(19 DANMARK (100 DK/EP 3071675 T3
(12) Overseettelse af
europaeisk patentskrift
Patent- og
Varemeaerkestyrelsen
(51) Int.Cl.: C10J 3/62(2006.01) HO02J 3/04 (2006.01)
(45) Overseettelsen bekendtgjort den: 2022-07-18
(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2022-04-20
(86) Europaeisk ansggning nr.: 14805525.4
(86) Europaeisk indleveringsdag: 2014-11-21
(87) Den europeaeiske ansggnings publiceringsdag: 2016-09-28
(86) International ansggning nr.: EP2014075330
(87) Internationalt publikationsnr.: WO2015075204
(30) Prioritet: ~ 2013-11-21 EP 13193803
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR
(73) Patenthaver: RV Lizenz AG, Alte Steinhauserstrasse 1, 6330 Cham, Schweiz
(72) Opfinder: Ridlinger, Mikael, c/o RV Lizenz AG, Alte Steinhauserstrasse 1, 6330 Cham, Schweiz
(74) Fuldmaegtig i Danmark: Gotapatent AB, Box 3127, S-550 03 J6nképing, Sverige
(54) Benaevnelse: KOMBINERET ENERGINET
(56) Fremdragne publikationer:

EP-A1- 2 325 287

EP-A1- 2 348 253

WO-A1-2011/061299

WO-A2-2011/089200

Tom Lombardo: "The Perfect Power Microgrid at lIT > ENGINEERING.com", , 4. August 2013 (2013-08-04),
Seiten 1-4, XP055130587, Gefunden im Internet: URL:http//www.engineering.com/Electronics
Design/ElectronicsDesignArticles/ArticlelD /6112/The-Perfect-Power-Microgrid-at-lIT.a spx [gefunden am 2014-
07-21]

ALEXIS KWASINSKI: "Technology Planning for Electric Power Supply in Critical Events Considering a Bulk
Grid, Backup Power Plants, and Micro-Grids", IEEE SYSTEMS JOURNAL, IEEE, US, Bd. 4, Nr. 2, 1. Juni 2010
(2010-06-01), Seiten 167-178, XP011327902, ISSN: 1932-8184, DOI: 10.1109/JSYST.2010.2047034
SHAHIDEHPOUR MOHAMMAD ET AL: "Cutting Campus Energy Costs with Hierarchical Control: The
Economical and Reliable Operation of a Microgrid"”, IEEE ELECTRIFICATION MAGAZINE, IEEE, USA, Bd. 1, Nr.
1, 23. Oktober 2013 (2013-10-23), Seiten 40-56, XP011535491, ISSN: 2325-5897, DOI:
10.1109/MELE.2013.2273994 [gefunden am 2013-10-25]

Frank Schettler ET AL: "Roadmap to the Supergrid Technologies”, , 3 January 2012 (2012-01-03), XP055050565,
Retrieved from the Internet: URL:http://www.cesi.it/news_ideas/ideas/Do cuments/FOSG WG2 Final-report.pdf
[retrieved on 2013-01-22]

Fortseettes ...



DK/EP 3071675 T3



[ %]

10

15

20

25

30

DK/EP 3071675 T3

1/34

COMBINED ENERGY NETWORK

Field of Technology

The invention relates to ensrgy supply systems, energy management units, and methods for
supplying local and regional energy systems and energy consumers with power according to
the preamble of the independent claims.

Background of the Technology

Known energy supply systems are based on the concept that centralized energy-generating
units make energy available in a certain form, for example as electrical energy, as thermal
energy in the form of hot water or hot steam (district heating), or as chemicat energy in the form
of natural gas, and deliver these via suitable power systems to a multitude of energy consumer
units,

When supplying energy to a plurality of spatially distributed energy consumer units, for exampie
households with electrical power, the sufficient dimensioning and structuring of the
corresponding supply network is a fundamental factor for ensuring sufficient supply power and

security of supply.

Supply networks often comprise various hierarchy levels. Several local or regional consumer
units can be grouped together into a local network which, in turn, can be connected to a higher-
leve! network. In the case of a power network, for example, a plurality of small consumer units
— different households, for example - are connected to a common, focal low-voltage grid.
Different low-voltage networks, in turn, are connected via transformers o a medium-voltage
network that is used for regional energy fransport. A high-voltage distribution network is used to
transport the electrical energy from large power stations over long distances to the medium-
voltage networks. Smaller power stations can also feed the energy into the medium-voltage
network, and local energy producers, such as photovoltaic systems or wind power stations, for
example, into the low-voltage network.

Another example of a supply network is a district heating system, in which heat energy is
produced in the form of water vapor or hot water (for exampile, 120 °C, 18 bar) and transported
via a primary circuit to the various consumer units, where it is used to heat buildings and produce
hot water. In common district heating systems, the heat energy is produced centrally in a
combined heat and power plant, for example in a woodchip heating system or a wasie-
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incineration plant. The energy consumers are connected via suitable heat exchangers directly,
or indirectly via a locat secondary circuit, to the primary circuit of the district heating system.
Analogously o district heating networks, district cooling networks alse exist, although it is
basically heat energy that is transported in those as well,

In the case of energy supply via a spatially distributed supply network that is fed by one or more
energy producers, the required capacity bath of the supply network and of the energy producers
results from the maximum required peak energy requirement of the energy consumers. This
energy requirement is generally subject to substantial time fluctuations. In a district heating
network, for example, consumption peaks occur in the early morning and in the {ate svening,
whereas i an electrical grid, consumption peaks occur in the morning, at midday and in the

evening.

As a result of the fluctuating energy demand, a spatially distribtted supply network must be
designed for a multiple of the average energy throughput. in district heating systems, for
example, the lines must be designed such that they can handle the expected maximum daily
consumption peak on the coldest day of winter. A supply network with an excessively weak
design can lead {o insufficient energy supply as a result of a capacity bottleneck.

In the case of a power network, overloading can even lead {0 a collapse of the grid. The fuses
disposed at the nodes of the network having an upper limit of 1000 A, for example, are crucial
in this regard. in a network designed for 50 kV, this results in @ maximum output of 50 MW, and
in a network designed for 25 kV, in a maximum output of 25 MW. Since the invesiment costs
for stupply networks rise disproportionately to their capacity due {0 more expensive technology,
fower consumption peaks can result in substantial savings in the construction and operation of

the network.

Analogously to the supply network, the energy producers must also be capable of covering the
consumption peaks. In the case of electrical power stations, slow power stations for the base
load production (nuclear power stations, coal-fired power plants, run-of-the-river hydro power
stations, wind power stations, etc.} and guick-starting power stations for the peak load
production {storage hydro power stations, gas-fired power plants, etc.) are combined for this
purpose. The necessary excess capacities also result in higher investment costs.

Due to the growing number of small power stations connected to regional or local power
networks — such as photovoltaic systems and wind power stations, for example — the
fluctuations in production turn out to be difficult to forecast for the network operator. What is
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more, since the network operators are in part obligated for legal reasons to feed the locally
produced energy into the network, production cannot even be controfled in some cases. These
aciditiona! energy production peaks must also be taken into account during the designing of the
networks and further reduce the average usable capacity.

Various approaches are known for achieving a more uniform loading of energy supply networks,
and thus for achieving a lower required capacity of network and energy producers, as well as
improved energy efficiency as a result of the associated lower losses.

For the power supply, so-calied smart grids are used in the altempt to achieve a spatially and
temporally maximally homogeneous loading of the network through coordination of different
flexible and non-flexible energy production systems, energy storage systems (pumped storage
power plants) and energy consumption systems. For this purpose, the various companents of
the smart grid communicate with one another. This has ifs limits, in that the local censumption
and lacal production of electrical energy can be controlled from the outside only to a limited

axtent.

i district heating systems, through the use of appropriate heat energy stores in the form of hot-
water tanks or latent heat accumuiators (as shown in DE 2730406 C2, for instance), fluctuations
in the energy demand over the course of the day can be evened out. it is known, for example
from DE 2730406 C2, to balance out the energy requirement over a day through the use of
suitable heat accumulators, for exampie hot-water tanks or latent heat accumuiators. Through
the appropriate coupling of hot water accumulators, heating systems and hot water preparation,
the efficiency of the heat utilization can be improved, for example as described in DE 10311084
B4 and DE 3123875 C2.

In the article "Technology Planning for Elsctric Power Supply in Critical Events Considering a
Buik Grid, Backup Power Plants, and Micro Grids,” IEEE Systems Journat 4(2), p. 167, June 3,
2010, A. Kwasinski discusses the risk assessment of energy supply systems in natural disasters
using the example of three technological options for supplying local networks with power,
namely connection to an external network by means of a substation; a backup diesel power
station at the interface between local network and external network; and a microgrd with its own

snergy production, for exampie power generators driven by gas turbines.

In their article "Cufting Campus Energy Costs with Hierarchical Control” IEEE Electrification
Magazine Sept. 2013, p. 40, September 23, 2013, M. Shahidehpour et al. describe a microgrid
at the Hinois Institute of Technoelogy in which power generators are operated by means of gas
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turbines in order to balance out power cutages on the external supply network. Accumulators
are used to bridge over short-term power outages without the use of generators. Other aspects
are controlling the system in view of the costs of the energy obtained, the construction of the
internal power network with several separate supply circuits in order to reduce internal power
outages to a minimum in buildings, and the integration of renewable energy sources
{photovoltaics, wind energy) into the local network.

There is a general need for optimatly efficient energy supply networks that also preferably

involve minimal new investments.

T. Lombardo, in his article "The Perfect Power Micro Grid at IiT" {www.engineering.com, 4
August 2013; XP 55130587), describes a self-contained grid system {micro grid} for generating
and distributing electricity on the Hiinois institute of Technology campus. The Micro Grid is
designed to improve power reliabifity in the event of external power supply failure and internal
circuit faults. Energy is generated within the Micro Grid using gas turbines, solar panels and
wind turbines. Batteries bridge short-term power outages. With a multiloop design, a single short
circuit does not cause the entire system to fail, and buildings can be alternatively powered by
another foop. Smart metering allows power to be drawn from external sources or generated

lacally, whichever is more economical at the time,

Object of the Invention

it is an object of the invention to provide an energy supply system of the type mentioned at the
outset that does not have the abovementioned and other drawbacks. in particular, such an
energy supply system is intended to enable the efficiant distribution of energy. it should be
possible to design the capacities of the network required for the distribution so as to be as small
as possible. Furthermore, such a system is to be robust and stable, as well as insensilive {o
power peaks. it is another object of the invention to provide an energy supply system that makes
it possible 1o efficiently utilize regenerative sources of energy such as wind power and solar
energy, for exampie, whose output can be controlied only to a very fimited extent and are
primarily the result of meteorological parameters.

These and other objects are achieved by an energy supply system according to the invention,
and a method according te the invention, according to the independent claims. Other preferred
embaodiments are indicated in the dependent claims.
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Description of the Invention
A first aspect of the invention relates to an advantageous energy supply system.

A disclosed energy supply comprises a first energy supply network in the form of a power
network for transporting electrical energy and a second energy supply network with a transport
system for fluid operating materials. The energy supply system has at least one energy-
generating unit with which the fluid operating materials can be generated using hydrogen gas
and carbon-containing material and fed into the second energy supply network, and at least one
focal energy management unit with which fluid operating materials taken from the second
energy supply network can be converted into electrical energy and fed into a local power
network., Advantageously, the second energy supply network has a transport system for
returning carbon dioxide-containing residual gases that ocour during the energetic utitization of
the fluid operating materials at one or more energy consumers and/or energy management

ghits.

The energy supply system according to the invention comprises a first energy supply network
in the form of a power network for transporting electrical energy; a second energy supply
network with a transport system for fluid operating materials; a transport system for returning
carbon dioxide-cantaining residual gases that occur during the energetic utilization of the fluid
operating materials at one or more energy consumers; and at least one energy-generating unit
with which the fitid operating materials can be produced from carbon-containing material and
fed into the second energy supply network. The energy supply system further comprises at least
one local energy management unit for supplying a local energy supply network with which the
fluid operating materials taken from the second energy supply network can be converted and
fed into a local power network. The at least one energy management unit comprises devices for
extracting electric current from the higher-level power network of the energy supply system,
converting it into lower-voltage electric current, and feeding this lower-voltage electric current
into a power network of the local energy supply network; as well as devices for extracting the
fluid operating materials from the transport system for fluid operating materials of the energy
supply system, for generating electric current from said fluid operating materials, and for feeding
the electric current into said power network of the local energy supply network; and devices for
collecting residual gases occurring during the energetic utilization of the fluid operating materials
in the energy management unif, and for returning these residual gases to the residual gas
transport system of the energy supply network. The energy supply system further comprises a



16

15

20

25

30

DK/EP 3071675 T3

6134

contral unit of the energy supply system that can communicate via a communication network
with the at least one energy-generating unit and the at least one energy management unit or
with another energy consumer of the energy supply system and is set up for the purpose of
controlling the operation of the various units. A control system of the at least one energy
management unit is sat up for the purpose of communicating via the communication network
with the control unit of the energy supply system.

In such an energy supply system according to the invention, the control unit of the energy supply
system is sef up for the purpose of controlting the delivery rate of electric current from the higher-
level power network and from fluid operating materials from the operating material transport
system such that a maximally small dimensioning of the second energy supply network is
achieved in relation to the fine cross section andfor the operating pressure, by having a
staggered supply of the individual energy management units, as to reduce peak volumes, and
having the various energy management units store the fluid operating materials and the residual
gases in tanks and pressure accumulators until the operating materials are used up, or the

residual gases are reclaimed.

Alternatively or in addition, the control unit of the energy supply system is set up for the purpose
of contralling the delivery rates of electric current from the higher-level power network and from
fluid operating materials from the operating material transport system such thal a maximally
uniform loading of the corresponding supply networks over time is achieved.

In another advantageous embodiment of the discussed energy supply system according fo the
invention, the at least one energy-generating unit is set up for the purpose of extracting residual
gas from the residual gas transport system and using its carbon-containing fractions to produce

the fluid operating materials.

Since residual gas consists substantially of carbon dioxide, a hydrogen atom source is required
to balance out the mass batance. The more carbon dioxide goes back inte the production of
operating material, the more hydrogen must be fed into the system. Hydrogen atoms can he
made available in the form of electrolytically produced hydrogen gas, for example, or in the form
of nafural gas with a high hydrogen gas content.

Such an energy supply system according to the invention enables a substantially more efficient
design of the energy supply networks by combining different types of energy carrier with
complementary characteristics in one overall system, namely electrical energy on the one hand
and chemical energy in the form of fluid operating materials on the other hand. Electrical energy
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can be transported very quickly over large distances but is very difficult to store. Fluid cperating
materials, on the other hand, can be stored for as long as desired. Mowever, due {o their mass,

transport is slowsr and more expensive.

Advantageously, fiuid operating materials are used which have a maximally high energy density
by volume, the density being controllable to a certain extent, of course, ift gaseous, i.e.,
compressible operating materiais. Table 1 below lists the energy densities of some fluid

operating materials:
Table 1

Fluid operating material Energy density [MJ/kg] Density” [kg/m®]  Energy density (MJ/im?]

Methanol 19.7 792 15840
Natural gas H 50 0.8 40
Natural gas L 36 0.8 28
Hydrogen 142 0.09 13
Diegel™ 455 820 37310
Gasoline ™ 43 720 30240

* Density at normal pressure; ™ examples of hydrocarbon mixtures

As fiuid operating materials, diesel-analogous hydrocarbon mixtures are especially suitable
because, on the one hand, they have a high energy density and, on the other hand, have lower
transport requirements than pressurized natural gas.

For example, a line system can be used as a transport system for fluid operating materials in
which the fluid operating material is continuously conveyed through pumping. Another possible
fransport system ig transport in individual batches, for example by tanker, or a combination of
such systems. A line-based transport system is advantageous for energy supply systems with
relatively small spatial distributions, whereas transport by truck can be more favorable for
greater distances and allows for flexible adjusiments of {he energy supply system.

Moreover, an energy supply system according to the invention advantageously comprises a
system for the electrolytic production of hydrogen gas for use in the manufacture of the fluid
operating materials. Especially advantageously, each energy-generating unit has such a

system.
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The use of electrical energy for the production of the hydrogen gas makes it possibie to flexibly
utilize irregularly or only temporarily occurring electrical energy, for example from remote wind
power stations or from photovoltaic or solar thermat power stations, when the slectrical energy
is available and to store it for later use in chemical form either as compressed hydrogen gas or
in the form of the fluid operating materials produced from the hydrogen gas and carbon-

containing source material.

A method is known from the applicant's WO 2011/061288 A1 in which carbon-containing source
materials and, optionally, hydrogen are converted into carbon-containing operating materials
using a thermal chemical method in a closed loop. Heat energy produced in the method can be
used to generate base load current. Peak-load current can in turn be flexibly generated from the
operating materials produced. A supply system with two separate line circuits is known from the
applicant's WO 2011/089200 AZ. Using a first line circult, various energy consumers are
supplied with fluid operating materials, which have been produced, for example, using a system
from WO 2011/061288 A1. Residual gas consisting substantially of carbon dioxide occurring
during the energetic utilization is returned via a second line circuit to the system in order to close
the carbon dioxide circuit again. The disclosure of WO 2011081299 A1 and WQ 2011/089200
AZ is hereby integrated in ifs entirety by reference as part of this description.

in another advantageous design variant of an energy supply system according to the invention,
the at least one energy-generating unit has a utifization system with a first subunit for performing
the pyrolysis of carbon-containing material into pyrolysis coke and pyrolysis gas; a second
subunit for the gasification of the pyrolysis coke into synthesis gas and residues,; and a third
subunit for performing a conversion of the synthesis gas into fluid operating materials, with
return gas being left over. All three subunits are sealed in a pressure-tight manner and form a
closed circuit. A transport line for the pyrolysis gas connects the first subunit in a pressure-tight
manner to the second subunit andfor to the third subunit. A transport line for the synthesis gas
connects the second subunit in a pressure-tight manner fo the third subunit and/or to the first
subunit, A transpert line for the return gas connects the third subunit in a pressure-tight manner
to the first subunit and/or to the second subunit. The hydrogen gas is fed info at least one of the
three subunifs. Especially advantageously, the third subunit comprises a Fischer-Tropsch
synthesis step and/or a liquid-phase methanol synthesis step.

Also advantageously, the utilization system is set up for the purpose of feeding residual gas
from the second energy supply network to at least one of the three subunits.

What is more, in an energy supply system according fo the invention, the at least one energy-
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generating unit can comprise a system for producing electric current. This system can have a
process steam-operated steam turbine andfor @ gas turbine operated using fluid operating

materials, or a combined gas/steam turbine.

It is advantageous in such a variant of an energy supply system according {o the invention for
the at least one energy-generating unit to be provided for the purpose of feeding the eleciric
current produced into the first energy supply network.

An especially advantageous design variant of an energy supply system according to the
invention comprises a control unit that can communicate via a communication network with the
at lzast one energy-generating unit and the at least one energy management unit or with an
energy consumer of the energy supply system and that is set up for the purpose of contraliing

the operation of the various uniis.

Furthermore, the control unit can be set up for the purpose of communicating via a
communication netwaork with controt units of other energy supply systems and/or with external

power stations and/or with controt systems of power networks of higher hierarchy levels.

An energy supply system according to the invention as described above advantageously has at
least one energy management unit for supplying a local energy supply network. This energy
management unit comprises devices for extracting electric current from the higher-level power
network of the energy supply system, converting it into lower-voltage electric current, and
feading this lower-voitage electric current into a power network of the local energy supply
network: as well as devices for extracting the fluid operating materials from the transport system
for fluid operating materials of the energy supply system, for generating electric current from
said fluid operating materials, and for feeding the electric current into said power network of the
local energy supply network, Moreover, the energy management unit comprises a control
system that is set up for the purpose of communicating via the communication network with the
control unit of the energy supply system.

This control system of the at least one energy management unit is advantageously set up for
the purpose of communicating via a communication network with focal energy consumers and

focal energy producers of the local energy supply network.

The at lsast one energy management unit can also have devices for collecting residual gases
occurring during the energetic utilization of the fluid operating materials in the energy
management unit and for returning these residual gases to the residual gas transport system of

the energy supply system.
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In ancther advantageous variant, the af least one energy management uni of an energy supply
network according to the nvention has devices for heating heat media and/for chilling cold
media, the energy required for this being drawn from the power network of the energy supply
system and/or obtained through the energetic utilization of the fluid operating materials obtained
from the operating material transport system of the energy supply system, and devices for
feeding the heated heat media andfor chilled cold media into corresponding heat fransport
systems or cold transport systems of the locat energy supply natwork.

The term “heat medium” is understood as referring to suitable fluid heat carriers, particularly
water but also oil, steam or inert gas, for example. The term “cold medium,” in turn, also refers
fiuid heat carriers, particularly water but also oil, steam or inert gas.

The control unit of an epergy supply system according to the invention is especially
advantageously set up for the purpose of controlling and coordinating the at least one energy-
generating unit and the at least one energy management unit in such a way that the maximum
transport rates into the two energy supply networks are lower than without control.

in an embodiment of an energy supply system according to the invention, the control facility of
the at least one energy management unit is adapted to communicating via a communication
network with local energy consumers and local energy producers of the local energy supply
network.

In another embodiment of a power supply system according to the invention, the control facility
of the at least one energy management unit is adapted to controlling the energy management
unit such that it essentially only draws the base load of the power requirement of the local energy
supply network from the superordinate power grid, whereas the peak foad of the power
requirement of the local energy supply network is covered by the energetic exploitation from
fluid operating materials.

in a further embodiment of a power supply system according to the invention, the controt facility
of the at least one energy management unit is adapied to controlling the energy management
unit such that the supply rate of fluid operating materials from the operating material transport
system is essentially constant over time.

In still another embodiment of an energy supply system according to the invention, the at least
one energy management unit features devices for capturing residual gases arising in the energy
management unit during the energetic exploitation from the fluid operating materials and for the
return fransport of these residual gases to a residual gas transport system of the energy supply
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system.

In yet another embodiment of an energy supply system according to the invention, the control
facility of the at least one energy management unit is adapled to alternately extracting fluid
operating materials from a transport system designed as a common line system for fluid
operating materials and residual gases of the energy supply system and to feeding residual

gases into this common line system.

A second aspect of the disclosure relates to an advantageous energy management unit for
supplying a local energy supply network. Such an energy management unit according to the
disclosure for supplying a local energy supply network comprises devices for extracting electric
current from a higher-level power network of an energy supply system, for converting it into
lower-voltage electric current, and for feeding this lower-voltage electric current into a power
network of the local energy supply network. Moreover, it comprises devices for extracting fluid
operating materials from a transport system for fluid operating materials of the energy supply
system, for generating electric current from said fluid operating materials, and for feading said
electric current into said power network of the local energy supply system. A control system of
the energy management unit is set up for the purpose of communicating via the communication

network with a control unit of the energy supply system.

Another advantageous embodiment of such an energy management unit according to the
disclosure for supplying a local energy supply network comprises devices for extracting electric
curren{ from a higher-level power network of an energy supply system, for converting it into
fower-voltage electric current, and for feeding this lower-voltage electric current into a power
network of the local energy supply network. Moreover, it comprises devicas for extracting fluid
operating materials from a transport system for fluid operating materials of the energy supply
system, for generating electric current from said fluid operating materials, and for feeding said
electric current info said power network of the local energy supply system. A control system of
the energy management unit is set up for the purpose of communicating via a communication
network with a control unit of the energy supply system and of controlling the delfivery rates of
electric current from the higher-leve! power network and of fluid operating materials from the
operating material transport system in such a way that a maximally uniform loading of the
corresponding supply networks over time is achieved, and/or a minimally-sized dimensioning of
the second energy supply network in relation to the line cross section and/for the operating

pressure is achieved.

Especially advantageously, the controf system is set up for the purpose of communicating via a
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communication network with local energy consumers and locat energy producers of the local
energy supply network.

The control system is especially advantageously set up for the purpose of controfiing the energy
management unit in such a way that it draws substantially only the base load of the power
requirement of the local energy supply network from the higher-level power network, whereas
the peak load of the power requirement of the local energy supply network is covered by the
ensergetic utilization of fiuid operating materials.

In addition, the control system can be set up for the purpose of confrolling the energy
management unit in such a way that the delivery rate of fiuid operating materials from the
cperating material transport system is substantially constant over time.

in another advantageous design variant of an energy management unit according o the
disclosure, devices are provided for collecting residual gases occurring during the energetic
utilization of the fluid operating materials in the energy management unit and for returning these
residual gases to a residual gas transport system of the energy supply system.

In yet another advantageous variant, the energy management unit according to the disclosure
comprises devices for heating heat media and/ chilling cold media, the energy required for this
being drawn from the power network of the energy supply system and/or obtained through the
energetic utilization of the fluid operating materials obtained from the transport system of the
energy supply system. Moreover, devices are provided for feeding the heated heat media and/or
chiffed cold media into corresponding heat fransport systems or cold transport systems of the
local energy supply network.

Another advantageous energy management unit for supplying a local energy supply network
cormprses devices for extracting electric current from a higher-level power network of an energy
supply system, converting it into lower-voltage slectric current, and feeding this fower-voltage
electric current into a power network of the local energy supply network; and devices for
extracting fiuid operating materials from a transport system for fluid operating materials of the
energy supply system, for generating electric current from said fluid operating materials, and for
feeding the electric current into said power network of the local energy supply netwark. A control
system is set up for the purpose of communicating via the communication network with a control
unit of the energy supply system. The energy management unit further comprises devices for
coliecting residuat gases occurring during the energetic utilization of the fiuid operating matevials
in the energy management unit and for retuming these residual gases to a residual gas transport
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system of the energy supply system.

in such an energy management unit, the control system is especially advantageousty set up for
the purpose of alternately extracting fluid operating materials from a transport system for fluid
operating materials and residual gases of the energy supply system designed as a common ling

system, and feeding residual gases into this common line system.

A second aspect of the invention relates to an advantageous method for supplying one or more
locat energy supply systems with electrical energy. In a mathod according to the invention for
supplying one or more local energy supply systems with electrical energy, electrical energy is
drawn from a higher-level power network and fed into a first energy supply network; fluid
operating materials are produced using at least one energy-generating unit, are optionally
temporarily stored, and fed into a second energy supply network, the energy required for the
production of the fluid operating materials being drawn from the higher-level power network and,
optionally, additionally obtained from energy-containing catbon-containing source materials;
electrical energy is drawn from the first energy supply system with at least one energy
management unit and fed info the local power network; using the at least one energy
management unit, enargy is obtained in the form of fluid operating materials from the second
energy supply network, is optionally temporary stored, and electrical energy for the local energy
supply system is produced through energetic utilization of the fluid operating materials for the
local energy supply system and fad into the local power network; and the production of fluid
operating materials by means of the at least one energy-generating unit and the obtaining of the
two different forms of energy in the form of electrical energy and fluid operating materials
through the at least one energy management unit is controlled and coordinated in such a way
that the maximum transport rates in the two energy supply networks are jower than without
controlling, by having a staggered supply of the individual energy management units, as to
reduce peak volumes, and having the various energy management units store the fluid
operating materials and the residual gases in tanks or pressure accumulators until the operating
materials are used up, or the residual gases are reclaimed.

in yet another design variant of an ensrgy management unit according to the disclosure, the
latter is set up for the purpose of exchanging energy carriers with other energy management
units according to the disclosure via the first energy supply network and/or the second energy
supply network, the participating energy management units communicating with one another for
this purpose.

For instance, two energy management units according to the disclosure connected via the
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energy supply networks can agree to exchange electrical energy as follows: A first energy
management unit generates electrical current from fluid operating materials that it takes from
the second energy supply network or from its intermediate storages and forwards it to the
second energy management unit, where it is consumed. Such an embodiment has the
advantage, for exampie, that the capacity of the second energy management unit to generate
power is factually increased in this way when the first energy management unit does not heed
this capacity.

Alternatively or in addition, the energy management units according to the disclosure can also
exchange energy in the form of operating materials; that is, a first energy management unit
conducts fluid operating materials from its intermediate storages via the transport system of the
second energy supply network to a second energy management unit, which stores these
operating materials in its intermediate storages and/or uses them for energy utilization. Such an
embaodiment has the advantage, for example, that the capacity of the intermediate storages of
the second energy management unit to generate power can be factually increased in this way
through its use of the intermediate storages of the first energy management unit. Another
advantage is the flexible allocation of energy in storable form, namely fluid operating materials,
to the various energy management units, so that the system can quickly addrass changing
demands without requiring the first energy supply network andfor the second energy supply
network and the extemal epergy-generating units having o have capacilies that are
suhstantially greater than the average required capacity level.

Alternatively or in addition, the energy management units according to the disclosure can also
exchange occurring residual gases via a residual gas transport system of the energy supply
system, i.e., a first energy management unit conducts residual gases from its intermediate
stores via the residual gas transport system fo the second energy management unit, which
stores these residual gases in its intermediate stores to be returned later. Such an embodiment
has the advantage, for example, that the capacity of the residual gas intermediate storages of
the second energy management unit {0 generate power can be factually increased in this way
through its use of the infermediate storages of the first energy management unit.

Brief Description of the Drawings

To faciltate better understanding of the present invention, reference is made below o the
drawings. These show only exemplary embadiments of the inventive subject matter and are not
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capable of fimiting the invention to the features disclosed therein.

Figure 1 shows a schematic view of one possible embodiment of an energy supply system
according to the invention interacting with a higher-level energy supply network and
a local energy supply network.

5 Figure 1a shows a schematic view of one possible embodiment of a common transport system

for fluid operating materials and residual gases.

Figure 1b shows a schematic view of one possible embodiment of a conveyor unit of a
fransport system from Figure 1a.

Figure 2 shows a schematic view of one possible embediment of an energy-generating unit
16 for use in an energy supply system as shown in Figure 1.

Figure 3 shows a schematic view of ancther possible embodiment of an energy-generating

unit for use in an energy supply system as shown in Figure 1.

Figure 4 shows a schematic view of one possible embodiment of an energy management
system according to the disciosure interacting with an energy supply system
15 according to the invention and a local energy supply network.

Figure 5 shows a schematic view of another possible embodiment of an energy management
unit according to the disclosure for supplying a local energy supply network, with a
power network and a district heating network.

Figure 8 shows a schematic view of another possible smbodiment of an energy management

20 unit according to the disclosure analogous to Figure 5, with means for collecting
residual gases of the energetic utilization of the fluid operating materials and the

returning thereof to the second energy supply network of an energy supply system

according to the invention.

25 Execution of the invention

An exemplary embodiment of an energy supply system 2 according to the invention is shown
schematically in Figure 1. A first energy supply network 4 comprises a power network 36 for
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distributing the electrical energy within the energy supply network. This power network 4 can be
embodied as a regional medium-voltage power grid, for example. A second energy supply
network 6 comprises a fransport system 60 for transporting fluid, i.e., fiquid or gaseous,
operating materials as a second form of energy. In the depicted example, the transport system
80 is embodied as a loop system, but it can also have a different topological design, such as

that of a branched line network, for example.

An energy-generating unit B, which is shown in even more detail in Figs. 2 and 3, generates the
fluid operating materials and feeds them into the transport system 80. Several generic energy
consumers 11 draw energy from the two energy supply networks 4, 5, as do several energy
management systems 10 for supplying energy to local energy supply systems 32. Possible
embodiments of energy management systems 10 according to the disclosure are discussed
with respect to Figs. 4, 5 and 6. Smaller electrical power stations 13, such as smaller wind powsr
stations and hydro-slectric power stations, for example, can also be part of the network 4.

The energy supply system 2 or, to put it more precisely, the power network 4, 36 of the energy
supply system. is connected via a substation to a power network of a higher hierarchy level 34,
here an interregional high-voltage electrical network 34 for the sake of example, from which it
draws electrical energy. As shown here, additional regional power networks 36" and other
energy stupply systems 2’ according to the invention can be connected to the higher-level power
network 34. Various electric power planis 14, 15 provide current to the high-vollage electrical
network 34, for example photovoltaic or solar thermal grass power stations 14’ and wind powey
stations 14"

A control unit 9 of the snergy supply system 2 according to the invention is connected via a
generic communication network 16 {not specified in further detail), for example the internet, a
wireless {elecommunications network, or a line-supporied communication network set up
especially for this purpose, to the energy-generating units 8. the energy management units 10
according to the disclosure, and the other generic energy consumers 11 and energy producers
13 and can exchange data and control commands with same. in the depicted example, the
control unit 9 can also communicate with external systems, such as power station 14", for

sxample, or corresponding control points of the higher-level network 34.

The controf device 9 of an energy supply system 2 according to the invention has the purpose
of enabling the various energy consumer units 10, 11 to be efficiently supplied with fluid
operating materials, thus enabling the minimally small dimensioning of the operating material
transport system of the second energy supply network 6 both in refation fo the line cross section
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and the operating pressure.

Advantageously, the individual energy management units are supplied in a hierarchized
manner. The returning of the residual gases 58 fo the line system 62, if present, can also be
controlied in a hierarchized manner. Therefore, instead of each energy consumer drawing
energy from the second energy supply network 6 as desired and needed and pumping residual
gases into same, the delivery occurs in a coordinated manner, whereby substantially fewer peak
volumes occur. The various energy consumer units store the fluid operating materials and
residual gases in tanks or pressure accumutators untif the operating materials are used and the
residual gases are returned. Besides the minimal dimensioning of the supply network, the
centralized controt of the supply also enables minimat design of these intermediate storages, as
opposed o a possible solution with extremely large intermediale storages and without
certralized control.

In ancther advantageous variant, the second energy supply network 6 can be embodied such
that fluid operating materials and residual gases are both transported via a common line system.
For this purpose, the two different media are conveyed in a pulsed manner, that is, only one
respective medium is conveyed at a given point in time, a switch being made between the
different media as required. For example, during a first feed puise, liquid operating material is
pumped from the energy-generating unit through the line system to one or more energy
management systems or other energy consumers, which receive and temporanly store the
operating material. During a second feed pulse, compressed residual gas mixture is pumped by
the energy management systems or other energy consumers through the same line systems in
the opposite direction to the energy-generating unit.

The regulation of the pulses can be demand-driven, or it can occur according to a predetermined

periodic patlern.

Such an advaptageous solution requires only one ling system and is therefore more cost-
effective in terms of construction and maintenance. By virtue of their different physicochemical
properties (liquid or gaseous, very different vapor pressures), the two media (liquid operating
materials and residual gas mixture) can be separated without difficulty. Practically no gas
residues remain in the liquid operating materials. The fraction of vaporous operating materials
in the residual gas can be separated off and recovered through condensation. In addition, the
partial pressure/gas pressure of the operating material in the residual gas remains the same at
constant temperature, whereby the relative content can be minimized by means of high
operating pressure, However, such operating material fractions can aiso be left in the residual
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gas mixture, since they are also automatically recycled during the processing of the residual
gases and made available again as operating materials.

A common fine system is suitable especially for spatially smaller ensrgy supply systems, since
the changeover phase between the different media otherwise takes too long due to the larger
volume of the line system. The reason for this is that, during a medium change, the line system
mus{ be emptied of the respective previous medium and filed with the other medium before
transport can effectively occur. Alternatively, the feed pulses can also be selected so as to be
longer, thus rendering the changeover phases without feeding capacity less relevant.

Alternatively, liguid operating materials 56 can also be conveyed simultaneously with the
residual gas mixiure 58 through a common line system 6, 60, 82, in which case the transport
aceurs in segments between conveyor unifs 100. Such a system is shown schematically in
Figure 1a. The various units 8, 10, 11, 13, which feed operating materials 56 into the common
transport system 60, 82 or exiract them from same and feed residual gases 58 into the comman
transport system 80, 82 or extract them from same, are each connected via a conveyor unit 100
to the commoen transport system. i is also possible to hand several units onto a common
conveyor unit 100, as shown at the boftom of Figure 1a, for example, where two energy
management units 10 are operatively connecled to a conveyor unit 100.

Two conveyor units 100 ave respectively connected fo a section of the transport line. the
transport of operating materials and/or residual gases each occuring unidirectionally. The
depicted circular line topography is to be understood merely as an example. Star-shaped
natwork topologies or networks are also possible. Accordingly, conveyor units 100 can also be
connected only {0 one line section ar to three or more sections.

One advantageous embodiment of a conveyor unit 100 is shown schematically in Figure 1b.
The conveyor unit is connected to the ends of two line sections of the transport system 6, 60,
62. Any mixture of residual gases 58 and liquid operating material 56 that is conveyed through
the line sections passes through corresponding deflector devices, for example corresponding
valve devices, info a separation module 104, info which residual gases 58 and operating
materials 56 are physically separated and stored in corresponding intermediate storages 1086,
108. An energy management unit 10 removes residual gases and operating materials from
these intermediate storages and feeds residual gases and operating materials into the

intermediate tanks.

A conveyor modute 104, in turn, comprising one or more pump units, for example, conveys the
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desired quantities of residual gases and operating materials from the intermediate storages to
the line seclions.

A control module {not shown} of the conveyor unit conirols the removal and feed-in of the
residual gases and operating materials into the two line sections according to the desired
specifications. Advantageously, the control moedules of the various conveyor units 100 of the
transport system communicate with one another in order to coordinate the directions of
conveyance and quantifies and achieve maximally efficient transport.

In a variant of the depicted system, an activatable bypass can be provided in the conveyor unit
in order to directly interconnect the two line sections when the conveyor unit is to be temporarily
decoupled from the fransport system.

Simuttaneously, the feeding of fluid operating materiais into the second energy supply network
6 and/or the removal of residual gases can be controfied in a centralized manner, which makes
sense especially when several energy-genarating units 8 are present. In the case of a single
energy-generating unit, i can be sufficient to provide one large intermediate storage and to
maintain the pressure in the system of the energy supply network within certain operational
fimits.

The control unit 9 can be implemented as a separate computer system or as a logical
interconnection of different computer systems, the spatial focation of these computer systems
being irrelevant. The control unit @ can thus be provided at the location of an energy-generating
unit 8, for example, or atany other location. Likewise, a decentralized layout of the control device
is possible, with several submodules that communicate with one another. The centralized
contrelling of the energy supply system 2 according to the invention is to be undersiood such
that, in practice, the data of all of the different operative units 8, 10, 11, 13 flow into the control
process, independently of whether the actual con commands to the units are generated by a
certain computer system or the various units appropriately coordinate amongst themselves.

Figure 2 shows a simplified schematic representation of an exemplary energy-generating unit
8 of the energy supply system 2 according to the invention, here in the form of a system for the
thermal and chemical utilization of carbon-containing substances as disclosed in WO
201 1/061299 A1l

In a substantially closed circuit, carbon-containing source material 50 and hydrogen gas 48 as
chemical energy carriers as well as water 49 is converted in the thermal and chemical utilization
system 37 into fluid operating materials 58, for example gaseous hydrocarbons such as
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msthane, sethane or kquid hydrocarbons such as diesel-like mixtures, for example, or other

chemical energy carriers such as methano!, for example.

Household refuse can be used as a carbon-containing source material 50, for example, as can
other low-~grade energy carriers, such as scrap tires, used oil and sewage sludge. Carbon
dioxide-neutral biomasses such as woodchips, for example, are also suitable. Hydrogen gas 48
is used both as a hydrogen source and as a chemical energy carisr. i carbon dioxide is fed
inte the circuit as the carbon-containing source material, for exampie through the residuat gas
58 from the second energy supply network 6 consisting substantially of carbon dioxide, the
appropriate additional quantity of hydrogen gas 48 must be fed in.

Molecular hydrogen is produced from water using elactrical energy through electrolysis. The
electrical energy can originate particularly from regenerative energy sources such as
hydropower, wind powsr, solar energy, elc., or from cther sources such as nuclear power
stations, for example, which otherwise cannot utilize their constantly generated thermal energy
at times when the demand for current is tow. The electrical snergy can be drawn from the first
energy supply network 4 (which, in turn, is connected to the high-voltage electrical network 34)
or, allernatively, directly from the high-voltage electricat network 34, which resuits primarily from
the specific design of the power network.

Whether the hydrogen gas is generated at the location at which it is consumed, that is, within
the system 2, or at the location at which current is produced, is irrelevant to the invention.
However, production near the place of subsequent consumption is advantageous for logistical

reasons.

Storage devices for hydrogen gas can also be provided (not shown), for example in the form of
metal hydride stores, or more cost-effectively in the form of pressure tanks. The conversion of
electrical energy into chemical energy in the form of hydrogen thus makes it possible to utilize
a supply surplus of electrical energy. Since the production output can be controfied very quickly,
short-term production peaks on a local network, for example of rooftop photovoltaic power
systems, can also be absorbed in this way without overloading the network. Accordingly, the
capacities of the network can be better utilized without the risk of overload.

In the utifization system 37, in a first step 38 and second step 40, the carbon-containing source
material 50 is converted into synthesis gas mixture 53. in the first step 38, the carbon-containing
substances 50 are pyrolyzed, resulting in pyrolysis coke 51 and pyrolysis gas 52. In the second
step 40, the pyrolysis coke 51 is gasified out of the first step, resulting in the synthesis gas
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mixture 53 and leaving behind slag and other residues 55. These are discharged and recycled
or disposed of. In a third step 42, the liquid and/or gaseous operating materials 56 are generated
from the synthesis gas mixiure 53, The refurn gas mixture 54 remaining after the synthesis step
42 substantially contains carbon dioxide and is fed back into the first step &8 as a gasifying
agent. All three steps are sealed in a pressure-tight manner and form a substantially closed

circuit.

Using such a system 2, solid, liquid or gaseous substances 50 can be efficiently converted into
gaseous or liquid operating materials 34. In addition, the system 2 can provide thermal energy
in the form of process steam 67, from which constant electric current 46 is generated by means
of a generaior 58 operated by a steam turbine, the electric current 46 being fed into the medium
valtage power network 4 and used to cover the base load. Alternatively, it can be fed into the
high voltage power network 34.

The hydrocarbon-containing operating materials 56 produced in the synthesis step 42 are
stored in an infermediate storage 64, for example in the form of a tank. In designing the
intermediate storage, the volume of operating material present in the line system 60 can also
be taken into account. Depending on the changing demand, the fluid operafing materials 56 are
fed into the second energy supply network 8, namely the transport system 80 for fluid cperating
materials. Corresponding conveyor devices are provided there {not shown).

in energy supply systems with a spatially compact design, this transport system is
advantageously designed as a line system, for example in form of underground or above-ground
lines. Sections of the transport system can also be implemented with tank car transports. This
can be particularly advantageous if an energy supply system is under construction, or if a
permanently installed line is not possible for other reasons, for example due to the distances
involved, or due o the legal situation.

in the exemplary embodiment shown in the figure, the energy-generating unit 8 extracts residual
gas 58, i.e., the gas mixture, which occurs during the energetic utilization of the Huid operating
materials by energy consumer 11 and energy management units 10, from a transport system
62 for residual gases 58 of the second energy supply network 6. A pressure tank 66 is being
used as an infermediate storage. This enables fluctuations in energy demand or in the mass
flow of the residual gases to be bridged aver without difficulty.

The residual gas is subsequently fed inte the closed circuit of the thermal and chemical
utifization system 37. This rasulfs in a closed loop, whereby substantially no carbon dioxide is
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discharged into the atmosphere. If the residual gas 58, in addition to the carbon dioxide and
smaller quantities of carbon monoxide unutilized operating material, contains unusabte inert gas

fractions such as nitrogen, for example, then they are advantageously removed.

Liquid hydrocarbons or hydrocarbon mixtures, such as diesel-like mixtures, for example, or
other arganic compounds such as methanol, for example, are particularly suitable as fluid
operating materials. Liquid operating materials enable a greater energy content per volume and,
accordingly, a smaller dimensioning of the fine network 80. However, gaseous operating
materials are also possible, particularly methane, ethane, etc. Reference is made in this regard
to table 1 above.

The external energy feed-in occurs in the energy-generating unit 8 via the hydrogen 58 and the
electrical energy 46 required for the electrolytic production thereof, and/or via energy-containing,
carbon-containing source materials 38, such as carbon dioxide-neutral biomass or difficutt-to~
utilize household refuse. To maintain the mass balance of the energy supply system according
to the invention, it is only possible and necessary to feed in carbon-containing source materials
50 in order to compensate for lost carbon atoms in the mass flow — that is, when not afl of the

carbon makes it back to the energy-generating unit 8.

Another possible embodiment of an energy-generating unit 8 in an energy supply system 2
according to the invention is shown in Figure 3. In this variant, the second energy supply system

does not comprise a transport device for residual gases.

Analogous to Figure 2, to generate electric current in the form of a power generator operated
by a steam turbine, a system 88 utilizes the process heat 87 that occurs in the continuously
operated thermal and chemical utilization system 37 in order to constantly generate electrical

energy.

in addition, another systemn 69, which obtains its energy from the fluid operating materials, is
also provided in order to produce electrical energy. Advantageously, such a system is designed
as a thermal engine, for example a diesel engine or a gas turbine or a combined gas/steam
turbine, with which a generator device is operated. The fact that such a system, through its
design, can run variably between minimum power and masximum power, and the operating
materials are taken from the intermediate storage 64, enables this system 89 to cover the
demand peaks in the network 4 of the energy supply system 2 according to the invention, insofar
as they s8il occur in conjunction with the energy management units 10 according to the
disclosLire, thus ensuring network stabitity.
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it is also possible to flexibly feed slectrical energy 45 into the higher-levet high-voltage electrical
network 34, for example in order to cover demand peaks, or in order to feed the first energy
supply network 4 indirectly 32. Excess capacities of fluid operating material can thus also be

diminished.

An energy management unit 10 according to the disclosure, as pard of both an ensrgy supply
system 2 according to the invention and of a local energy supply system 30, is shown
schematically in Figure 4.

The energy management unit according to the disclosure has the purpose of supplying a local
energy supply network 29 with electrical energy 47 in the form of a local low-voltage network
90, The local power network supplies several smaller energy consumers 28 — individual
households, for example — and large-scale consumers 27 — such as high-rise buildings,
hospitals, efc. For this purpose, the energy management unit 10 draws electrical energy 46 from
a first energy supply network 4 of an energy supply system 2 according to the invention and
transforms it down to the mains voitage of the local power network 90, Furthermore, the energy
management unit 10 obtains fluid operating materials 56 from a transport system €0 of a second
energy supply network & of the energy supply system 2. These operating materials are stored
in an intermediate storage 64’ and used with suitable devices as needed to produce current 47
for the ocal network 90. For example, a generator 76 can be driven by a combustion engine
operated with the fluid operating materials, or by a gas turbine.

As necessary, an enargy management unit 10 can also completely decouple the local network
compietely from the first energy supply network 4 for a short time if this is necessary in order to
maintain the stability of the network. Short-term power outages can also be absorbed in this
way. As the end of this autonomous supply nears the end, appropriate warnings c¢an also be
sent to the local consumers. In this way, computer systems can be downloadad in a timely
manner, for example, and standby sets can be started up early for critical systems such as those

in hospitals, for example.

Alternatively or in addition, it is also possible to use a fuel cell device 78 to generate direct
current 84 and its subsequent inversion 82 for the purpose of being fed into the local power
network 90. it is also possible to use suitable current storage devices such as high-performance

capacitors or accumulators 80.

The system 74, 76 can also be embodied such that, instead of feeding low voitage 47 into the
incal network 90, medium voltage 46 is generated and fed into the first energy supply network
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4 in this way, in addition to the local power supply. the network stability of the medium-voltage
power grid 45 can be improved. For instance, #t is possible to replace the peak load current
production system 89 in an energy-generating unit 10 as shown in Figure 3 with a plurality of
smaller peak load current production systems 74, 76 that are arranged so as to be distributed

over the network 4.

The local power network 80 can also contain smaller current product:on systems 28 that feed
the generated electrical energy into the local power network. Typical examples of this are small-
and medium-~sized photovoltaic power systems such as those instalied on rooftops of houses

and plant roofs.

The energy management unit 10 comprises a control system 70 for controlling the various
functional elements of the overall system, particularly the obtaining of fluid operating materials
58 from the second energy supply network & and the current production from the fluid operating

materials.

On the one hand, the control system 70 has the purpose of obtaining energy in the two forms,
slectricily 46 and fluid operating materials 56, from the first 4 and second § energy supply
network of the energy supply system 2 such that a maximally uniform loading of the
corresponding networks 38, 50 over time is achieved. For this purpose, the control system 70
can communicate via a suitable communication network 18 with a control unit 9 of the energy
supply system 2 in order to coordinate the aclivities of the various units 8§, 10, 11, 13 of the
energy supply system 2.

Iry one possible, simple variant, the control system 70 can confrol the delivery rate for energy
46, 56 and the in-house production 74/76, 78 of the energy management unit 10 such that only
the base load components or a portion of these base load components of the energy
requirement of the local energy supply system 30 is covered by the power network 4, 36, and
the remaining demand for current production 74, 76 is covered with the aid of the operating
materials 56. The operating materials, in turn, are continuously removed from the transport
system 60, the intermediate storage 64’ acting as & buffer.

Timed, sequential deliveries of fluid operating materials from the second network € through the
various energy management units 10 and generic energy consumers 11 are also possible, the
coordination occurring via the controt unit 12 of the energy supply system 2. For instance, the
different recipients 10, 11 can fill up their intermediate slorages successively with greater
transport throughput instead of alt of them simultaneously with a lesser throughput.
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The second purpose of the controf system 70 is the optimization of the loading of the local
network. Advantageously, the control system 70 is designed such that it can also communicate
with the individual energy consumers 28, 27 or groups of such consumers in order to collect
data on the forecast and actual energy requirement. This can be done using so-called smart

meters, for example.

Likewise, the control system 70 can collect data on the production of current by the local energy
producers 28. These data, in turn, can also be utilized 1o optimize the ensrgy deliveries from the
energy supply system 2 and to control the production of hydrogen in the electrolysis systems
44 of the electrolysis systems 44 of the energy-generating units 8.

Another design variant of an energy management unit 10 according to the disclosure is shown
in Figure 5. In this exemplary embodiment of the invention, the energy supply system 28 of the
local energy supply system 30, in addition to a power network 90, also has a district heating
system 32 with which at least a portion of the energy consumers 26, 27 is supplied with heat
energy 88. The energy management unit 10 comprises a heating system 86 for this purpose,
for example a boiler, in which a haat carrier medium, such as water or steam, for example, is
heated through combustion of the fluid operating materials 56. This is then fed into the district
heating network.

in the embodiment shown in Figure 5, the energy management unit 10 is set up for the purpose
of not only remaving fluid operating materials 56 from the second energy supply network 6 but
also to feed them back into same as needed. in this way, a coordinated intermediate storage
for fiuid operating materials distrbuted over the entire energy supply network can be
implemented, which is especially advantageous for spatially extended nefworks in order to
further reduce bottlenacks during peak loads.

Figure § shows yet another advantageous embodiment of an energy management unit 10
according {o the disclosure in operative interaction with an energy supply system 2 according
to the invention. The local energy supply system 29 is embodied analogously to Figure 5, the
local consumers 28, 27 not being shown.

The second energy supply system 8 comprises two transport systems 80, 82 analogously to the
exemplary embodiment of the invention in Figure 2, namely for the fluid operating materials 56
on the one hand and for the residual gases 58 occurring during the energetic utilization of the
aforementioned operating materials.

The oxidation of the fhad operating materials producing thermal or electrical energy in the
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various systems of the energy management unit is advantageously performed using oxygen-
enriched air, preferably with an oxygen content of > 8.5% or with pure oxygen, instead of with
air, in order to reduce or avoid inert gas fractions. The energetic utifization of the operating
materials can be done using combustion engines, for example, in which the heat ccourring
during the oxidation reaction is converted in a thermal engine info mechanical work, and this, in
turn, into eledtrical energy by means of a generator, or using fuel cells in which the oxidation
reaction is utilized directly to produce current. When using pure oxygen instead, substantially
only carbon dioxide and water vapor are left behind in the occurring reaction products.
Depending on the stoichiometry of the reaction, the occurring gases can also comprise certain
compaonents of carhon monoxide and unreacted operating material.

The residual gases occurring in the systems 74, 76, 86 of the energy management unit 10 in
the form of carbon dioxide, water vapor and, optionally, components of carbon monoxide and
unutilized operating material are collected during the energetic utilization of the fluid operating
materials. Water vapor is advantageously condensed out, so that only gaseous residual gases
56 remain, which are collected in an infermediate storage 66' and fed into the energy supply
network 6, 62. They are removed again from these by means of the at least one energy-
generating unit 8 and fed again to operating material production as a carbon source, thereby
closing the circuit.

if the transport system 60 is implemented in the form of the batchwise {ransport of operating
materiats, for exampile by means of truck tank cars, the corresponding trick tank cars can also
be used for the return transport of the residual gases, provided that they have a pressure-tight

design.

The present invention is not limited in its scope to the specific embodiments described herein,
Rather, in addition to the examples disclosed herein, a person skilled in the art will derive various
other modifications of the present agreement from the description and the associated figures
that alsc fall within the scope of protection of the claims.

{.ist of Reference Numerals

vy energy supply system
first energy supply network, power nefwork
second energy supply network

energy-generating unit

o 3 I kS



10

20

25

30

35

40

45

50

8
10
11

12
13
14, 14', 14"
15
16
18
20
22
24
25
26
27
28
29
30
32
34
36, 3¢’
37
38
40
42
43
44
45
46
47
48
49
50
51
52
53
54

55

o6
58
80
82
64, 64'
£86, 66'
67
68
68
70
72
73
74

DK/EP 3071675 T3

controt urit

energy management unit
energy consumer

control system

smmall power station

electrical power station

storage power station

communication network

data communication

carbon-containing energy carier

ine system for fluid operating matenials

line system for residual gases

group of energy consumers

local energy consumers

large-scale consumers

focal energy producers

local enargy supply network

local energy supply system

transition between different power networks
power network of higher hierarchy level
power network of lower hierarchy level
thermal and chemical utdlization system
first level

second level

third level

control unit

electrolysis system

electrical energy, high voltage

glectricat energy, medium vollage

elecirical energy, low voltage

hydrogen gas

waler

carbon-containing source material, low-grade energy carrier
pyrolysis coke

pyrolysis gas

synthesis gas mixture

return gas mixture

residues

fluid operating materials, high-grade fluid energy carrier
residual gases

transport system for fiuid operating materials, line system
transport system for residuat gases, line system
intermadiate storage, tank

intermediate storage, tank

process heat, hot steam

plant for producing electric current, steam turbine with generator

plant for producing electric current, gas turbine with generator
control system

transformer

intermediate storage, tank

thermal engine, combtistion engine, gas turbing

27734



10

i35

76
78
8¢
82
84
86
88
90
92
04
100
102
104
106
108

DK/EP 3071675 T3

generator

fuel celt

accumuiator

inverter/rectifier

divect current

heating system

hot water

jocal power network, low-voltage grid

tine system for heat fransport (district heating, hof water, steam)
fine system for cold transport (cold water)

feed unit

separation module

feed module

intermediate storage for residual gas fraction
intermediate storage for operating material fraction

28/34



DK/EP 3071675 T3

1
KOMBINERET ENERGINET
PATENTKRAV
1. Et energiforsyningssystem (2), med

et forste energiforsyningsnet (4) i form af et elnet (36)
til transport af elektrisk energi (40);

et andet energiforsyningsnet (6) med et transport system
(60) til vaske drevne hijzlpestoffer (56);

et transportsystem (62) til returtransport af kuldioxid
indeholdende restgasser (58) som opstar under energi
udnyttelsen af de vaske drevne hjalpestoffer hos en eller
flere energiforbrugere (11, 10); og

mindst en energigenererende enhed (8) med hvilken de
veske drevne hijelpestoffer kan fremstilles af kulstof
indeholdende materiale (50, 54, 58) og kan indfgres i det
andet energiforsyningsnet; og

mindst en lokal energi administrationsenhed (10) til
tilforslen af et lokalt energiforsyningsnet (29), med
hvilket vaske drevne hjalpestoffer genvundet fra det
andet energiforsyningsnet kan konverteres til elektrisk
energi (74, 76, 78) som i sin tur kan indfgres i et
lokalt elnet (90),

hvori mindst en administrationsenhed (10) omfatter
anordninger til at udvinde elektrisk strem (46) fra det
overordnede elnet (4, 36) af energiforsyningssystemet
(2), til konvertering af den elektriske strem (46) til
lavspendings elektriske strem (47), og til indfering af
denne lavspandings elektriske strom til et elnet (90) 1
et lokalt energiforsyningsnet; ligesom anordninger til
udtrakning af de vaske drevne hjzlpestoffer (56) fra
transportsystemet (6, 60) til veske drevne hjzlpestoffer
i energiforsyningsnettet, til generering af elektrisk
strem (47) fra navnte vaske drevne hjalpestoffer, og til
indfering af nevnte elektriske strom 1 nzvnte elnet 1 det
lokale energiforsyningsnet; og anordninger til
indfangning af restgasser (58) 1 energi administra-
tionsenheden (10) som opstar under energi udnyttelsen fra
de vaske drevne hjalpestoffer (56) og til retur
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transporten af disse restgasser til et restgas
transportsystem (6, 62) i energiforsyningsnettet (2);

en kontrolenhed (9) 1 energiforsyningssystemet (2) som
kan kommunikere via et kommunikationsnet (16) med mindst
en energi genererende enhed (8) og med mindst en energi
administrationsenhed (10) eller med en anden
energiforbruger (11) af energiforsyningssystemet (2) og
er udformet til at kontrollere driften af de forskellige
enheder (8, 10, 11); og

en kontrol facilitet (70) i1 mindst den ene energi
administrationsenhed (10) udformet til at kommunikere med
kontrolenheden (9) i energiforsyningssystemet via
kommunikationsnettet (16);

hvori kontrolenheden (9) i energiforsyningssystemet (2)
er udformet til at centralt kontrollere forsyningsgraden
af elektrisk strem (46) fra det overordnede elnet (4, 30)
og af de vaske drevne hijazlpestoffer (56) fra hjazlpestofs
transportsystemet (6, 60) saledes at den mindst mulige
dimensionering af det andet energiforsyningsnet (6, 60)
bliver opnaet i relation til ledertversnittet og/eller
driftstrykket,

ved at have en forskudt tilfersel i1 de individuelle
energi administrationsenheder, for at reducere spids
volumen, og have de forskellige energi
administrationsenheder til at lagre de wvaske drevne
hjaelpestoffer og restgasserne 1 tanke og
trykakkumulatorer indtil hjalpestofferne er opbrugte,
eller restgasserne skal tilbagefgres.

Energiforsyningssystemet i1 henhold til patentkrav 1,
hvori kontrolenheden (9) i energiforsyningssystemet (2)
er udformet til at kontrollere tilbageforslen af
restgasserne (58) til restgas transportsystemet (62) ogsa
pra en forskudt made.

FEnergiforsyningssystemet i henhold til patentkrav 1 eller
2, hvori kontrolenheden (9) i energiforsyningssystemet

(2) er udformet til at kontrollere forsyningsgraderne af
elektrisk strom (46) fra det overordnede elnet (4, 36) og
af vaeske drevne hjzlpestoffer (56) fra hjelpestofs
transportsystemet (6, 60) saledes at en sa ensartet som
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mulig belastning af de tilsvarende forsyningsnet (6, 60)
bliver opnaet.

FEnergiforsyningssystemet i henhold til et af de
foregdende patentkrav, hvori mindst den ene energi
genererende enhed (8) er udformet til at uddrage
restgasser (58) fra restgas transportsystemet (62) og
bruge dets kulstof indeholdende dele til at fremstille
vaske drevne hjzlpestoffer (56).

FEnergiforsyningssystemet i henhold til et af de
foregdende patentkrav, med en facilitet (44) til den
elektrolytiske fremstilling af hydrogengas (48) til brug
ved fremstillingen af de vaske drevne hjalpestoffer (56).

FEnergiforsyningssystemet i henhold til et af de
foregdende patentkrav, hvori mindst den ene energi
genererende enhed (8) omfatter en udnyttelses facilitet
(37), med en forste underenhed (38) til at udfore
pyrolyse af kulstof indeholdende materiale (50) til
pyrolysekoks (50) og pyrolysegas (52); en anden
underenhed (40) til at udfgre en forgasning af
pyrolysekoksen (50) til syntesegas (53) og restprodukter
(55); og en tredje underenhed (42) til at udfegre en
konvertering af syntesegassen (53) til wvaske drevne
materialer (56), hvori returgas (54) forbliver; og hvori
alle tre underenheder er lukkede pad en tryktaet made og
danner et lukket kredslgb; en transportlinje til
pyrolysegassen forbinder pa en tryktet made den forste
underenhed til den anden underenhed og/eller til den
tredje underenhed; en transportlinje til syntesegassen
forbinder pa en tryktet madde den anden underenhed med den
tredje underenhed og/eller til den fgrste underenhed; og
en transportlinje til returgassen forbinder pad en tryktet
made den tredje underenhed med den feorste underenhed
og/eller til den anden underenhed; hvori hydrogengassen
(48) indfegres 1 mindst en af de tre underenheder.

Energiforsyningssystemet i1 henhold til patentkrav 6,
hvori den tredje underenhed (42) omfatter et Fischer-
Tropsch procestrin og/eller et "liquid-phase methanol
synthesis" trin.
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Fnergiforsyningssystemet i henhold til et af
patentkravene 6 eller 7, hvori udnyttelses faciliteten
(37) er udformet til at tilfere restgasser (58) fra det
andet energiforsyningsnet (6) til mindst en af de tre
underenheder (38, 40, 42).

FEnergiforsyningssystemet i henhold til et af de
foregdende patentkrav, hvori mindst den ene energi
genererende enhed (8) omfatter en facilitet (68, 69) til
at producere elektrisk strem (45, 46).

Energiforsyningssystemet i1 henhold til patentkrav 9,
hvori faciliteten (68) til produktion af elektrisk strem
(45, 40) omfatter en dampturbine drevet af procesdamp.

FEnergiforsyningssystemet i henhold til patentkrav 9 eller
10, hvori faciliteten (69) til produktion af elektrisk
strem (45, 46) omfatter en gasturbine eller en kombineret
gas/damp turbine drevet af vaske drevne materialer (56).

Fnergiforsyningssystemet i henhold til et af
patentkravene 9 til 11, hvori mindst en energi
genererende enhed (8) er tilvejebragt med henblik pa
tilfogrsel af den producerede elektrisk strem i det forste
energiforsyningsnet (4).

Energiforsyningssystemet i1 henhold til patentkrav 12,
hvori kontrolenheden (9) er udformet til at kommunikere
via et kommunikationsnet (16) med kontrolenheder (9') i
andre energiforsyningssystemer (2') og/eller med eksterne
kraftverker (14, 14'', 15) og/eller med kontrolsystemer i
etnet (34) med hgjere hierarkiske niveauer.

Energiforsyningssystemet i1 henhold til patentkrav 13,
hvori kontrol faciliteterne (70) 1 mindst den ene energi
administrationsenhed (10) er udformet til at kommunikere
via et kommunikationsnet (16) med lokale energi
forbrugere (26) og lokale energi producenter (28) 1 det
lokale energiforsyningsnet (29).

Fnergiforsyningssystemet i henhold til et af
patentkravene 1 til 14, hvori mindst den ene energi
administrationsenhed (10) fremviser anordninger til
opvarmning af varmeoverferingsmidler (88) og/eller
afkeling af kglemedier (89), hvorved den kravede energi
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for at kunne gore det er trukket fra energiforsy-
ningsnettet (4, 36) af energiforsyningssystemet (2)
og/eller opnaet gennem energi udnyttelsen fra de
veske drevne materialer (56) fremskaffet fra det
fungerende transportsystem (6, 60) i energiforsy-
ningssystemet, og anordninger til indfering af det
opvarmede varmeoverfgringsmiddel (88) og/eller det
afkolede kglemedie (89) 1 tilsvarende varmetrans-
portsystemer (92) og kgletransportsystemer (94)
respektive, 1 det lokale energiforsyningsnet (29).

Fnergiforsyningssystemet i henhold til et af
patentkravene 12 til 15, hvori kontrolenheden (9) i
energiforsyningssystemet (2) er udformet til at
kontrollere og koordinere mindst den ene energi
genererende enhed (8) og mindst den ene energi
administrationsenhed (10) saledes at de maksimale
transport rater 1 de to energiforsyningsnet (4, 6) er
mindre end uden kontrol.

Energiforsyningssystemet i1 henhold til patentkrav 1,
hvori kontrol faciliteten (70) i mindst den ene energi
administrationsenhed (10) er udformet til at kommunikere
via et kommunikationsnet (16) med lokale energi
forbrugere (26) og lokale energi producenter (28) 1 det
lokale energiforsyningsnet (29).

FEnergiforsyningssystemet i henhold til patentkrav 1 eller
17, hvori kontrol faciliteten (70) 1 mindst den ene
energl administrationsenhed (10) er udformet til at
kontrollere energi administrationsenheden (10) saledes at
den hovedsageligt trakker basisbelastningen af
stromkravet i1 det lokale energiforsyningsnet (29) fra det
overordnede elnet (4, 36), mens spidsbelastningen af det
lokale energiforsyningsnet (29) bliver dakket af den
energirige udnyttelse af vaeske drevne materialer.

Fnergiforsyningssystemet i henhold til et af
patentkravene 1, 17 eller 18, hvori kontrol faciliteten
(70) 1 mindst den ene energi administrationsenhed (10) er
udformet til at kontrollere energi administrationsenheden
(10) saledes at forsyningsgraden af vaske drevne
materialer (56) fra det fungerende materiale
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transportsystem (6, 60) er hovedsagelig tidsmassigt
konstant.

Fnergiforsyningssystemet i henhold til et af
patentkravene 1, 17, 18 eller 19, hvori mindst den ene
energl administrationsenhed (10) indeholder anordninger
til at opfange restgasser (58) som opstar i energi
administrationsenheden (10) under den energirige
udnyttelse af vaeske drevne materialer (56) og til retur
transporten af disse restgasser til et restgas
transportsystem (6, 62) 1 et energiforsyningssystem (2).

Energiforsyningssystemenhed i henhold til patentkrav 1,
hvori kontrol faciliteten (70) i mindst den ene energi
administrationsenhed (10) er udformet til at skiftevis
uddrag vaske drevne materialer fra et fransportsystem
udformet som et falles linje system til vaske drevne

materialer (56) og restgasser (58) 1 et energifor-

syningssystem (2) og til at tilfere restgasser til
dette faelles linje system.

En metode til at tilfore et eller flere lokale
forsyningssystemer (30) med elektrisk energi (47), hvori

- elektrisk energi er trukket fra det overordnede
elnet (34) og bliver tilfert (46) i et forste
energiforsyningsnet (4);

- veske drevne materialer (56) bliver fremstillet
ved at bruge mindst en energi genererende enhed
(8), valgfrit midlertidigt lagret (64), og
tilfgrt i et andet energiforsyningsnet (6),
hvori den fornedne energi til fremstillingen af
veske drevne materialer er trukket fra det
overordnede elnet (34) og, valgfrit yderligere
fremskaffet fra energi indeholdende, kulstof
indeholdende kildemateriale (50);

- elektrisk energi (46) bliver trukket fra det
forste energiforsyningsnet (4) og tilfert i1 det
lokale elnet (90) ved brug af mindst en energi
administrationsenhed (10);

- energi i form af vaske drevne materialer (56)
som bliver fremskaffet fra det andet
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energiforsyningsnet (6) ved brug af mindst en
energi administrationsenhed (10), bliver
valgfrit midlertidigt lagret (64"), og elektrisk
energi (47) til det lokale energiforsynings-
system (30) bliver fremstillet gennem den
energirige udnyttelse af de vaske drevne
materialer og tilfert i det lokale elnet (90);

og

- fremstillingen af vaske drevne materialer (56)
ved hjzlp af mindst den ene energil genererende
enhed (8) ligesom genvindingen af de to
forskellige former af energi i form af elektrisk
energi (46) og vaske drevne materialer (56)
bliver kontrolleret og koordineret i forhold til
hinanden ved hjzlp af mindst den ene energi
administrationsenhed saledes at de maksimale
transport rater ind i1 de to energiforsyningsnet
(4, ©6) er lavere end uden kontrol;

ved at have en forskudt tilgang af de individuelle energi
administrationsenheder, for at reducere spids volumen, og
at have de forskellige energi administrations enheder til
at lagre den vaske drevne materialer og restgasserne 1
tanke eller trykakkumulatorer indtil de drevne materialer
er opbrugt, eller restgasserne er genvundne.
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