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using carbon dioxide (101) and using renewable electrical energy and fossil fuels (117). A portion of renewably produced methanol
and a portion of methanol that Is produced by means of non-renewable electrical energy and/or direct reduction and/or partial
oxidation and/or reforming are provided.
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(57) Abstract: The mvention relates to methods and systems (100) for providing storable and transportable carbon-based energy
sources (108) using carbon dioxide (101) and using renewable electrical energy and fossil tfuels (117). A portion of renewably
produced methanol and a portion of methanol that 1s produced by means of non-renewable electrical energy and/or direct reducti-
on and/or partial oxidation and/or reforming are provided.

(57) Zusammenfassung: Die Erfindung betrifft Verfahren und Anlagen (100) zum Bereitstellen speicherbarer und transportabler
kohlenstoft-basierter Energietrager (108) unter Einsatz von Kohlendioxid (101) und unter Eimnsatz von regenerativer elektrischer
Energie und von fossilen Brennstoffen (117). Es werden ein Anteil von regenerativ erzeugtem Methanol und em Anteil von Me-
thanol bereit gestellt, der mittels nicht-regenerativer elektrischer Energie und/oder mittels Direktreduktion und/oder iiber partielle
Oxidation und/oder iiber Reformierung erzeugt wird.
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Method and system for providing a hydrocarbon-based energy carrier using a

portion of renewably produced methanol and a portion of methanol that is produced

by means of direct oxidation, partial oxidation, or reforming

[0001] The present application relates to methods and systems for providing
storable and transportable carbon-based energy carriers using renewably produced
methanol and using methanol that is produced by means of direct oxidation or partial

oxidation or reforming.

[0003] Carbon dioxide CO2 is a chemical compound made of carbon and
oxygen. Carbon dioxide is a colorless and odorless gas. At a low concentration, it is a
natural component of the air and arises in living beings during cell respiration, but also
during the combustion of carbon-containing substances in the event of sufficient
presence of oxygen. Since the beginning of industrialization, the CO: portion in the
atmosphere has risen significantly. The main causes for this are the CO2 emissions
caused by humans — so-called anthropogenic CO2 emissions. The carbon dioxide in the
atmosphere absorbs a part of the thermal radiation. This property makes carbon dioxide
a so-called greenhouse gas (GHG) and one of the contributory causes of the global

greenhouse effect.

[0004] For these and also other reasons, research and development is currently
being performed in greatly varying directions to find a way to reduce the anthropogenic
CO2 emissions. In particular in connection with power generation, which is frequently
performed by the combustion of fossil energy carriers such as coal, oil, or gas, but also

using other combustion processes, for example, waste
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combustion, there is a great need for reduction of the CO, emissions. Over 20

billion tons of CO, per year are discharged into the atmosphere by such processes.

[0005] Inter alia, the principle of climate neutrality is sought, in that
approaches are being pursued in which attempts are made to compensate for
power generation connected with CO, emissions through aiternative energies. This
approach is shown in very schematic form in Figure 1. Emitters of greenhouse
gases (GHG), such as industrial firms (e.g., automobile producers) 1 or power plant
operators 2, invest or operate wind farms 3, for example, at other locations in the
scope of compensation projects, in order to generate power therein without GHG
emissions. Climate neutrality can thus result in absolute terms. Numerous

companies are attempting to purchase a "climate-neutral record” in this way.

[0006] Wind and solar power plants which convert renewable energies into
electrical power have an unsteady power delivery, which makes system operation
according to the requirements of an integrated electric network extraordinarily
difficult and causes system and operating costs for additional reserve and frequency
regulation systems. The power generation costs of wind or solar power plants are
thus additionally substantially burdened accordingly in relation to power plants

which can directly follow the power requirements of the integrated network.

[0007] It is considered to be a problem that currently nearly all renewable

electrical power which is generated is fed into the public AC voltage integrated
network, whose frequency can only vary within very narrow limits (e.g., +/- 0.4%).
This can only be achieved if the power generation in the network is practically
always equal to the consumption. The necessity of always having to maintain the
sufficient reserve and frequency regulatory capacities for wind and solar power
plants results in a corresponding increase of the cost of the power supply using
these systems. Wind and solar power plants in the integrated electric network

therefore result in further "hidden" costs and problems.

[0008] With the current state of construction of wind power plants in many
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countries, the electrical power supply network can already be subject to serious
problems if, for example, as a result of a lack of wind or strong wind, the wind
power fails to a large extent, above all if this failure occurs suddenly and
unexpectedly. In any case, however, reserve and frequency regulatory capacities

adapted to the installed wind and solar performance are necessary.

[0009] Therefore, solar and wind power plants which feed into an integrated
electric network can hardly replace the installed performances of other power plants
in the integrated network. This has the result that solar and wind power can
approximately only be valued at the saved fuel costs of the other thermal power

plants present in the network.

[0010] According to the priority applications mentioned at the beginning, the
renewable forms of energy can be combined particularly advantageously with fossil
forms of energy. Such a combination allows hydrocarbon-based energy carriers to
be produced in corresponding Silicon Fire systems. These Silicon Fire systems are

particularly capable of producing methanol therewith.

[0011] The object presents itself of providing a method which is capable of
producing storable hydrocarbon-based energy carriers, for example, as fuels or
combustibles, in such a way that the (total) CO, balance of these fuels or
combustibles is improved in relation to previously known approaches. The provision
of these energy carriers is to be performed with the most minimal possible emission
of CO,, and the use of these energy carriers is to contribute to a reduction of the
worldwide emission of CO,.

[0012] A method and a system (device) for providing storable and

transportable energy carriers is provided according to the invention.

[0013} According to a first embodiment of the invention, carbon dioxide is used
as the carbon supplier. The carbon dioxide is preferably withdrawn from a

combustion process or an oxidation process of carbon or hydrocarbons by means of
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CO; capture. In addition, electrical DC power is provided. The DC power is

substantially generated by means of renewable enerqgy, and is used to perform
electrolysis of water or an aqueous solution, to thus produce hydrogen and oxygen
as intermediate product. The carbon dioxide is then caused to react with the

hydrogen, in order to convert these products into a first methanol portion.

[0014] A second methanol portion is produced either by direct oxidation
(oxidative transformation) of a hydrocarbon, preferably methane-containing natural
gas, or from a synthesis gas, which essentially consists of carbon monoxide CO and
hydrogen H,. This synthesis gas is produced either by partial oxidation of
hydrocarbons, e.g., methane-containing natural gas, with oxygen or by reforming
carbon, e.g., coal, or hydrocarbons, e.g., natural gas, oils, or biomasses, with
oxygen and/or carbon dioxide and/or water vapor, according to the invention, the
oxygen for the direct oxidation or for the production of the synthesis gas essentially
or completely originating from the same electrolysis of water or an aqueous
solution, using which the hydrogen for the first methanol portion is also produced.
This oxygen can be buffered if needed. The reforming can preferably also be
performed as autothermal reforming, in which the exothermic partial oxidation and
the endothermic reforming using water vapor and/or carbon dioxide are combined
so that the combined overall reaction runs without heat exchange with the

environment, i.e., autothermally.

[0015] Carbon dioxide as the carbon supplier can also be taken according to
the invention from crude natural gas, which can have over 10% carbon dioxide
portion depending on the natural gas source. Carbon dioxide can also originate

from processes of lime burning or calcination to form soda, for exampie.

[0016] According to the invention, the most consistent and long-term possible
system operation of a corresponding Silicon Fire system is sought, which is

achieved by the combination of the production of the first (renewable) methanol

portion with the production of the second (substantially fossil) methanol portion.
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[0017] The Silicon Fire system according to the invention is controlled and the

individual processes are "linked" with one another so that

- the total yield of the reaction products is as maximal as possible,

- and/or the (total) CO, emission is as minimal as possible,

- and/or the most consistent and long-term possible system utilization is
achieved,

- and/or the product-specific investment and operating costs of the
regenerative power plant and the Silicon Fire system are as minimal as
possible.

[0018] According to the invention, the electric power from wind and/or solar
power plants is not consumed in an integrated network, but rather converted in a
Silicon Fire system into methanol as a relatively easily storable and transportable
form of energy. I.e., the renewable energies are chemically converted into a
relatively easily storable and transportable form of energy.

(0019] It is a further advantage of the direct transfer into a relatively easily
storable and transportable form of energy that the energy conversion efficiency is
increased, since in the case of photovoltaic systems, no inverters are necessary for
producing AC voltage and in general a remote transport of the electrical power,

which is subject to losses, via long high-voltage lines is not necessary.

[0020]} In addition, the fossil gaseous raw material methane can be converted
in an efficient chemical process directly into liquid methanol, which is again

relatively easily storable and transportable in relation to a gas.

[0021] The production costs of renewable electrical power from solar and wind
power plants are relatively high for the foreseeable future. This has the result that
even in the case of direct usage of this electrical power for chemical processes, as
proposed here, the chemical products produced solely therewith are substantially

more expensive than conventionally - typically fossil - produced products.



CA 02769950 2012-02-02

6

[0022] To remedy this disadvantage, in the Silicon Fire system according to the

invention, a combination, which is preferably as economically and ecologically
optimum as possible, of the production of a first substantially renewable methanol
portion with the production of a second preferably substantially fossil methanol
portion is implemented, the oxygen required for the production of the second
methanol portion substantially or completely originating from the electrolysis

process, using which the hydrogen for the first methanol portion is produced.

[0023] In times of electrical peak demand in the integrated electric network,
the regenerative power can also be fed into the integrated network - to achieve

higher profits. This feeding is optional.

[0024] Instead of feeding the unsteadily occurring renewable electrical power
from wind and/or solar power plants into an integrated electric network and
compensating for and regulating its variations and failures through other power
plants or storage systems, a chemical Silicon Fire system is preferably operated
using the electrical power, in order to produce methanol as a relatively easily

storable and transportable form of energy.

[0025] The production of methanol as a relatively easily storable and
transportable form of energy can be reduced or even interrupted at any time. The

"chemical system parts" for producing both the first substantially renewable and
also the second preferably substantially fossil methanol portion can be reduced or
shut down relatively easily and rapidly. The decision-making authority is in the area

of responsibility of the operator of the Silicon Fire system here.

[0026] Methanol can be used as an additional energy buffer. Thus, for example,
methanol can be stored to be able to provide additional electrical power in the case
of peak power demand in the integrated electric network. Methanol can, as needed,

either be combusted in thermal power plants, or electrical power can be generated
therewith in fuel cells (e.q., direct methanol fuel cells; referred to as MFC).
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[0027] If needed, the methanol can be converted catalytically into a cracked gas
made of hydrogen and carbon monoxide before the combustion. Advantages result

therefrom, which can be inferred from the detailed description.

[0028] The present invention is based on hydrogen production with the aid of
electrical power, which is generated renewably as much as possible and originates from
wind and/or solar power plants, for example, in combination with the reaction of the
hydrogen with carbon dioxide to form a first methanol portion. Hydrogen thus does not
need to be stored or highly compressed or liguefied by cryogenic cooling and
transported over large distances, but rather is used as an intermediate product, which is
preferably reacted at the location of its production. According to the invention, an
energy-converting process, in which solar energy or wind power Is converted into
electrical power, follows material-converting (chemical) processes, namely the
iIntermediary provision of hydrogen and the conversion of the hydrogen together with
carbon dioxide to form the first methanol portion. The second methanol portion is also
produced according to the invention by material-converting (chemical) processes, by
direct oxidation of hydrocarbons and/or via partial oxidation of hydrocarbons and/or via
reforming of carbon or hydrocarbons, the oxygen required for this purpose substantially

or completely originating from the electrolysis for the first methanol portion.

[0029] A novel solution in energy technology is provided according to the
iInvention, while complying with corresponding guidelines for energy technology, system
technology, and economics, together with the requirement for careful usage of all

material, energetic, and economic resources.

[0029-a] An embodiment of the invention relates to a method for providing storable

and transportable energy carriers having the following steps:
- providing carbon dioxide (CQOz2) as a carbon supplier,

- providing electrical direct current energy power, which is generated by

means of renewable energy technology,

- performing an electrolysis using this electrical direct current energy power

to produce hydrogen (Hz) as an intermediate product,
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- combining the hydrogen (H2) and the carbon dioxide (CO3), to react them

to form a first methanol portion,

- providing gas containing a lot of oxygen, which arises during the

performance of the electrolysis,
- providing hydrocarbon-containing gas,

- performing an oxidation of the hydrocarbon-containing gas using the gas
containing a lot of oxygen to react the hydrocarbon-containing gas to form

a second methanol portion.

[0029-b] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that, in a further step, the first methanol portion is
combined with the second methanol portion to obtain the storable and transportable

energy carrier.

[0029-c] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the gas containing a lot of oxygen is used during
the performance of a direct oxidation, the second methanol portion being produced by

this direct oxidation.

[0029-d] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the gas containing a lot of oxygen is temporarily

stored.

[0029-¢e] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the carbon dioxide (CO3) is withdrawn from a

combustion process or an oxidation process by means of COz capture.

[0029-1] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the carbon dioxide (CO;) is withdrawn from a
system which frees crude natural gas from a carbon dioxide portion during the

purification.

[0029-g] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the electrolysis is a water electrolysis, in which
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hydrogen (Hz2) and the gas containing a lot of oxygen are produced directly from water

or an aqueous solution (H20).

[0029-h] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the direct current energy power is delivered by

sunlight by means of a solar thermal system and/or a photovoltaic system.

[0029-i] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the hydrocarbon-containing gas is a methane-

containing gas.

[0029-)] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the hydrocarbon-containing gas is produced from

carbon-containing material.

[0029-k] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the second methanol portion is produced by a

reforming process via the pathway of synthesis gas.

[0029-]] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that the reforming is autothermal reforming.

[0029-m)] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that, the first methanol portion and/or the second
methanol portion are reacted to form cracked gas, essentially consisting of carbon

monoxide and hydrogen.

[0029-n] Another embodiment of the invention relates to the method defined
hereinabove, characterized in that, in an intermediate step before the reaction to form
the second methanol portion, a synthesis gas is produced, which essentially consists of
carbon monoxide CO and hydrogen H:, this synthesis gas being produced by a partial
oxidation of hydrocarbons.

[0029-0]} Another embodiment of the invention relates to a system for providing a
storable and transportable energy carrier, having
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- a system for generating a first energy portion in the form of direct current

energy power from at least one renewable energy source,

- an electrolysis device for providing hydrogen as an intermediate product
and for providing gas containing a lot of oxygen, the energy demand of
this electrolysis device being covered with more than 80%, by the first

energy portion,
- a carbon dioxide supply for introducing carbon dioxide,

- a reaction area for producing a first methanol portion, the hydrogen

reacting with the carbon dioxide in the reaction area,

- a reaction system for producing a second methanol portion, the gas
containing a lot of oxygen having an oxidation reaction with a

hydrocarbon-containing gas in the reaction system,
- a withdrawal for the first methanol portion, and having
- a withdrawal for the second methano! portion.

[0029-p] Another embodiment of the invention relates to the system defined
hereinabove, characterized in that it comprises means for providing methanol in the

form of a mixture of the first methanol portion and the second methanol portion.

[0029-q] Another embodiment of the invention relates to the system defined
hereinabove, characterized in that it comprises a controller, which is designed for the

purpose of controlling the methods which run in the individual system parts.

[0029-1] Another embodiment of the invention relates to the system defined
hereinabove, characterized in that a software-based decision process Is implemented

In the controlier, so that between 15% and 40% is provided as the first methanol portion

and the remaining 85% to 60% is provided as the second methanol portion.

[0029-5s] Another embodiment of the invention relates to the system defined
hereinabove, characterized in that a software-based decision process Is implemented

In the controller, so that approximately one-fourth is provided as the first methanol
portion.
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[0029-1] Another embodiment of the invention relates to the system defined

hereinabove, characterized in that energy and/or mass streams are regulated and/or

controlled in the system using the controller via control or signal lines.

[0029-u] Another embodiment of the invention relates to the system defined

hereinabove, characterized in that it comprises a reaction area for producing a
synthesis gas, which essentially consists of carbon monoxide CO and hydrogen Hz, this
synthesis gas being produced in the reaction area by a partial oxidation of

hydrocarbons.

[0029-V] Another embodiment of the invention relates to the system defined
hereinabove, characterized in that the reaction system is designed as a system for
producing the second methanol portion via the pathway of synthesis gas from reforming

reactions.

[0029-w] Another embodiment of the invention relates to the system defined

hereinabove, characterized in that the reforming is autothermal reforming.

[0030] Another embodiment of the invention relates to the system defined
hereinabove, characterized in that it is designed for the purpose of producing cracked
gas, essentially consisting of carbon monoxide and hydrogen, from the first methanol

portion and/or the second methanol portion.

[0031] Various aspects of the invention are schematically shown in the drawings,
in the figures:
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Figure 1: shows a schematic diagram, which illustrates the principle of climate
neutrality through investment in or operation of compensation
projects;

Figure 2: shows a schematic diagram, which shows the fundamental steps of the
method according to the international priority application mentioned at
the beginning, or a corresponding Silicon Fire system,;

Figure 3: shows a schematic diagram which shows the fundamental steps of the
method according to the invention, or a corresponding Silicon Fire

system.

[0032] The method according to the invention is based on a novel concept,
which, employing existing starting materials, provides so-called reaction products,
which are either usable directly as energy carriers or are usable indirectly as energy

carriers, i.e., after the execution of further steps.

[0033] The term energy carrier is used here for materials which can be used
directly either as a fuel or combustibie. Specifically, this relates to methanol 108.1,
108.2.

0034} The transportability of the energy carrier is characterized here by the

chemical reaction potential.

[0035] In the case of methanol 108.1, 108.2 as the energy carrier, certain
boundary conditions are to be maintained during storage and during transport,
which are similar to the conditions for handling other fossil liquid fuels and
combustibles. The existing infrastructure can be used without problems here. On
the material side, certain adaptations may be necessary in order to take the
corrosive properties of the methanol into consideration, for example. The safety
measures, e.q., with respect to health, fire, and explosion protection, are also to be
adapted.

10036] Figure 2 shows a schematic block diagram of the most important
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modules/components or method steps of a Silicon Fire system 100 according to the
international priority application mentioned at the beginning. This system 100 is
designed so that a method for providing storable and transportable energy carriers
108 can be executed. The corresponding method is based on the following
fundamental steps.

[0037] Carbon dioxide 101 is provided as the carbon supplier. The required
electrical DC power E1 is generated here as much as possible by means of
renewable energy technology and provided to the Silicon Fire system 100. Solar
thermal systems 300 and photovoltaic systems 400, which are based on solar
modules, are particularly suitable as the renewable energy technology. It is also
possible to provide a combination of both system types 300 and 400, since the area

required in relation to the electrical power for a solar thermal system 300 is less

than that of a photovoltaic system 400.

(0038] According to Figure 2, water electrolysis 105 is performed using the
electrical DC power E1, in order to produce hydrogen 103, or hydrogen ions, as an
intermediate product.

[0039] A system 100 is shown in Figure 2, which is constructed so that it
remedies or compensates for the disadvantages mentioned at the beginning. For
this reason, in the Silicon Fire system 100 according to the invention, a cost-
effective and ecologically optimum combination of renewable power supply (by the
systems 300 and/or 400) and conventional power supply, shown by a part of an
integrated network 500 here, is preferably implemented. This Silicon Fire system
100 therefore provides using the renewable electrical energy E1 substantially
directly in accordance with its occurrence for chemical reactions (the electrolysis
reaction 105 here) and thus chemically bonding and storing it. A further portion of
the required energy is obtéined from the integrated network 500. This portion is
converted into direct current (power) E2. A corresponding converter 501 is used for
this purpose, as indicated in schematic form in Figure 2. The corresponding system

parts or components are also designated here as the power supply system 501.
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[0040]} The power supply of the system 100 according to Figure 2 is controlled
and regulated by means of an intelligent system controller 110. In principle, the
respective instantaneously available excess power portion E2 is drawn from the
integrated network 500, while the other power portion (E1 here) is obtained as
much as possible from a system including solar power plant 300 and/or 400 (or
from a wind power plant). An intelligent reversal of the previous principle thus
occurs here, in which the energy variations of renewable energy systems 300, 400
are captured by turning conventional systems on and off. Therefore, additional
performance and frequency regulation capacities do not have to be maintained in
the integrated network 500 for the renewable power plant systems to operate a
Silicon Fire system 100. This principle allows the operator of a Silicon Fire system
100 to incorporate additional technical and economic parameters in the control of
the system 100. These parameters are so-called input variables I1, 12, etc., which
are incorporated by the controller 110 in decisions. A part of the parameters can be
predefined within the controller 110 in a parameter memory 111. Another part of
the parameters can come from the outside. This can include, for example, price

and/or availability information from the operator of the integrated network 500.

[0041] A system 700 according to the invention is shown in Figure 3, which is
constructed so that the disadvantages mentioned at the beginning are remedied or
compensated for. A part of this system 700 corresponds to the system 100
according to Figure 2. Therefore, reference is made in this regard to the preceding
description of the corresponding elements.

[0042] As 'described, hydrogen 103, which is reacted to form a first methanol
portion 108.1, is produced by water electrolysis 105. The energy for this purpose
originates entirely or substantially (preferably more than 80%) from renewable
power sources 300 and/or 400. During the water electrolysis 105, oxygen 109
arises as a "byproduct". This oxygen 109, or a correspondingly gas containing a lot
of oxygen, can be withdrawn from the electrolysis system 105 via an oxygen

withdrawal 115. An optional oxygen buffer 116 is shown in Figure 3. Methane or
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methane-containing gas 117 is provided in the embodiment shown. Another
hydrocarbon-containing gas can also be used here. This methane or methane-
containing gas 117 can originate from a gas delivery system or, for example, from
a biogas system. Methane, or the methane-containing gas 117, is now reacted in a
reaction system 118 (e.g., by means of direct oxidation) to form a second methanol
portion 108.2. The first methanol portion 108.1 and the second methanol portion
108.2 can be cobmined (mixed). This optional step is shown in Figure 3 by the
reference signs 701 and 702. The controller 110 can regulate this procedure and

adjust the dosage of the portions 108.1 and 108.2, as shown by the optional
control or signal line 119.

[0043] An array of further control or signal lines can be provided, as shown on
the basis of the lines 112, 113, and 114 shown as examples. These lines 112, 113,
and 114 control energy or mass streams. In order to be able to regulate the mass

streams on the input side of the reaction system 118, optional control or signal
lines 703 and 704 can be provided.

[0044] So-called software-based decision processes are implemented in the
system controller 110. A processor of the controller 110 executes control software
and makes decisions in consideration of parameters. These decisions are converted
into switching or control commands, which cause the control/regulation of energy

and mass streams via control or signal lines 112, 113, 114, 119, 703, 702, for
example.

[0045] According to one embodiment of the invention, carbon dioxide 101 is
used as the carbon supplier, as schematically indicated in Figure 3. The carbon
dioxide 101 is preferably withdrawn from a combustion process 201 or an oxidation
process via CO, capture (e.g., a Silicon Fire flue gas purification system). The
carbon dioxide 101 can also be separated from crude natural gas and provided,
however. Furthermore, electrical DC power E1 is provided. The DC power E1 is
generated substantially renewably (e.g., by one of the systems 300 and/or 400 in

Figure 3). The DC power E1 is used to perform water electrolysis, to produce
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hydrogen 103 as an intermediate product. The electrolysis system, or the
performance of such an electrolysis, is identified in Figure 3 by the reference sign
105. The carbon dioxide 101 is then caused to react with the hydrogen 103 (e.g.,
by methanol synthesis), in order to react the (intermediate) products 101, 103 to
form methanol 108.1. The reaction can be performed in a reaction container 106,
and the withdrawal or the provision of the methanol is identified in Figure 3 by the

reference sign 107.

[0046] Further fundamental details of this method and the corresponding

Silicon Fire system 700 are described hereafter.

[0047] Water electrolysis employing direct current E1 is suitable in order to be
able to produce hydrogen 103 as an intermediate product. The required hydrogen
103 is produced in an electrolysis system 105 by the electrolysis of water H,0:

H,O - 286.02 k] = H, + 0.50,. (Reaction 1)

The required (electrical) power E1 for this reaction of 286.02 kJ/mol corresponds to
143,010 k] per kilogram H,.

[0048] The synthesis of the methanol 108.1 (CH3;0H) runs in the Silicon Fire

system 700 according to the exothermic reaction between carbon dioxide 101 (CO;)
and hydrogen 103 (H;), as follows:

CO, + 3H, = CH30H + H,0 - 49.6 k] (gaseous methanol). (Reaction 2)

[0049] The corresponding reaction heat W1 of 49.6 kJ/mol = 1550 kJ per
kilogram methanol = 0.43 kWh per kilogram methanol is dissipated from the
corresponding synthesis reactor 106. Typical synthesis conditions in the synthesis
reactor 106 are approximately 50 bar and approximately 270°C, so that the
reaction heat W1 can also be used, for example, for a seawater desalination system

or heating system located nearby.
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[0050] The methanol synthesis 106 is preferably performed using catalysts, in
order to keep reaction temperature and pressure and reaction time low and in order

to ensure that high-quality (pure) methanol 108.1 results as the reaction product.

[0051] In another preferred embodiment of the invention, methanol synthesis
is performed according to an electrolysis method propagated by Prof. George A.
Olah. Details in this regard can be taken, for example, from the book "Beyond Oil
and Gas: The Methanol Economy", George A. Olah et al., Wiley-VCH, 1998, ISBN O-
471-14877-6, chapter 11, page 196. Further details can aiso be inferred from US
Patent Application US 2009/001-4336 Al. Prof. George A. Olah describes the

methanol synthesis by electrolysis of CO, and H,O as follows:

CO, + 2H,0 - 682.01 k] = CH;OH +1.50,. (Reaction 3)

[0052] In this reaction, CO and H, arise in an intermediate step in a ratio of
approximately 1:2. In addition, O, 109 arises, which is used further in the reaction
system 118. The CO and H, which arises on a cathode can be reacted using a
copper-based or nickel-based catalyst to form methanol. The synthetic pathway
according to reaction 3 is connected with a theoretical supply of 682.01 kJ = 0.189
kWh electrical power per mol of produced methanol 108.1.

[0053] If the Silicon Fire system 700 is located close to a CO; source,
liquefaction of CO, for the transport can be dispensed with. Otherwise, it is
relatively simple according to the prior art to liquefy the CO, and also to move it
over large distances to a Silicon Fire system 700. If liquefaction is omitted, and
optionally storage and transport over a long distance, the CO, is conceivably
available cost-neutral in consideration of CO, avoidance credits. The costs for the

"acquisition” of the CO, are also relatively low in case of a transport.

[0054] If the reaction system 118 of the Silicon Fire system 700 is located close

to the O, source (e.qg., the electrolyzer 105 here), liquefaction for transport and
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long-range transport of even O, 109 can be omitted.

[0055] It is indicated in Figure 3 on the basis of the dashed arrow 112, which
originates from the controller 110, that the controller 110 regulates the energy
stream E1. The arrow 112 represents a control or signal line. Other possible control
or signal lines 113, 114, 703, 704 are also shown. For example, the control or
signal line 103 regulates the CO, quantity which is available for the reaction 106.
For example, if less hydrogen 103 is produced, less CO, must also be supplied. The
optional control or signal line 102 can regulate the H, quantity, for example. Such a
regulation is advisable, for example, if there is a hydrogen buffer, from which
hydrogen 103 can be withdrawn, even if no hydrogen or less hydrogen is being
produced at the moment by electrolysis 105. The optional control or signal line 703

can regulate the supply of the methane 117 and the optional control or signal line
704 can regulate the supply of the oxygen 1009.

[0056] Experiments have shown that it is particularly cost-effective and
environmentally advisable if the Silicon Fire system 100 is designed or controlled so
that between 15% and 40% is produced as the methanol portion 108.1 from
renewable power, while the remaining 85% to 60% is provided as the methanol

portion 108.2 from hydrocarbon sources (e.q., from methane 117).

[0057] An embodiment of the system 100 is particularly preferred which
provides the acquisition of cost-effective electrical power in the low load times from
an integrated network 500 (as in Figure 2).

[0058] The aspects of the various embodiments may be combined without
problems by a corresponding design of the controller 110.

[0059] Further fundamental aspects of the method according to the invention

for providing storable and transportable energy carriers are shown hereafter.

[0060] The synthesis of regenerative methanol CH;OH from carbon dioxide CO,
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and hydrogen H, is known, which is produced via the (endothermic) electrolysis of

water using renewable electrical power according to reaction 1, as already

mentioned above.
H,O - 286.02 k] = H, +0.50,. (Reaction 1)

[0061] The exothermic methanol synthesis (reaction 2, as already mentioned

above) is represented by the summation formula:
CO, + 3H; = CH30H + H,;0 - 49,6 k] (gaseous methanol). (Reaction 2)

[0062] The renewable electrical power E1 used has the disadvantages in
particular in the case of wind and solar power that it is relatively costly and is only

available irregularly and with time restrictions.

[0063] Therefore, it is proposed and claimed here that the renewable
production of methanol using renewable electrical power E1 according to reactions
1 and 2 be supplemented by a methanol synthesis (in the reaction system 118)
based on the raw material natural gas having the main component methane CH,
117, or based on other carbon starting materials or hydrocarbon starting materials.

This synthesis can be performed, for example, by exothermic direct oxidation
(oxidative transformation, oxidative conversion) of the methane 117 according to

the summation formula:
CH4 + 0.50; = CH3;0H - 167.5 kJ/mol. (Reaction 4)

[0064] This reaction 4 is referred to here as direct oxidation.

[0065] However, the pathway via partial oxidation (see reaction 5) or reforming
(see reactions 7 and/or 8) (preferably as autothermal reforming) can also be
selected, in order to arrive at the second methanol portion 108.2 via the pathway of

synthesis gas (essentially comprising carbon monoxide and hydrogen here).
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[0066] The fact that the (pure) oxygen 109 or the gas containing a lot of
oxygen, for reaction 4 or also for the partial oxidation or the reforming, originates

directly or in buffered form from the hydrolysis reaction 1 or the reaction 3 is novel
above all here. If the (pure) oxygen 109, or the gas containing a lot of oxygen, is
taken from the hydrolysis reaction 1, according to the mass ratios of the reactions
1, 2, and 4, the oxygen from reaction 1 is sufficient to provide at most three times
more methanol 108.2 using reaction 4 than using reaction 2, or, if all oxygen 109
from reaction 1 is used, all of the produced methanol originates one-fourth from the

“"renewable” reaction and three-fourths from the "fossil" reaction 4 (e.g., the direct

oxidation).

[0067] By reducing the methanol portion from reaction 4, the "renewable”
portion 108.1 of the total methanol production can be increased, e.g., also having
corresponding effects on the CO, balance of the overall methanol production and

the specific CO, emissions during the combustion of the "total" methanol for heat

generation or as a fuel.

[0068] In practice, the available renewable electrical power E1 is preferably
maximally utilized to produce "renewable" methanol 108.1 according to reactions 1
and 2 and the portion of the "fossil" methanol 108.2 produced according to reaction

4 is adjusted according to economic and ecological targets and boundary conditions
up to the maximum possible value, e.q., according to the desired specific CO,
emission of the "total” methanol in the case of combustion or according to the

current price and the availability of the natural gas or according to the "total"

quantity of methanol to be produced or according to the prices of the various

methanol portions 108.1, 108.2,

[0069] It is particularly advantageous that the "renewable" methanol 108.1 and
the "fossil" methanol 108.2 can occur separately in various reactors 106, 118 and
can either be discharged separately or can be mixed after the occurrence and

optional temporary storage in arbitrary portions (see arrows 701, 702), so that the
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Silicon Fire system 700 can supply pure "renewable" methanol and pure "fossil”
methanol, but also arbitrary mixtures of both, in order to be able to be marketed,
e.g., as renewable fuel having permissible fossil portion or permissible specific CO,

emission.

[0070] The production ratio of one-fourth "renewable" methanol 108.1 and
three-fourths "fossil" methanol 108.2 corresponds to the computed solar (peak)
energy yield in relation to the duration of a calendar year, i.e., the Silicon Fire
system 700 could mathematically produce "renewable” methanol during
approximately one-fourth of the duration of a year and "fossil" methanol during
approximately three-fourths of the duration of a year, if the oxygen 109 required
for the "fossil" methanol! is buffered accordingly. The buffer 116 can be used for this

purpose.

(0071] The reaction heat of the exothermic reactions 2 and 4 is preferably
used, whereby the specific CO, emissions to be credited of the various methanol
fractions 108.1, 108.2 would also be reduced. For example, under the conditions of
the Persian Gulf, heating of thermal seawater desalination systems comes very
advantageously into consideration for the heat usage, in particular during the colder
time of year, if, because of the substantially lower power demand for building air
conditioning, thermal power plants are run at part load or even shut down and their

waste heat is no longer (sufficiently) available for the seawater desalination
systems connected thereto.

[0072] The use of the large oxygen mass stream arising during the electrolysis
105 for reaction 4 or for the partial oxidation or the reforming avoids the ecological

risks which can otherwise occur in the event of emission into the environment.

[0073] Reaction 4 is mentioned, e.q., in Olah, G. et al., "Behind Oil and Gas:
The Methanol Economy", Wiley-VCH Verlag, 2006, pages 171 and 172 as "direct
oxidative transformation of natural gas to methanol" or as "producing methanol

from natural gas”.
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[0074] A two-stage oxidation process which runs at 500 and 350°C is described
by Mantashyan, A. A. et al. in "Non isothermal oxidative conversion of methane to
methanol ...", Hayastani Kimiakan Handes (2007), 60(5), pages 887-897. Further

recent literature sources for reaction 4 are, e.g.:

[0075] Holmen, A., "Direct conversation of methane to fuels and chemicals”,
Catalysis Today (2009), 142(1-2), page 8;

[0076] Ankan, P. et al., "Mechanism and energetics of methane to methanol
conversation”, Organometallics (2007), 26(4), 793-809.

[0077] However, the result of reaction 4 can also be achieved by the

combination of the following industrially tested reactions 5 and 6, for example.

(0078} The partial oxidation of methane 117:

CH4 + 0.50, = CO + 2H, - 36 kJ/mol. (Reaction 5)

[0079] and classical methanol synthesis (e.q., 250 bar, 350°C, using chromium
oxide-zinc oxide catalyst):

CO + 2H,; = CH30H - 128.20 kJ/mol (liquid methanol). (Reaction 6).

10080] In the event of the combination of reactions 5 and 6, a quasi-oxidation

of the methane-containing gas 117 also occurs using oxygen-containing gas 109.
[0081] Under certain circumstances, reaction 6 can run in the same reactor as

reaction 2, possibly with change or adaptation of the catalyst filler and the catalysis
conditions.

[0082] The reforming of methane using water steam (steam reforming) to form
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synthesis gas runs in an endothermic manner according to the following reaction:
CH4 + H,0 (gaseous) = CO + 3H, + 206.2 kJ/mol. (Reaction 7)

[0083] The reforming of methane using carbon dioxide to form synthesis gas

runs in an endothermic manner according to the following reaction:
CH4 + CO, = 2CO + 2H; + 247 kJ/mol. (Reaction 8).

10084 ] The three reactions 5, 7, and 8 can run jointly in a reactor at
temperatures of approximately 800 - 1000°C via catalysts and may be controtlled
so that they run with energy autonomy as much as possible ("autothermally") and
the reaction products result in a suitable synthesis gas for the classical methanol

synthesis according to reaction 6.

[0085] Further details can be inferred, for example, from the publication of
Bharadwaj, S.S.; L.D. Schmidt: Catalytic partial oxidation of natural gas to syngas.
Fuel Processing Technology 42 (1995), pages 109 - 127.

[0086] According to the invention, CO, 101 is used as the starting material and
carbon supplier for the methanol synthesis in the reactor 106. Steam reforming
systems, CO, capture systems for crude natural gas, lime burning furnaces,
calcination systems for soda, fermentation systems for bioethanol, seawater
desalination systems, large boiler systems for fossil fuels (e.g., power plant
boilers), and other systems or combustion processes which emit relatively large

quantities of CO, are preferably used as the CO, sources.

[0087] The invention allows the substantial economic disadvantages of known
approaches to be avoided if — as in the case of the Silicon Fire system 700 - the
unsteadily yielded electrical solar and/or wind energy is converted directly into
chemical reaction enthalpy and is stored chemically bound, without additional

capacities for reserve performances and/or frequency regulation in the integrated
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network and the expenditures required for this purpose being necessary.

[0088] In the case of photovoltaic power generation by means of a photovoltaic
system 400, it is a further advantage that the direct current E1 primarily yielded
from the solar cells of the photovoltaic system 400 can be used directly for the

chemical process (electrolysis 105), without having to be converted into alternating

current for voltage transformation via converters.

[0089] In another embodiment of the invention, an ATR process (autothermal
reforming) can also be used for the processing of a starting material. In the case of
autothermal reforming, a hydrocarbon-containing or a carbon-containing starting
material is oxidized in a reaction zone in the presence of a substoichiometric
quantity of oxygen (e.g., oxygen 109), which is not sufficient for complete
oxidation. In addition, water steam and/or carbon dioxide are supplied, in order to
be able to produce synthesis gas in this way, which essentially comprises carbon
monoxide and hydrogen. The starting material can be natural gas or another
hydrocarbon. It is also possible to convert coals, oils, combustion gases, biomasses,

oil sands, or oil shales using the ATR process to form a suitable synthesis gas.

[0090] In another embodiment of the invention, carbon dioxide is supplied
during the ATR process. The addition of CO, can be advantageous if the

stoichiometric ratios are not optimal for the synthesis of methanol because of the
starting materials.

(0091] In the embodiments which are based on an ATR process, synthesis gas
is produced, which essentially comprises carbon monoxide and hydrogen. Methanol
is then synthesized from the synthesis gas in a downstream step, as shown in

reaction 6, for example.

[0092] In a particularly preferred embodiment of the invention, the methanol

108.1, 108.2 is used as an energy carrier for storage and transport.
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[0093] Carbon dioxide as a carbon supplier can also be withdrawn according to
the invention from the crude natural gas, which can have greater than 10% carbon
dioxide portion depending on the natural gas source. After the conveyance of the
crude natural gas, gas washing (by means of gas washing technology or another
gas separation technology) is already currently typically performed, in order to
separate the CO, from the actual natural gas. This CO; is typically emitted into the

atmosphere. According to the invention, the CO,, which is provided in substantially
pure form, can be used as a carbon supplier 101.

[0094] Catalytic cleavage (e.g., at approximately 380°C) before the combustion
according to reaction 9: '

CH30H (liquid) = 2H;, + CO + 128.20 kJ/mol. (Reaction 9)

[0095] can provide the following advantages for the usage of the methanol

108.1, 108.2 in internal combustion engines, e.g., also in combined gas/steam
turbine systems:

[0096] An internal combustion engine normally operated using gas does not
need to be converted for a liquid fuel. The reaction heat of the endothermic
methanol cleavage reaction 9 of 128.20 kJ/mol or 4006 klJ/kg methanol can be
applied by the exhaust gas waste heat of an internal combustion engine, whereby
the original heating value of the methanol of 19,900 kl/kg increases by the
supplied reaction heat by approximately 20%. The application of a corresponding
methanol cleavage for power plant processes is described, for example, in
MuBenbrock, K: "Moglichkeiten zur Nutzung von Methanol in Kraftwerksprozessen

[Possibilities for Using Methanol in Power Plant Processes]", VGB Kraftwerkstechnik
71 (1991), issue 8, page 759 - 764.
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List of reference numerals:

1

2

3

100
101
102
103
104
105
106
107
108
109
110
111

vehicle industry/automobile construction

power plant operator

wind farm

Silicon Fire system (from parallel application)

carbon dioxide

water

hydrogen

provision of carbon dioxide

performance of electrolysis ‘
combination of the hydrogen (H;) and the carbon dioxide/synthesis reactor
discharge/provision of methanol

transportable energy carrier

oxygen or oxygen-containing gas

(system) controller

parameter memory

112, 113, 114 control or signal lines

115
116
117

118
119

300
301
400
500
501
601
603
602

604

oxygen withdrawal

optional oxygen buffer

methane or methane-containing gas
reaction system

control or signal line

solar thermal system

conversion of heat into direct current
solar plant (photovoltaic system)
integrated network

conversion of AC voltage into direct current (power supply system)
starting material containing silicon dioxide
silicon

reduction method

silicon dioxide as a back reaction product
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605 hydrolysis

700 Silicon Fire system (invention)
701, 702 arrows

703, 704 control or signal lines
El DC power
11, I2, etc. input variables

P1, P2primary energy
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Claims:

1.

A method for providing storable and transportable energy carriers (108) having

the following steps:
- providing (104) carbon dioxide (CO2; 101) as a carbon supplier,

- providing electrical direct current energy power (E1), which Is generated

by means of renewable energy technology (300, 400),

- performing an electrolysis (105) using this electrical direct current energy
power (E1) to produce hydrogen (H2; 103) as an intermediate product,

- combining (106) the hydrogen (H2; 103) and the carbon dioxide (COg;
101), to react them to form a first methanol portion (108.1),

- providing gas containing a lot of oxygen (109), which arises during the

performance of the electrolysis (105),
- providing hydrocarbon-containing gas (117),

- performing an oxidation (118) of the hydrocarbon-containing gas (117)
using the gas containing a lot of oxygen (109) to react the hydrocarbon-

containing gas (117) to form a second methanol portion (108.2).

The method according to claim 1, characterized in that, in a further step (701,
702), the first methanol portion (108.1) is combined with the second methanol
portion (108.2) to obtain the storable and transportable energy carrier (108).

The method according to claim 1 or 2, characterized in that the gas containing
a lot of oxygen (109) is used during the performance of a direct oxidation, the
second methanol portion (108.2) being produced by this direct oxidation.

The method according to any one of claims 1 to 3, characterized in that the gas

containing a lot of oxygen (109) is temporarily stored.

The method according to any one of claims 1 to 4, characterized in that the
carbon dioxide (CO2; 101) is withdrawn from a combustion process or an
oxidation process by means of CO- capture.
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The method according to any one of claims 1 to 5, characterized in that the
carbon dioxide (COz2; 101) is withdrawn from a system which frees crude natural

gas from a carbon dioxide portion during the purification.

The method according to claim 1 or 2, characterized in that the electrolysis is a
water electrolysis (105), in which hydrogen (Hz; 103) and the gas containing a lot
of oxygen (109) are produced directly from water or an aqueous solution (Hz20;
102).

The method according to any one of claims 1 to 4, characterized in that the
direct current energy power (E1) is delivered by sunlight by means of a solar

thermal system (400) and/or a photovoltaic system (300).

The method according to any one of claims 1 to 4, characterized in that the

hydrocarbon-containing gas is a methane-containing gas.

The method according to any one of claims 1 to 9, characterized in that the

hydrocarbon-containing gas is produced from carbon-containing material.

The method according to any one of claims 1 to 9, characterized in that the
second methanol portion (108.2) is produced by a reforming process via the
pathway of synthesis gas.

The method according to claim 11, characterized in that the reforming is

autothermal reforming.

The method according to any one of claims 1 to 9, characterized in that, the
first methanol portion (108.1) and/or the second methanol portion (108.2) are
reacted to form cracked gas, essentially consisting of carbon monoxide and
hydrogen.

The method according to any one of claims 1 to 9, characterized in that, in an
Intermediate step before the reaction to form the second methanol portion
(108.2), a synthesis gas is produced, which essentially consists of carbon
monoxide CO and hydrogen Hz, this synthesis gas being produced by a partial
oxidation of hydrocarbons.
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A system (700) for providing a storable and transportable energy carrier (108.1,
108.2), having

a system (300, 301; 400) for generating a first energy portion in the form
of direct current energy power (E1) from at least one renewable energy

SOUrce,

an electrolysis device (102, 105) for providing hydrogen (103) as an
intermediate product and for providing gas containing a lot of oxygen
(109), the energy demand of this electrolysis device (102, 105) being
covered with more than 80%, by the first energy portion (E1),

a carbon dioxide supply for introducing carbon dioxide (101),

a reaction area (106) for producing a first methanol portion (108.1), the
hydrogen (103) reacting with the carbon dioxide (101) in the reaction area
(106),

a reaction system (118) for producing a second methanol portion (108.2),
the gas containing a lot of oxygen (109) having an oxidation reaction with

a hydrocarbon-containing gas (117) in the reaction system (118),
a withdrawal (701) for the first methanol portion (108.1), and having

a withdrawal (702) for the second methanol portion (108.2).

The system (700) according to claim 15, characterized in that it comprises

means for providing methanol in the form of a mixture of the first methanol

portion (108.1) and the second methanol portion (108.2).

The system (700) according to claim 15 or 16, characterized in that it

comprises a controller (110), which is designed for the purpose of controlling the

methods which run in the individual system parts.

The system (700) according to claim 17, characterized in that a software-based

decision process is implemented in the controller (110), so that between 15%

and 40% is provided as the first methanol portion (108.1) and the remaining 85%

to 60% is provided as the second methanol portion (108.2).
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The system (700) according to claim 17 or 18, characterized in that a software-
based decision process is implemented in the controller (110), so that

approximately one-fourth is provided as the first methanol portion (108.1).

The system (700) according to any one of claims 15 to 19, characterized in that
energy and/or mass streams are regulated and/or controlled in the system (700)
using the controller (110) via control or signal lines (112, 113, 114, 703, 704).

The system (700) according to any one of claims 15 to 20, characterized in that
it comprises a reaction area for producing a synthesis gas, which essentially
consists of carbon monoxide CO and hydrogen Hz, this synthesis gas being

produced in the reaction area by a partial oxidation of hydrocarbons.

The system (700) according to any one of claims 15 to 21, characterized in that
the reaction system (118) is desighed as a system for producing the second
methanol portion (108.2) via the pathway of synthesis gas from reforming

reactions.

The system (700) according to claim 22, characterized in that the reforming Is

aufothermal reforming.

The system (700) according to any one of claims 15 to 23, characterized in that
it is designed for the purpose of producing cracked gas, essentially consisting of
carbon monoxide and hydrogen, from the first methanol portion (108.1) and/or
the second methanol portion (108.2).
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