures between 200°C
and 600°C. In this bath the pressurized carbon dioxide gas
flow is injected. Two lithium densities of about 0.53 g/cm’
solid reaction products deposit and are collected at the bot-
tom of the chamber whereas gaseous reaction products are col-
lected via an outlet at the top of the cell in the burning
stage 1B.

The regenerating stage 3 for regenerating the electropositive
material used for the exothermic chemical reaction of the
burning stage 1B can make use of a closed lithium cycle as
illustrated in fig. 5. In this embodiment the lithium metal
Li is regenerated from lithium carbonate Li,COs and lithium
oxide Li,0 generated as reaction products of the burning re-
action of lithium with carbon dioxide isolated from that gas
flue of the combustion system. The lithium carbonate Li,COj;
can be converted by means of aqueous hydrochloride acid into
lithium chloride which is converted by electrolysis into
lithium metal Li forming the electropositive metal EPM being
burned in the atmosphere of the isolated carbon dioxide. As
shown in the cycle of fig. 5 the electropositive metal EPM
such as lithium Li acts as energy storing medium and as an
energy conveyor. Electrical energy from renewable sources can

be used for electrolysis of lithium chloride LiCl to lithium



10

15

20

25

30

WO 2012/038330 PCT/EP2011/066073

16

metal Li. Further, the lithium Li is used to transfer the en-
ergy from renewable sources to a fossil-fuel powered process.
The reaction products of the exothermic reaction within the
burning stage 1B such as lithium oxide and lithium carbonate
are used to regenerate lithium via the lithium chloride in-
termediate, hence minimizing resource consumption. This is an
important attribute of the closed lithium cycle as shown in
fig. 5, especially when future global demand in lithium ion
sources is expected to increase as worldwide production of
lithium batteries for electronics and automotive applications

is expanded.

Fig. 3 shows a flow chart of a possible embodiment of a
method of converting carbon dioxide CO; into chemical start-

ing materials CSM according to the present invention.

In a first step S1 the carbon dioxide is isolated from the
flue gas emitted by a combustion system or a combustion appa-
ratus such as the combustion apparatus 2 shown in fig; 1 and

2.

In a further step S2 an electropositive metal EPM such as
lithium Li is burned in an atmosphere of said isolated carbon
dioxide CO, to reduce the carbon dioxide CO; into chemical

starting materials CSM.

In a further step S3 the electropositive metal EPM can be re-
generated from the reaction products of the exothermic burn-
ing reaction taking place in the burning stage 1B. In a pos-
sible implementation the reaction products of the exothermic
burning reaction are converted by electrolysis into the elec-

tropositive metal EPM.
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Fig. 4 shows a diagram of a post combustion carbon dioxide
capture process and its reduction with lithium metal. As can
be seen in fig. 4 a boiler or combustion chamber of a combus-
tion apparatus 2 receives an air feed A and a coal or carbon
feed C. The generated heat is used to produce steam which in
turn drives a steam turbine and generator such as the turbine
8 and the generator in figs. 1, 2. The generator 9 produces
electric power. The flue gas F undergoes in the shown imple-
mentation a selective catalytic reduction SCR and passes an
electrostatic precipitator EP before passing a desulfuriza-
tion stage DS. In a further stage 1A a carbon dioxide CO;
separation is performed by using monoethanolamine absorption
as shown in fig. 4. In a further stage a carbon dioxide de-
sorption, compression as well as liquefaction can be per-
formed. The isolated carbon dioxide CO, is then reduced in
stage 1B with lithium Li as shown in fig. 5. The chemical
starting materials CSM produced by this burning of lithium Li
within the carbon dioxide atmosphere are carbon monoxide CO
as well as acetylene as shown in fig. 4. Lithium Li can be

regenerated in a lithium cycle.

In the method for industrial use of a compound comprising
carbon dioxide the compound is converted in a burning step in
a burning stage 1B by means of an electropositive metal EPM
such as lithium wherein at least one burning product of said
burning step is converted further in a reaction step. The
chemical compound can comprise carbon dioxide and/or nitro-

gen.

In a preferred embodiment of the method and system according
to the present invention lithium Li is used as the electro-
positive metal EPM. Lithium comprises an electro negativity
of 0.98 according to the Pauling scale. Lithium Li is a sub-

stance which has the ability to react exothermically with
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carbon dioxide. The exothermic reaction can be used to gener-
ate thermal and electric energy. Further, lithium Li has the
advantage that it can be regenerated in a closed lithium cy-
cle as shown in fig. 5. Lithium has a low density and is a
very light material which is even lighter than water so that
it can be easily transported. In a possible embodiment the
regenerated lithium Li is transported as a metal in solid or
liquid form. In an alternative embodiment the lithium is
transported as lithium hydride in solid form. The lithium
metal can be mechanically processed easily because it 1is
relatively soft and can be cut with tools. Furthermore, lith-
ium has one of the lowest melting points among all metals
which facilitates the burning of lithium in the burning stage

1B.

The method and system for converting carbon dioxide into
chemical starting materials CSM is not restricted to the use
of lithium as an electropositive metal but can use other
electropositive metals EPM as well such as sodium, potassium,

magnesium, calcium, strontium, barium, aluminium or zinc.

The invention further provides a type of a power plant that
not only produces thermal and electrical energy but also
chemical starting materials CSM which can be used for further

chemical synthesis processes.

A power plant according to the present invention provides a
closed loop conversion system 5 which receives flue gas emit-
ted by a combustion chamber or combustion apparatus 2 of the

power plant.

In an alternative embodiment the combustion chamber within
the combustion apparatus 2 is provided within a mobile device

such as a car or transport vehicle such as a ship. In this
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embodiment the loop conversion system 5 receives a flue gas
from a combustion chamber 2 of a motor driving the vehicle.
In a possible embodiment the closed loop conversion system 5
of figs. 1, 2 are integrated in the vehicle and connected to
the motor of the vehicle. In this embodiment not only the
carbon dioxide CO; produced by the motor is eliminated but
also useful chemical starting materials CSM are produced. In
a possible embodiment the chemical starting materials CSM
output by the burning state 1B are sampled and stored in a
container for further use. Accordingly, the present invention
also provides a vehicle comprising a closed loop conversion

system 5 as shown in figs. 1, 2.
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1. A method for converting carbon dioxide into chemical
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starting materials,

the method comprising the steps of:

(a) isolating the carbon dioxide from flue gas emitted
by a combustion system;

(b) burning an electropositive metal in an atmosphere
of said isolated carbon dioxide to reduce said car-

bon dioxide into said chemical starting materials.

The method according to claim 1,

wherein said electropositive metal comprises at least one
metal of the following group:

Lithium, sodium, potassium, magnesium, calcium, stron-

tium, barium, aluminium or zinc.

The method according to claim 1,

wherein a thermal energy provided by the exothermic burn-
ing reaction of said electropositive metal with said iso-
lated carbon dioxide is used to power a generator being

adapted to produce electricity.

The method according to claim 3,

wherein a part of the thermal energy provided by the exo-
thermic burning reaction of said electropositive metal
with said isolated carbon dioxide is used to supply heat
to a desorption process of a carbon dioxide cap-

ture/isolation process.

The method according to claim 1,

wherein the electropositive metal is heated up to provide
a molten electropositive metal before burning said molten
electropositive metal in the atmosphere of said isolated

carbon dioxide.
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The method according to claim 1,
wherein said chemical starting materials are used in fur-

ther synthetic processes.

The method according to claim 1,
wherein the chemical starting materials produced by re-
ducing said carbon dioxide comprise carbon monoxide and

carbides.

The method according to claim 7,
wherein said produced carbon monoxide starting material
is further converted into carbon containing starting ma-

terials.

The method according to claim 7,
wherein said produced carbide starting material is fur-

ther converted into acetylene.

The method according to claim 1,

wherein said electropositive metal is regenerated from
reaction products of the burning reaction of said elec-
tropositive metal with the carbon dioxide isolated from

said flue gas of said combustion system.

The method according to claim 10,

wherein said electropositive metal is a lithium metal
which is regenerated from lithium carbonate and lithium
oxide generated as reaction products of the burning reac-
tion of lithium with the carbon dioxide isolated from

said flue gas of said combustion system.

The method according to claim 1,

wherein said carbon dioxide is isolated by a post combus-
tion carbon capture system comprising a coal fired power
plant (CFPP).

The method according to claim 11,
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wherein said lithium carbonate is converted by means of
aqueous hydrochloride acid into lithium chloride which is
converted by electrolysis into lithium metal forming the
electropositive metal being burned in said atmosphere of

isolated carbon dioxide.

The method according to claim 11,
wherein the regenerated lithium metal is transported for
reacting with the isolated carbon dioxide as a metal in

solid or liquid form or as lithium hydride in solid form.

A system for converting carbon dioxide into chemical

starting materials used for synthesis processes,

said system comprising:

- isolating means for isolating the carbon dioxide
from flue gas emitted by a combustion apparatus;

- burning means for burning an electropositive metal
in an atmosphere of said isolated carbon dioxide to
reduce said carbon dioxide into said chemical start-

ing materials.

The system according to claim 15 having means for using a
part of the reaction thermal energy provided by the exo-

thermic burning reaction of said electropositive metal
with said isolated carbon dioxide in a desorption process

of a carbon dioxide capture/isolation process.

A closed loop conversion system for converting carbon di-

oxide into chemical starting materials,

said closed loop conversion system comprising:

- 1isolating means adapted to isolate carbon dioxide from
flue gas emitted by a combustion apparatus;

- burning means adapted to burn in an exothermic burning

reaction an electropositive metal in an atmosphere of
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said isolated carbon dioxide to reduce said carbon di-
oxide to said chemical starting materials; and

- regenerating means adapted to regenerate said electro-
positive metal from by-products of said exothermic

burning reaction.

The closed loop conversion system according to claim 17,
wherein said regenerating means are adapted to convert
said by-products of said exothermic burning reaction by

electrolysis into said electropositive metal.

The closed loop conversion system according to claim 17,
wherein said regenerated electropositive metal comprises

a lithium metal.

A method for industrial use of a compound,

wherein said compound is converted in a burning step by
means of an electropositive metal and wherein at least
one burning product of said burning step is converted

further in a reaction step.

The method according to claim 20,
wherein said compound comprises carbon dioxide and/or

nitrogen.

A power plant comprising

a combustion apparatus for burning a carbon containing
material in an atmosphere comprising oxygen and

a system according to claim 15 for converting carbon di-
oxide within flue gas output by the combustion appara-

tus.

The power plant according to claim 22 having means for

using a part of the reaction thermal energy provided by
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the exothermic burning reaction of said electropositive
metal with said isolated carbon dioxide in the desorp-
tion process of the carbon dioxide capture/isolation

process.

A vehicle comprising

a combustion apparatus for burning a fuel containing
carbon in an atmosphere comprising oxygen and

a system according to claim 15 for converting carbon di-
oxide within flue gas output by the combustion appara-

tus.



PCT/EP2011/066073

WO 2012/038330

1/5

HINAS

<*—INSI

i !
i i
[ I T i~
m ( i
i : |
| .
| / "
! e I A .
| 1 I £og
| R A
m m - __ L\ e
i _ g — I _mw_._‘lmm
L o) ] 7
L (o a
o al vl
e ptiushivhivsiivsiippiippippipiyivsiiviivivsiippitppitppitpioell
—9) 1 8
I V\
@ -
@
i
0 9

| Ol



PCT/EP2011/066073
2/5

WO 2012/038330

cl

e |
—(9) 1 Nd B ™G
v “ m
€l R i
M\ i "
| — i
/ V\ i / i /. ¢
| H
v S B s Ri— f /7y
m _ - __ L\ -
NS |t \my = | =
i i el
/ A (o a
! AL v
G —e——— _.I T T T T T T T T
—©® 1 8
1y
@ -
(@)
77
o 9

¢ I



WO 2012/038330 PCT/EP2011/066073

3/5

FIG 3

| _—S?

|~ 53




PCT/EP2011/066073

WO 2012/038330

4/5

NSO
A
/ \
aus|fjgoe )

NS

ABJau7g [ewiay]

dl

a

WwaisAs uonoejanbi
% U0IsSaldwon

RO 1}ISRIRY

1aMod 911399|7
A

e RO 1}ISRIRY JoJelauay)
‘vondiosag o9 [ /auign] weajs [+~
SPIj0s 1o

\E:M%@ %/ﬂf Wea)S
«— )33 |00
VI f— S0 [ d 43S [« Jsllog Tmmh__zo

An|s
SBL) YOR)S 9U0)SaLLIT/AWIT Usy Wwonog

7 9



PCT/EP2011/066073

WO 2012/038330

5/5

f1011103]3

-

ABJaus [ewway]

S|anJuAs o
S|ealWsay9 aul

©00¢n

(*00%7=—“02+0°1)S
%= +112

92+ 0% =002 +118

00+0°¢=—00+I1¢
:U0ISIBALOD ()

\
)

seb any)
wol €09

uoljesausd
[BloW 17

yd

0°H+10H

{
\

|01

SISA|01103)3
WnIyN| Joj A11o11309]3

“~

90In0S
9|qPMaUaY

G Ol



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings

