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intensive research activity.

30 From the prior art, various types of processes and installations are known with which gas mixtures can
be p}oduced from solid, liguid and gaseous carbonaceous materials, which are then used as so called
synthesis gas for chemical syntheses. Synthesis gases containing carbon monoxide and hydrogen are
used, for example, for industrial liquid-phase methanol synthesis or for Fischer-Tropsch synthesis for
producing hydrocarbons and other organic materials. Alternatively, such synthesis gases are also used

35 for generating energy. for example as a fuel for operating heat engines.

For producing carbon monoxide-hydrogen synthesis gases from solid carbon, the soiid carbon is
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gasified using oxygen, carbon dioxide or water to form synthesis gas:
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processes are now becomlng less and less acceptable.
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Other processes are primarily directed towards producing more easily manageable gaseous fuel, from
25  solid carbonaceous materials such as, for example, fossil coal, biomass, or heterogeneous mixtures
such as, for example, combustible waste. With this fuel, for exampie, gas turbines can be run..Such
processes are disclosed, for example, in DE 102007041624 A1 and DE 2325204 A1. However, also in
these processes some of the chemical energy stored in the solid starting material is consumed in the
conversion, either in the production of coke or the production of gas, and carb;)n dioxide is

3¢ correspondingiy discharged.

A disadvantage of the known processes is the generation of emissions, the low efficiency, and the
complicated structure and operation, particularly in installations in which coke is gasified in a fluidized

stream or entrained flow.

Likewise, various processes are known with which liquid propellants can be produced from biomass. In

the article by G. W. Huber et al., “Synthesis of Transportation Fuels from Biomass: Chemistry,
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Catalysts, and Engineering”, Chem. Rev. 106 (2006), p. 4044, 2 review of the various approaches is
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35 The disclosure of the prior art documents cited in this application forms an integral component of the

following description of the invention. .

OBJECT OF THE INVENTION



‘It is the object of the invention to provide processes and facilities for
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30 A further object of the invention is to provide a facility for emission-free energy generation that is
independent of external conditions such as pressure, temperature, moisture or other external
parameters. For example, at relatively elevated locations, the lower ambient pressure has adverse

effects on the output power of conventional power instaliations.

These and other objects are achieved by processes and facilities according to the invention as
35 described in the independent claims. Further advantageous embodiments are given in the dependent

claims.



« DESCRI PTION OF THE I NVENTION I n a process according to the invention for
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The heat energy for the pyrolysis reactions in the first process stage can be provided in part or

completely by returning a part of the hot synthesis gas from the second process stage into the first
process stage, and/or by partial oxidation of the carbonaceous starting material and the resultant

pyrolysis coke.

30 Advantageously, the first process stage is carried out at a temperature between 300 and 800 °C,
preferably between 450 and 700 °C, and particularly preferably between 500 and 600 °C.

The second stage of the utilization process can likewise be carried out in one or more second pressure
reactors. For the gasification reaction in the second process stage. oxygen and/or steam and/or carbon

dioxide can be used as gasification agent.

35 The pyrolysis coke can be gasified completely or oniy in part. in the latter case, the unprocessed coke

can be discharged together with the resultant siag.



*+ The thermal energy required for the gasification reaction in the second
process stage can be supplied in part or conpletely fromoutside, for
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33 gas into hydrocarbons and/or other soiid, liquid and/or gaseous products. All three subunits of the
utilization unit are pressure-tightly closed and form an essentially closed cycle. A transport pipe for the
pyrolysis gas connects the first subunit pressure-tightly to the second subunit and/or to the third subunit.

A transport pipe for the synthesis gas connects the second subunit pressure-tightly to the third subunit



- Means can be provided that cause a gas streamto flow along the transport

pi pes in only one defined direction, preferably fromthe first subunit via
t he second subunit to the third subunit, and back to the first subunit, or
fromthe first subunit via the third subunit to the second subunit, and
back to the first subunit. The subunifs can each have one or nore pressure
reactors. In an advantageous variant, the first and/or the second subunit
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3¢ A particularly advantageous embodiment of a facility according to the invention comprises an energy
installation that is arranged for generating electrical and/or mechanical energy and/or thermal energy,
using the hydrocarbons and/or other products from the utilization installation as fuels. Advantageously,
a drive device for generating electrical and/or mechanical energy from the fuels is provided in the
energy installation, wherein said drive device obtains the energy necessary for operation from the
35 oxidation of the fuels to an oxidation gas essentially consisting of carbon dioxide and water, and

comprises a device for the compression and/or condensation of the oxidation gas.



‘In yet a further enbodinent of a facility according to the invention, a
devi ce for condensation and/or separation of water fromthe oxidation gas
is provided. This reduces, inter alia, the amount of the remaining residual
gas. Anot her variant of such a facility according to the invention
conprises a storage for col l ecting tHe 10oxi dation gas. or the residual gas
after c ressjon and/ or condens t|o of the oxidation ga ectively.
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i nventi QR a particularly advantageous variant, the energy unit of the utilization installation comprises a drive
30  device for generating electrical and/or mechanical energy from steam or other hot gases that have
been generated or superheated in the utilization unit. In the cycle of the utilization unit at least one heat

exchanger is provided for heating steam and/or other gases, and/or for generating steam.

A further particularly advantageous facility comprises an installation for the production of hydrogen, and

means for supplying the hydrogen inte the utilization unit.

35 Hydrocarbons and other solid, iiquid and/or gaseous products that have been produced using a
process according to the invention, or using a facility according to the invention, respectively. can be

differentiated from analogous petroleum products for example by the absence of typical sulphur and



«schematically shows a facility according to the invention for em ssion-free

generation of energy and/or hydrocarbons and ot her products by utilization

of carbonaceous nmaterials. schematically shows an enbodi nent of a facility

according to the invention with an energy installation that is spatially

separated fromthe utilization instal9ation. schematically shows a general

exenpl ary enbodi nent of .a utilization installation of a facility according
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possi bl eugrarrpdyats hevsranzldyaiseCléosaioreriiestyy. camparediithsietioatienigaiFiaguste 3.

schematically shows a general exenplary enbodinment of a facility according

to the invention, with a utilization installation, and an energy

i nst al | gdpepESERIPRONIS BRI OINGs peak | oad energy fromthe fuel conpounds

produced in the utilization installation. 20Fi gure 4AFi gure 4A
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a facility according to the invention with a utilization installation
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supply of chem cal ener gy, i . taQéaria]‘Sor m of hydrogen. Figure 7schematically

shows the power proflﬁe %aef of 'a conventional thermal power plant
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Figures 13 and 14 sc earpa\ctmit ca%lcc!ra/m stgg}\%vig niogr\}vgogl)rgerilotaéeog a drive device of a

peak | oad energy instalTation whtch "orve “ievres 98 /e i"%ed as a

conbust imgureefrgi ne.  ddhedVRIES s%s%&bl@@amrfoﬂ_ﬁgaéé\wwew unit as shown in
15 Figure 3.

Figure 4 schematically shows a general exemplary embodiment of a facility according to
the invention. with a utilization installation, and an energy installation for the
generation of peak load energy from the fuel compounds produced in the

utilization installation.

20 Figure 4A Figure 4A schematically shows a possible variant for a peak load energy

installation as shown in Figure 4.

Figure 5 schematically shows a possible embodiment of a facility according to the invention
with a utilization installation having a base load energy unit, and a peak load

energy installation.
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Figure 6 schematically shows a facility according to the invention having supply of chemical

energy in the form of hydrogen.

Figure 7 schematically shows the power profile (a) of a conventional thermal power plant
installation. (b), (c) a facility according to the invention, and (d) peak load and

base load profiles of a facility according to the invention.

30 Figures 810 12 schematically show various possible exemplary embodiments of utilization

instaliations for a facility according to the invention.

Figures 13 and 14 schematically show two embodiments of a drive device of a peak load energy

installation. which drive device is realized as a combustion engine.

Figure 15 schematically shows a drive device of a peak load energy installation. which drive

33 device is realized as a combined gas/steam turbine.



* The exanpl es di scussed hereinafter are provided for an inproved
illustration of the present invention, but are not suited for restricting
the invention to the features disclosed herein. Installation and process
for generating electrical and nechanical energy 5Figure 1 schematically
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In an alternative variant, in the steam turbine A82, downstream of the high-pressure stage, some of the

steam can be extracted as process steam M50, which is shown in Figure 3A as a dashed arrow. In this
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manner, a farger amount of steam M52 can be utilized for energy generation, and only thereafter the

necessary process steam is provided.

The exhaust steam from process steam consumers such as for example the heat.exchangers A45,
A17 can likewise be condensed M41 and recirculated to the feed water M40, resulting in an energy

cycle which that is closed as far as possible.
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installation B, for example a tank system or pressure storage. in order to bridge demand peaks. The

occurring carbon dioxide containing residual gases M26 from the energy installation B can also be

collected and stored in a temporary storage BB.

35 A possible embodiment of an energy instaliation C is shown in Figure 4A. A drive device C11
generates electrical and/or mechanical energy E2 by means of chemical energy sources M&1 from the
synthesis stage P3 of the utilization unit AB. The said drive device C11 can be for example a heat

engine. in which the heat occurring during an oxidation of the fuels M61 to carbon dioxide is converted



*013,: and the remaining residual gas M6 is fed back into the cycle of the
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Thus it is possible that in a facility Z according to the invention, iiquid or géseous hydrocarbons and
hydrocarbon derivatives are generated from carbonaceous materials M11, and the resultant high-grade
fuel mixture MB1 is subsequently converted into electrical energy E2. The carbon dioxide produced is
30 fed back and is in part or completely converted back to fuel M61 in the utilization instaliation A. In this
manner, the effective carbon dioxide discharge of the peak load generator installation C can be very

greatly reduced or even entirely avoided.

The drive device can also be operated without problems in combined operation with hydrogen M32 as
a further fuel. In such a case, the hydrogen fraction leads to a reduction of the residual gas amount

35 M26 occurring downstream of the heat exchanger/condenser and compressor, since only water arises
in the oxidation of hydrogen with oxygen.

Further possible embodiments of suitable drive devices for an energy installation will be discussed later

in Figures 13 1o 15.
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is shown in Figure 5. This conprises, in addition to the utilization unit
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generation. This leads to correspondingly low achievable market prices for the generated electrical
energy. By conversion into chemical energy (molecular hydrogen M32 and oxygen M31) in contrast,
the generated energy output can be temporarily stored. The hydrogen, and. if possible, also the
30 oxygen, is then utilized in a process according to the invention, in order to produce for example more

readily manageable fiquid fuels that have a higher energy density, or other high-value products.

The energy of the energy generation units DA, DB of the instaliation D is transported in the form of
‘electrical current to the electrolysis unit DC, which is located at the place of the utilization instaliation A.
and in which then hydrogen M32 and oxygen M31 are generated locally. Part of the oxygen is not

35 needed and can be utilized in other ways, for example in a energy installation C of the facility Z
according to the invention. Temporary storages DE, DF, for example in the form of pressure tanks,
serve as buffers for compensating for the fiuctuating energy generation of the energy generation units
DA, DB.
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a closed cycle in such a way that they allow a closed, cyclic gas stream
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in the pyrolysis in the first process stage P1, pyrolysis coke M21 forms, which essentially consists of
solid carbon and inorganic residues. The pyrolysis coke M21 is discharged at the end of the pressure
reactor A13. The pyrolysis gases M22 forming during the pyrolysis do not only contain gaseous

materials, but also materials that are solid and liguid at room temperature. The composition of the

w
()

pyrolysis gases M22 naturally depends greatly on the starting materials, and may aiso contain
poliutanis.

The pyrolysis coke M21 is transporied under pressure info the pressure reactor A21 of the second

process stage P2. A closed conveying screw. for example, is again suitable. A pressure lock can also
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addi tional hydrogen M2 directly into the third process stage instead. In
t he shown exanple of a utilization unit AB, the second process stage
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coke could be comminuted or milled in advance, which then aliows a gasification of the coke in a

fluidized stream or entrained stream. However, this variant has the disadvantage that the particles

30 have a shorter retenti_on time in the reactor, which requires a more homogenecus material feed and
preparation. In addition, such installations require a more precise and more rapid control of the gas

stream velocity and of other process parameters.

The reactive surface of lumpy pyrolysis coke is comparatively small compared with a likewise possible
reaction in the fluidized stream, which, however, is compensated for by the comparatively long

residence time in the reactor A21 owing to the high mass capacity of the pressure reactor. A further
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advantage is the simpier upscalability. By means of a simple elongation of the pressure reactor or an
eniargement of the cross section, the capacity and therefore the conversion rate can be increased

without the need of changing the relevant process parameters such as pressure or temperature.
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are deconposed. The oxygen supply M31 into the firebed and the point of
entry of the pyrolysis gases M22 into the pressure reactor are
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pyrolysed, and only serves for feeding coke into the second process stage, when later the cycle is

started up.

The Fischer-Tropsch reactor A31 is likewise run up to the operating conditions while being separated
35 from the cycle. After the operating conditions have been reached in the various process stages of the
utilization installation, the various transport systems A15, A23 are run up slowly, the cycle is opened
and the compressors A41, A42 are activated, so that finally an equilibrium state of the utilization

installation AB results at the desired operating parameters.
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discharged by the venting device C24. If appropriate, the downstream compressor C13 can also be
omitted.

Such an embodiment is also possible as a two-stroke variant, because in a drive device the new
25 loading of the combustion chamber with reaction mixture (fuel M861, oxygen M31, water M40) can
proceed very rapidiy. In a second upward stroke, the combustion gases are precompressed, and
towards the end of the stroke are released from the combustion chamber. The gaseous oxygen can be
blown into the combustion chamber at high pressure at the end of the upwards stroke, since for a
compiete combustion reaction comparatively little oxygen is required, and water is present as
3¢ additional expansion agent. The liquid fuel M81 and the water M40 as expansion agent can in any

case be injected into the combustion chamber C21 very rapidly and at high pressure.

The energy consumption of the compressor C13 can be optimized by suitable combination with one or
more heat exchangers or cooling elements, in which the gas volume can be reduced by disposing heat

energy of the reaction gases at an internal or external heat sink.

(&3]
(2]

By means of the heat exchanger/condenser C12, steam can be generated, which can either serve for
increasing the efficiency of an energy unit AF of the utilization installation, or for obtaining process

steam M50 for operating the utilization unit AB of the utilization instaliation.
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5 iiquid water having a temperature of, for example, 250 °C, and a pressure of 50 bar. The resultant
steam mixes with the combustion exhaust gases in such a manner that a hot (e.g. 600 °C) oxidation
gas M27a with a high fraction of superheated steam forms, which exits from the combustion chamber
C21 and'is converted in a downstream turbine device C30 into mechanical work with which. in turn, a
generator device C31 is driven. Depending on the design, the gas mixture in the combustion chamber
10 behaves isochorically, in such a manner that the gas pressure increases, or isobarically, in such a
manner that the gas volume increases accordingly, or both the volume and the pressure increase.
Thus the following turbine device C30 must also be designed correspondingly. Suitable turbines C30
are known from the prior art, and generally have multiple process stages. In an alternative variant,
partially expanded process steam M50 can be extracted downstream of a high-pressure stage of the
15 turbine device C30, and can be used in other ways.

The expanded oxidation gas M27b is passed into a condenser/economizer C12 where the water M41
is condensed out and separated off. The remaining residual gas M26 which contains essentially carbon
dioxide, is compressed in a compressor C13 and transported into the first process stage P1 of a

utilization installation AB. The compressor C13 is advantageously driven directly via the turbine C30.

20 Instead of in the combustion chamber C21, the water M40 can also be mixed with the oxidation gas

stream M27a downstream to the combustion chamber C21, for example by means of a Venturi nozzle.

in the drive device C11. the amount of water M40 and the amount of combustion mixture M61, M31,
and the further chooseabie parameters, are advantageously matched to one another in such a way
that the downstream turbine achieves an energy utilization as high as possibie. At the same time, the
25 fraction of water in the oxidation gas mixture M27b shall be as high as possible. On one hand, this way
across the condenser C12 a pressure drop as high as possible of the gas mixture is achieved, which
increases the total pressure difference over the turbine C30 and thereby its efficiency. On the other

hand, less residual gas M26 remains that must be compressed C13.

A further advantage of introducing steam into the combustion chamber is the cooling effect of the
30 steam M50. The exothermic oxidation of the fuel mixture M60, M31 can lead to very high temperatures
of up to 1000 °C, or even 2000 °C. Such temperatures would stress very much the structures of the
combustion chamber C21 and of the downstream turbine device C30. The comparatively cold water
vapor is preferably introduced into the chamber in such a manner that it shields the walls of the
combustion chamber C21 from the very hot flame C28. The steam finally cools the entire gas mixture
35 to 600 °C to 800 °C. which lowers the thermal load of the turbine blades, and correspondingly

increases the service life.

in addition to the abovementioned aspects, the drive device shown differs for example from a
conventional gas turbine also in that no compressor is connected upstream of the combustion chamber.

This allows a significantly simpler design of the combustion chamber C21 than in a gas turbine. Since
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5 ranges of the oxidation gas M27a are essentially the same.
In normal operation, the drive device C11 of the energy installation C remains in no-load operation. A
small amount of steam keeps the turbine C30 in motion, while the generator device does not produce
electric power. If now the electrical power demand increases within a short time period, fuel mixture
M31, MB0 is injected into the combustion chamber C21 and ignited with an ignition device (not shown).
10 At the same time, the amount of injected water M40, M50 is increased. The turbine C30 now runs up,

and the generator C31 starts to operate.

The drive device C11 can also be permanently in operation, for example at 10% to 50% of the power of
the base load generator installation AF. When the electrical power demand increases, the installation C
can then be brought to maximum power in a very short time, for example 500% of the power of the
15 base load generator installation AF. A facility Z according to the invention can thus adapt the total
power very dynamically over a broad range. A peak load energy installation C can also have a plurality

of combustion chambers C21 and/or turbine devices C30.
Modular construction of the installation

In a particularly advantageous embodiment of a facility according to the invention, the individual
20 installation components are dimensioned and constructed in such a manner that they can be
dismantied efficiently into individual moduies, which can be transported by truck, and can subsequently
be reassembled. Particularly advantageous is a maximum dimensioning of the modules that permits

transport without special transport means.

Such a modular facility according to the invention has the advantage that it can also be set up only
25 temporariiy, for example for an operating time of only some years or even only months. As soon as the
demand no longer exists, it can be disassembied and reconstructed at a new location. Such a facility is
particularly useful, for example, in the mining industry, when in remote mining areas in a short time a
relatively large energy infrastructure must be constructed, which is no longer required at the end of the
mining activity. For instance, a utilization installation of a facility according to the invention can be used,
3¢ for example, for producing diesel fuel from locally grown biomass and carbonaceous waste materials,
for vehicles and electrical power generators of a remote open-cast mine, and/or electrical energy for

operating the infrastructure.

Facilities according to the invention are particularly suitable for a modular architecture. In particular, the
reactors of the first and second process stages can be constructed as horizontal reactors, having a
35 comparatively small cross section without reducing the throughput. The reactor is simply
correspondingly lengthened in the longitudinal direciion. The reactor can be assembled in the
longitudinal direction of a plurality of modules flanged together. The synthesis reactor may be scaled

up by using a piuraiity of parallel reactors.
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5 LIST OF REFERENCE SIGNS

Z Facility for the emission-free generation of energy and hydrocarbons
and other products by the utilization of carbonaceous materials
A Utilization installation
AB Utilization unit
10 AC,AD, AE Subunits of the first, second, and third process stage of the cycle unit
A1 Pressure lock
A13 Pyrolysis reactor, first pressure reactor
A14 Pressure body
A15 Moving grate
15 A16, A17 Heating device
A21 Gasification reactor, second pressure reactor
A22 Pressure body
A23 Moving grate
A24 Shared pressure reactor of first and second process stage
20 A25 First chamber
A26 Second chamber
A27 Dividing wall
A28 Pressure lock
A31 Fischer-Tropsch reactor, synthesis reactor
25 A32 Synthesis stage cooling, boiler in the steam cycle of the energy unit AF
Ad1 A42, A43 Compressor
Ad44 A4S, A4B Heat exchanger, superheater of the steam cycle of energy unit AF
A47 Cyclone separator
A48 Pressure reduction
3C A49, AS0, A51, A52 Shut-off valve
A53 Non-return vaive
AF Energy unit of the utilization installation, installation component for the
emission-free generation of base load energy
AB1 ' Drive device
3z AB2 Steam turbine
AB3 Condenser, economizer
Ab4 Generator device
AB5 External cooling cycle
ABB Pump
40 AG Discharging unit, installation component for discharging and treating
ash and residual materials
A91 Silo, storage container
AH Treatment unit, instaliation component for treating and supplying
carbonaceous material
45 AS2 slag depot
B installation for transport and temporary storage of fuels and oxidation
gases between utilization installation and energy installation
BA Fuel storage unit
BB Oxidation gas storage unit

5c BC Ship. train, pipeline, transport means
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MLOUnt r eat ed car bonaceous starting material ML1, ML2Car bonaceous starting
mat eri al ML3Addi ti onal conbusti bl es 40ML4Addi ti onal fuel Ml7sorted residual
materials, recycling material M1Pyr %ysi s coke M22Pyrol ysis gas

M23Lowvol atility fractions of the pyrolysis gas 45M24, M4a, M4bSynthesis

gas I\/IZ?/g M25a, M25bRecycl equr%L gy atla%mlyygr?ent fygg@e%%bf@él dation

gases 1Oxygen, oxidi zi ng gy &ﬁ’rﬁn SCaE A9tk dd Xk de
MB7Cat al yst MAOWat er, pr OC%@,% VA kiESsion iSEH er MATCondensat e. condensed
wat er 5QMSOPI‘.OC€SS st eam prive device
5 C12 Condenser/economizer
C13 Compressor
C14 External cooling cycle
C21 Combustion chamber
Cc22 Cylinder
10 Cc23 Piston
C24 Venting device
C25 Burner
C26 Flame
ca27 Feed device for oxygen
15 Cc28 Feed device for water
C29 : Feed device for fuel
C30 Turbine
C31 Generator device
D Instaliation for the generation and supply of external chemical energy.
20 installation component for the production of hydrogen
DA Wind power unit
DB Solar energy unit
DC Electrolysis unit
DD hydrogen producing industry
25 DE temporary storage unit
DF temporary storage unit
DG Ship, train, pipeling, transport means
E1 electrical/mechanical energy (base load)
E2 glectrical/mechanical energy (peak load)
3¢ E3 supplied electrical energy
E4 thermal energy
P1 First stage of process
P2 Second stage of process
P3 Third stage of process
35 Pe Intake of the carbonaceous materials
pP7 Discharge of the residues
M10 Untreated carbonaceous starting material
M11, M12 Carbonaceous starting material
M13 Additional combustibles
40 M14 Additional fuel
M17 sorted residual materials, recycling material
M21 Pyrolysis coke
M22 Pyrolysis gas
M23 Low-volatility fractions of the pyrolysis gas
45 M24, M24a, M24b Synthesis gas
M25, M25a, M25b Recycle gas
M26 Residual gas
M27, M27a, M27b Oxidation gases
M31 Oxygen, oxidizing agent
50 M32 Hydrogen gas
M33 Carbon dioxide
M37 Catalyst
M40 Water, process water, feed water
M4 Condensate, condensed water

55 M50 Process steam
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resi dues MP2Resi dual dust M3Resi dues MP4G aphite. activated carbon.

car bonaceous residues Tinme 10PPower PaHeat content Thernmal power of a
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5  M91 Slag, ash, residues
Mo2 Residual dust
MS3 Residues
M94 Graphite, activated carbon, carbonaceous residues
t Time
10 P Power
P. Heat content
P, Thermmnal power of a conventional power station
Pe. Pet, Pe2 Base load power
Py Effective thermal power of a facility according to the invention
15 Pe, Pet. Pez Total power
P, Base load power of the base load energy unit
Py Fuel production power of the utilization installation
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7. The process according to one of the preceding claims. characterized in that for the gasification
30 reaction in the second process stage (P2) oxygen (M31) and/or steam (M50) and/or carbon

dioxide (M33) is used as gasification agent.

8. The process according to one of the preceding claims, characterized in that, in the second
process stage (P2), the thermal energy required for the gasification reaction is supplied in part

or completely from outside, for example by heating devices and/or heat exchangers; and/or is
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oxidation gases (M27) is fed back into the first process stage (P1) and/or the second process

stage (P2) and/or the third process stage (P3) of the utilization process.

25 17. The process according to one of claims 1 to 16, characterized in that electrical and/or
mechanical energy (E1) is generated by cooling the synthesis gas (M24) in a heat exchanger
(Ad4, A46), wherein superheated steam (M50, M50, M51, M52) and/or another hot gas are
formed, from which electrical and/or mechanical energy (E1) is generated using a heat engine

(AB2), preferably a steam turbine.

30 18, A facility (Z) for the emission-free generation of energy (E1, E2, E4) and/or hydrocarbons and/or
other products (M60, M61) by utilizing carbonaceous materials (M10, M11), with a utilization
installation (A) comprising a utilization unit (AB) with a first subunit (AC, P1) for carrying out a2

-pyrolysis of the carbonaceous materials (M11) to form pyrolysis coke (M21) and pyrolysis gas
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using hydrocarbons and/or other products from the utilization installation (A) as fuels (M61).

24, The facility according to claim 23, characterized in that the energy installation (C) is provided
with a drive device (C11) for generating (C31) electrical and/or mechanical energy (E2) from
25 the fuels (M61). wherein said drive device (C11) obtains the energy necessary for operation
from the oxidation of the fuels (M61) to an oxidation gas (M27) essentially consisting of carbon
dioxide and water, and comprises a device for the compression (C13) and/or condensation
(C12) of the oxidation gas (M27).

25, The facility according to claim 24, characterized in that the drive device (C11) of the energy
30 installation (C) can be operated with pure oxygen (M31) as the oxidizing agent.
26. The facility according to claim 24 or 25, characterized in that the drive device (C11) of the

energy installation (C) comprises a2 heat exchanger (C12) for cooling down the oxidation gas



‘installation (C) is provided with a feed device (C28) for introducing water
(M40) and/or steam (Mb0) into the conbustion chanber (C21), and/or into the
oxi dation gas stream (M27) after exit fromthe conbustion chanber (C21).
2031. The facility according to one of clains 18 to 30, characterized in
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10 29. The facility according to one of claims 24 to 28, characterized in that the drive device (C11) of
the energy installation (C) is a combustion engine, with at least one com.bustion chamber (C21)
for combustion of liquid or gaseous fuel (M61) with oxygen (M31), with means (C21, C30) for
converting the resulting gas pressure or gas volume into mechanical work, with a feed device
(C27) for introducing oxygen (M31) into the combustion chamber (C21), and with a venting

15 device (C24) for removing the oxidation gases (M27) from the combustion chamber (C21).

30. The facility according to claim 29, characterized in that the drive device (C11) of the energy
installation (C) is provided with a feed device (C28) for introducing water (M40) and/or steam
(M&0) into the combustion chamber (C21), and/or into the oxidation gas stream (M27) after exit
from the combustion chamber (C21).

200 3. The facility .according to one of claims 18 to 30, characterized in that the utilization installation
(A) comprises an energy unit (AF) for generating electrical and/or mechanical energy (E1), with
at least one drive device (A81) for generating (A64) electrical and/or mechanical energy (E1)

' from steam (M50, M50, M51, M52) and/or other hot gases that have been generated or
superheated in the utilization unit (AB). .

25 32, The facility according to claim 31, characterized in that the energy unit (AF) of the utilization
instaliation (A) comprises a drive device (A61) for generating (A64) electrical and/or
mechanical energy (E1) from steam (M50, M50, M51, M52) or other hot gases that have been
generated or superheated in the utilization unit (AB); and in that in the cycle of the utiiization
unit (AB) at least one heat exchanger (A44, A45, A32) is provided for heating steam (M51, M52)

3¢ and/or other gases, and/or for generating steam (M50).

33. The facility according to one of claims 18 to 32, characterized by an installation (D) for the
production of hydrogen (M32), and means for supplying the hydrogen into the utilization unit
(AB).



