19 DANMARK (10 DK/EP 3726145 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent- og
Varemeerkestyrelsen

(51) Int.Cl.: F 24 D 10/00 (2022.01) F24 D 19/10 (2006.01)
(45) Overseettelsen bekendtgjort den: 2024-08-19

(80) Dato for Den Europaciske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2024-07-17

(86) Europaeisk ansggning nr.: 20173149.4

(86) Europeeisk indleveringsdag: 2016-11-02

(87) Den europeaeiske ansggnings publiceringsdag: 2020-10-21
(30) Prioritet: 2015-11-04 EP 15192955

(62) Stamansggningsnr: 16790345.9

(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: E.ON Sverige AB, Nobelvidgen 66, 205 09 Malm§, Sverige
(72)  Opfinder: ROSEN, Per, Masvigen 5¢, 227 33 Lund, Sverige
(74) Fuldmaegtig i Danmark: Dennemeyer & Associates S.A, P.O. Box 700425, DE-81304 Munich, Tyskland
(54) Benzevnelse: DISTRIKTSFORDELINGSSYSTEM TIL VARMEENERGI
(56) Fremdragne publikationer:
DE-A1-19 810 416
DE-A1-3 123 875

WO-A1-2010/145040
WO-A1-99/54665



DK/EP 3726145 T3



DK/EP 3726145 T3

DESCRIPTION

Description

Field of the invention

[0001] The invention relates to a district thermal energy distribution system for distributing
energy within a city of a part of a city.

Background of the invention

[0002] Nearly all large developed cities in the world have at least two types of energy grids
incorporated in their infrastructures; one grid for providing electrical energy and one grid for
providing space heating and hot tap water preparation. A common grid used for providing
space heating and hot tap water preparation is a gas grid providing a burnable gas, typically a
fossil fuel gas. The gas provided by the gas grid is locally burned for providing space heating
and hot tap water. An alternative for the gas grid for providing space heating and hot tap water
preparation is a district heating grid. Also, the electrical energy of the electrical energy grid may
be used for space heating and hot tap water preparation. Also, the electrical energy of the
electrical energy grid may be used for space cooling. The electrical energy of the electrical
energy grid is further used for driving refrigerators and freezers.

[0003] Accordingly, traditional building heating and cooling systems use primary high grade
energy sources such as electricity and fossil fuels or an energy source in the form of industrial
waste heat to provide space heating and/or cooling, and to heat or cool water used in the
building. Furthermore, it has been increasingly common to also install a district cooling grid in
cities for space cooling. The process of heating or cooling the building spaces and water
converts this high grade energy into low grade waste heat with high entropy which leaves the
building and is returned to the environment.

[0004] Hence, there is a need for an improved and cost-effective system to heat and/or cool
buildings and tap water reducing the waste heat returned to the environment.

[0005] WO 99/54665 A1 discloses a heat transferring device, for transferring heat between a
primary fluid and at least one secondary fluid obtained from an external source, whereby the
secondary fluid is tempered before being supplied to a consumer. The device comprises a
heat exchanger and a connection block having inner channels. The heat exchangers have
inlets and outlets for the inflow, outflow, respectively, of the primary fluid and the secondary
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fluid. The intelligent connection block has: a plurality of main connections for connecting the
external primary fluid source and the consumer, for the inflow and outflow to and from the
device, respectively, of the primary fluid and the secondary fluid; a plurality of sub-connections
for connecting to the inlets and outlets of the heat exchanger for the inflow and outflow of the
fluids to and from the heat exchanger respectively, whereby the inner channels join together
the main- and sub-connections; flow distribution for distributing an incoming flow and/or flow
accumulating means to bring together at least two outgoing flows; and integrated means for
controlling and monitoring the thermal process in the heat exchanger.

[0006] DE 3123875 A1 relates to a consumer centre for a secondary connection of heat
consumers to a regional heating centre. The consumer centre has a storage container which is
arranged in series with a control valve between a supply pipe and a return-run pipe in the
secondary connection. Radiator systems and/or pipe hot-water systems are connected to the
container. The control valve is controlled depending upon the energy extracted from the
centre.

Summary of the invention

[0007] It is an object of the present invention to solve at least some of the problems mentioned
above.

[0008] According to a first aspect a district thermal energy distribution system is disclosed in
connection with claim 1. Embodiments are provided by the dependent claims 2-11.

[0009] The first aspect is defined by a district thermal energy distribution system comprising a
thermal energy circuit comprising a hot and a cold conduit for allowing flow of heat transfer
liquid therethrough. The district thermal energy distribution system is characterized in that it
comprises: one or more local thermal energy consumer assemblies each comprising: a
thermal energy consumer heat exchanger, being arranged to transfer thermal energy from
heat transfer liquid of the thermal energy circuit to its surroundings. The thermal energy
consumer heat exchanger is selectively connected to the hot conduit via a thermal energy
consumer valve or a thermal energy consumer pump, or connected to the hot conduit via the
thermal energy consumer valve and the thermal energy consumer pump, wherein the thermal
energy consumer valve and the thermal energy consumer pump are arranged in series, said
thermal energy consumer pump arranged to be set in an inactive state allowing a flow of heat
transfer liquid therethrough, and connected to the cold conduit for allowing return of heat
transfer liquid from the thermal energy consumer heat exchanger to the cold conduit, and a
first pressure difference determining device adapted to determine a first local pressure
difference, Ap1, of the thermal energy circuit; and a first controller arranged to, based on the
first local pressure difference, selectively control the use of either the thermal energy consumer
valve or the thermal energy consumer pump.

[0010] The district thermal energy distribution system further comprises one or more local
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thermal energy generator assemblies each comprising: a thermal energy generator heat
exchanger, being arranged to transfer thermal energy from its surroundings to heat transfer
liquid of the thermal energy circuit. The thermal energy generator heat exchanger is selectively
connected to the cold conduit via a thermal energy generator valve or a thermal energy
generator pump, or connected to the cold conduit via the thermal energy generator valve and
the thermal energy generator pump, wherein the thermal energy generator valve and the
thermal energy generator pump are arranged in series, said thermal energy generator pump
arranged to be set in an inactive state allowing a flow of heat transfer liquid therethrough, and
connected to the hot conduit for allowing return of heat transfer liquid from the thermal energy
generator heat exchanger to the hot conduit, and a second pressure difference determining
device adapted to determine a second local pressure difference, Ap2, of the thermal energy
circuit; and a second controller arranged to, based on the second local pressure difference,
selectively control the use of either the thermal energy generator valve or the thermal energy
generator pump.

[0011] The wording "selectively connected” should be construed as the heat exchanger
concerned is at one point in time in fluid connection either via the pump or via the valve to the
respective conduit. Hence, it may be selected if the heat exchanger concerned shall be in fluid
connection with the respective conduit via the pump or via the valve.

[0012] The wording "valve" should be construed as a device configured to, in a controlled way,
allowing heat transfer liquid to flow through the valve when the valve is in an opened state.
Moreover, the valve may also be arranged such that the flow rate of heat transfer liquid
through the valve may be controlled. Hence, the valve may be a regulation valve arranged for
regulating the flow of heat transfer liquid therethrough.

[0013] The wording "pump" should be construed as a device configured to, in a controlled way,
allowing heat transfer liquid to be pumped through the pump when the pump is in an active
pumping state. Moreover, the pump may also be arranged such that the flow rate of heat
transfer liquid through the pump may be controlled.

[0014] The district thermal energy distribution system allow for the local pressure difference
between heat transfer liquid of the hot and cold conduits to vary along the thermal energy
circuit. Especially, the local pressure difference between heat transfer liquid of the hot and cold
conduits may vary from positive to negative pressure difference seen from one of the hot and
cold conduits. The district thermal energy distribution system further allow for the possibility to
let all the pumping within the system to take place in the local thermal energy
consumer/generator assemblies. Due to the limited flows and pressures needed small
frequency controlled circulation pumps may be used. Hence, an easy to build district thermal
energy distribution system is provided. Further a district thermal energy distribution system that
is easy to control is provided.

[0015] The basic idea of the district thermal energy distribution system is based on the insight
by the inventors that modern day cities by them self provide thermal energy that may be
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reused within the city. The reused thermal energy may be picked up by the district thermal
energy distribution system and be used for e.g. space heating or hot tap water preparation.
Moreover, increasing demand for space cooling will also be handled within the district thermal
energy distribution system. Within the district thermal energy distribution system buildings
within the city are interconnected and may in an easy and simple way redistribute low
temperature waste energy for different local demands. Amongst other the district thermal
energy distribution system will provide for:

» Minimizing the use of primary energy due to optimal re-use of energy flows inside the
city.

+ Limiting the need for chimneys or firing places inside the city, since the need for locally
burning gas or other fuels will be reduced.

« Limiting the need for cooling towers or cooling convectors inside the city, since excess
heat produced by cooling devices may be transported away and reused within the
district thermal energy distribution system.

[0016] Hence, the district thermal energy distribution system provides for a smart duel use of
thermal energy within a city. When integrated into a city the district thermal energy distribution
system provides make use of low level thermal energy waste in both heating and cooling
applications within the city. This will reduce the primary energy consumption of a city by
eliminating the need for a gas grid or a district heating grid and a cooling grid in city.

[0017] The hot and cold conduits may be dimensioned for pressures up to 0.6 MPa, 1 MPa, or
1.6 MPa.

[0018] The first and second local pressure differences may be set to be at most £ 0.2 MPa, %
0.3 MPa or £ 0.6 MPa depending on chosen dimensioning pressure. Hence, when the hot and
cold conduits are dimensioned for pressures up to 0.6 MPa the first and second local pressure
differences may be set to be at most + 0.2 MPa, when the hot and cold conduits are
dimensioned for pressures up to 1 MPa the first and second local pressure differences may be
set to be at most + 0.3 MPa, and when the hot and cold conduits are dimensioned for
pressures up to 1.6 MPa the first and second local pressure differences may be set to be at
most + 0.6 MPa.

[0019] The first controller may be arranged to selectively use the thermal energy consumer
valve when the first local pressure difference indicates that the first local pressure of the heat
transfer liquid of the hot conduit is larger than the first local pressure of the heat transfer liquid
of the cold conduit.

[0020] The first controller may be arranged to selectively use the thermal energy consumer
pump when the first local pressure difference indicates that the first local pressure of the heat
transfer liquid of the hot conduit is lower than or equal to the first local pressure of the heat
transfer liquid of the cold conduit.
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[0021] The second controller may be arranged to selectively use the thermal energy generator
valve when the second local pressure difference indicates that the second local pressure of the
heat transfer liquid of the cold conduit is larger than the second local pressure of the heat
transfer liquid of the hot conduit.

[0022] The second controller may be arranged to selectively use the thermal energy generator
pump when the second local pressure difference indicates that the second local pressure of
the heat transfer liquid of the cold conduit is lower than or equal to the second local pressure of
the heat transfer liquid of the hot conduit.

[0023] The system may further comprise a building comprising both a local thermal energy
consumer assembly and a local thermal energy generator assembly, wherein the first pressure
difference determining device of the local thermal energy consumer assembly of the building
and the second pressure difference determining device of the local thermal energy generator
assembly of the building are the same pressure difference determining device.

[0024] The system may further comprise a building comprising both a local thermal energy
consumer assembly and a local thermal energy generator assembly, wherein the first controller
of the local thermal energy consumer assembly of the building and the second controller of the
local thermal energy generator assembly of the building are the same controller.

[0025] The thermal energy consumer heat exchanger may be chosen from the group
consisting of a heat pump for comfort heating, a heat pump for tap hot water preparation and a
heat pump for snow or ice purging.

[0026] The thermal energy generator heat exchanger may be chosen from the group
consisting of a cooling machine for local comfort cooling, a heat exchanger in a forced exit air
ventilation system, a heat exchanger in a waste water system, a freezer and a cooling machine
for a computer center.

[0027] The temperature range of the first and second temperatures may be - 10 - 45°C,
preferably 4 - 32°C.

[0028] The temperature difference between the first and second temperatures may be in the
range of 5-16°C, preferably in the range of 7-12°C, more preferably 8-10°C.

[0029] The first local pressure difference of the thermal energy circuit may comprise a
pressure difference between a first local pressure of the heat transfer liquid of the hot conduit
and a first local pressure of the heat transfer liquid of the cold conduit.

[0030] The first pressure difference determining device may be arranged to determine the first
local pressure of the heat transfer liquid of the hot conduit in the vicinity to where the thermal
energy consumer heat exchanger is connected to the hot conduit and to determine the first
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local pressure of the heat transfer liquid of the cold conduit in the vicinity to where the thermal
energy consumer heat exchanger is connected to the cold conduit.

[0031] The wording "in the vicinity of" should be construed as being sufficiently close to the
connection between the thermal energy consumer/generator heat exchanger and the hot/cold
conduit such that the determined local pressure difference does not deviate from the actual
local pressure difference between the input and output of the thermal energy
consumer/generator heat exchanger with more than 5%. Typically, the first pressure difference
determining device is arranged to determine a local pressure of the heat transfer liquid of the
hot conduit and a local pressure of the heat transfer liquid of the cold conduit on a portion of
the hot and cold conduits being located in the same building as the thermal energy
consumer/generator heat exchanger. Or more precisely, the first pressure difference
determining device is arranged to determine a local pressure of the heat transfer liquid of the
hot conduit and a local pressure of the heat transfer liquid of the cold conduit on a portion of
the hot and cold conduits being located in the same room as the thermal energy
consumer/generator heat exchanger. Hence, in the vicinity of should alternatively or in
combination be construed as being in the same building or the same room.

[0032] The second local pressure difference of the thermal energy circuit may comprise a
pressure difference between a second local pressure of the heat transfer liquid of the hot
conduit and a second local pressure of the heat transfer liquid of the cold conduit.

[0033] The second pressure difference determining device may be arranged to determine the
second local pressure of the heat transfer liquid of the hot conduit in the vicinity to where the
thermal energy generator heat exchanger is connected to the hot conduit and to determine the
second local pressure of the heat transfer liquid of the cold conduit in the vicinity to where the
thermal energy generator heat exchanger is connected to the cold conduit.

[0034] A further scope of applicability of the present invention will become apparent from the
detailed description given below. However, it should be understood that the detailed description
and specific examples, while indicating preferred embodiments of the invention, are given by
way of illustration only, since various changes and modifications within the scope of the
invention will become apparent to those skilled in the art from this detailed description.

[0035] Hence, it is to be understood that this invention is not limited to the particular
component parts of the device described or steps of the methods described as such device
and method may vary. It is also to be understood that the terminology used herein is for
purpose of describing particular embodiments only, and is not intended to be limiting. It must
be noted that, as used in the specification and the appended claim, the articles "a," "an," "the,"
and "said" are intended to mean that there are one or more of the elements unless the context
clearly dictates otherwise. Thus, for example, reference to "a unit" or "the unit" may include

several devices, and the like. Furthermore, the words "comprising”, "including”, "containing"
and similar wordings does not exclude other elements or steps.
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Brief description of the drawings

[0036] These and other aspects of the present invention will now be described in more detail,
with reference to the appended drawings showing embodiments of the invention. The figures
are provided to illustrate the general structures of embodiments of the present invention. Like
reference numerals refer to like elements throughout.

Fig. 1 is a schematic diagram of a district thermal energy distribution system.

Fig. 2 is a schematic diagram of a local thermal energy consumer assembly and a local
thermal energy generator assembly connected to a thermal energy circuit.

Detailed description

[0037] The present invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which currently preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided for thoroughness and completeness, and to fully convey the scope of the invention to
the skilled person.

[0038] In Fig. 1 a district thermal energy distribution system 1 is illustrated. The district thermal
energy distribution system 1 comprises a thermal energy circuit 10 and a plurality of buildings
5. The plurality of buildings 5 are thermally coupled to the thermal energy circuit 10. The
thermal energy circuit 10 is arranged to circulate and store thermal energy in heat transfer
liquid flowing through the thermal energy circuit 10.

[0039] According to one embodiment the heat transfer liquid comprises water. However,
according to other embodiments other heat transfer liquid may be used. Some non-limiting
examples are ammonia, Anti-freezing liquids (such as glycol), oils and alcohols. The heat
transfer liquid may also comprise a mixture of two or more of the heat transfer liquids
mentioned above.

[0040] The thermal energy circuit 10 comprises two conduits 12, 14 for allowing flow of heat
transfer liquid therethrough. The temperature of the heat transfer liquid of the two conduits 12,
14 is set to be different. A hot conduit 12 in the thermal energy circuit 10 is configured to allow
heat transfer liquid of a first temperature to flow therethrough. A cold conduit 14 in the thermal
energy circuit 10 is configured to allow heat transfer liquid of a second temperature to flow
therethrough. The second temperature is lower than the first temperature.
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[0041] In case heat transfer liquid is water a suitable temperature range for the hot heat
transfer liquid is between 5 and 45°C and a suitable temperature range for the cold heat
transfer liquid is between 0 and 40° C. A suitable temperature difference between the first and
second temperatures is in the range of 5-16°C, preferably in the range of 7-12°C, more
preferably 8-10°C.

[0042] Preferably the system is set to operate with a sliding temperature difference which
varies depending on the climate. The sliding temperature difference is preferably fixed. Hence,
the temperature difference is always set to momentarily slide with a fixed temperature
difference.

[0043] The hot conduit 12 and the cool conduit 14 are separate. The hot conduit 12 and the
cool conduit 14 may be parallelly arranged. The hot conduit 12 and the cool conduit 14 may be
arranged as closed loops of piping. The hot conduit 12 and the cool conduit 14 are fluidly
interconnected at the buildings 5 for allowing of thermal energy transfer to and from the
buildings 5. This will be discussed more in detail further below.

[0044] The two conduits 12, 14 of the thermal energy circuit 10 may be formed by plastic,
composite, concrete, or metal pipes. According to one embodiment High Density Polyethylene
(HDPE) pipes may be used. The pipes may be single wall pipes. The pipes may be un-
insulated. According to one embodiment the thermal energy circuit 10 is mainly arranged in the
ground. The ground will be used as thermal inertia of the thermal energy circuit 10. Hence,
insulation of the piping gives no extra value. Exceptions are installation in cities with a very
warm climate or cities with very cold climate. Here the inertia of the ground may be more
harmful than good during critical parts of the year. Here insulation of the piping may be
needed.

[0045] According to one embodiment the two conduits 12, 14 of the thermal energy circuit 10
are dimensioned for pressures up to 1 MPa (10 bar). According to other embodiments the two
conduits 12, 14 of the thermal energy circuit 10 may be dimensioned for pressures up to 0.6
MPa (6 bar) or for pressures up to 1.6 MPa (16 bar).

[0046] Each building 5 comprises at least one of one or more local thermal energy consumer
assemblies 20 and one or more local thermal energy generator assemblies 30. Hence, each
building comprises at least one local thermal energy consumer assembly 20 or at least one
local thermal energy generator assembly 30. One specific building 5 may comprise more than
one local thermal energy consumer assembly 20. One specific building 5 may comprise more
than one local thermal energy generator assembly 30. One specific building 5 may comprise
both a local thermal energy consumer assembly 20 and a local thermal energy generator
assembly 30.

[0047] The local thermal energy consumer assembly 20 is acting as a thermal sink. Hence, the
local thermal energy consumer assembly 20 is arranged to remove thermal energy from the
thermal energy circuit 10. Or in other words, the local thermal energy consumer assembly 20 is
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arranged to transfer thermal energy from heat transfer liquid of the thermal energy circuit 10 to
surroundings of the local thermal energy consumer assembly 20. This is achieved by transfer
thermal energy from heat transfer liquid taken from the hot conduit 12 to surroundings of the
local thermal energy consumer assembly 20, such that heat transfer liquid returned to the cold
conduit 14 has a temperature lower than the first temperature and preferably a temperature
equal to the second temperature.

[0048] The local thermal energy generator assembly 30 is acting as a thermal source. Hence,
the local thermal energy generator assembly 30 is arranged to deposit thermal energy to the
thermal energy circuit 10. Or in other words, the local thermal energy generator assembly 30 is
arranged to transfer thermal energy from its surroundings to heat transfer liquid of the thermal
energy circuit 10. This is achieved by transfer thermal energy from surroundings of the local
thermal energy generator assembly 30 to heat transfer liquid taken from the cold conduit 12,
such that heat transfer liquid returned to the hot conduit 12 has a temperature higher than the
second temperature and preferably a temperature equal to the first temperature.

[0049] The one or more local thermal energy consumer assemblies 20 may be installed in the
buildings 5 as local heaters for different heating needs. A local heater may be arranged to
deliver space heating or hot tap hot water preparation. The local heater may alternatively or in
combination deliver pool heating or ice- and snow purging. Hence, the local thermal energy
consumer assembly 20 is arranged for deriving heat from heat transfer liquid of the hot conduit
12 and creates a cooled heat transfer liquid flow into the cold conduit 14. Hence, the local
thermal energy consumer assembly 20 fluidly interconnects the hot and cool conduits 12, 14
such that hot heat transfer liquid can flow from the hot conduit 12 through the local thermal
energy consumer assembly 20 and then into the cool conduit 14 after thermal energy in the
heat transfer liquid has been consumed by the local thermal energy consumer assembly 20.
The local thermal energy consumer assembly 20 operates to draw thermal energy from the hot
conduit 12 to heat the building 5 and then deposits the cooled heat transfer liquid into the cool
conduit 14.

[0050] The one or more local thermal energy generator assemblies 30 may be installed in
different buildings 5 as local coolers for different cooling needs. A local cooler may be arranged
to deliver space cooling or cooling for freezers and refrigerators. The local cooler may
alternatively or in combination deliver cooling for ice rinks and ski centers or ice- and snow
making. Hence, the local thermal energy generator assembly 30 is deriving cooling from heat
transfer liquid of the cold conduit 14 and creates a heated heat transfer liquid flow into the hot
conduit 12. Hence, the local thermal energy generator assembly 30 fluidly interconnects the
cold and hot conduits 14, 12 such that cold heat transfer liquid can flow from the cold conduit
14 through the local thermal energy generator assembly 30 and then into the hot conduit 12
after thermal energy has been generated into the heat transfer liquid by the local thermal
energy generator assembly 30. The local thermal energy generator assembly 30 operates to
extract heat from the building 5 to cool the building 5 and deposits that extracted heat into the
hot conduit 12.
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[0051] With reference to Fig. 2 the function of the local thermal energy consumer assembly 20
and the local thermal energy generator assembly 30 will now be discussed. In Fig. 2 one local
thermal energy consumer assembly 20 and one local thermal energy generator assembly 30
are connected to the thermal energy circuit 10.

[0052] The local thermal energy consumer assembly 20 comprises a thermal energy
consumer heat exchanger 22, a thermal energy consumer valve 23, a thermal energy
consumer pump 24, a first pressure difference determining device 26, and a first controller 28.

[0053] The thermal energy consumer heat exchanger 22 is selectively connected to the hot
conduit 12 via the thermal energy consumer valve 23 and the thermal energy consumer pump
24. Upon selecting the connection of the thermal energy consumer heat exchanger 22 to the
hot conduit 12 to be via the thermal energy consumer valve 23, heat transfer liquid from the
hot conduit 12 is allowed to flow into the thermal energy consumer heat exchanger 22. Upon
selecting the connection of the thermal energy consumer heat exchanger 22 to the hot conduit
12 to be via the thermal energy consumer pump 24, heat transfer liquid from the hot conduit
12 is pumped into the thermal energy consumer heat exchanger 22. As will be discussed more
in detail below, the choice of allowing heat transfer liquid from the hot conduit 12 to flow into
the thermal energy consumer heat exchanger 22 or pumping heat transfer liquid from the hot
conduit 12 into the thermal energy consumer heat exchanger 22, is made based on a local
pressure difference between the hot and cold conduits 12, 14.

[0054] The thermal energy consumer valve 23 and the thermal energy consumer pump 24
may be arranged as separate devices. The thermal energy consumer valve 23 and the thermal
energy consumer pump 24 may be arranged as a single device. The thermal energy consumer
valve 23 and the thermal energy consumer pump 24 may be arranged in parallel, as illustrated
in Fig. 2. The thermal energy consumer valve 23 and the thermal energy consumer pump 24
may be arranged in series. In this last embodiment wherein the thermal energy consumer
valve 23 and the thermal energy consumer pump 24 is arranged in series the pump is
arranged to be set in an inactive state allowing a flow of heat transfer liquid there through.

[0055] The thermal energy consumer heat exchanger 22 is further connected to the cold
conduit 14 for allowing return of heat transfer liquid from the thermal energy consumer heat
exchanger 22 to the cold conduit 14.

[0056] The first pressure difference determining device 26 is adapted to determine a first local
pressure difference, Ap4, of the thermal energy circuit 10. The first local pressure difference is

preferably measured in the vicinity to where the thermal energy consumer heat exchanger 22
is connected to the thermal energy circuit 10. The first pressure difference determining device
26 may comprises a first hot conduit pressure determining device 26a and a first cold conduit
pressure determining device 26b. The first hot conduit pressure determining device is
arranged to be connected to the hot conduit 12 for measuring a first local pressure of the heat
transfer liquid of the hot conduit. The first cold conduit pressure determining device is arranged
to be connected to the cold conduit 14 for measuring a first local pressure of the heat transfer
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liquid of the cold conduit. The first local pressure difference device 26 is arranged to determine
the first local pressure difference as a pressure difference between the first local pressure of
the heat transfer liquid of the hot conduit and the first local pressure of the heat transfer liquid
of the cold conduit. Hence, the first local pressure difference may be defined as a local
pressure difference between a first local pressure of the heat transfer liquid of the hot conduit
and a first local pressure of the heat transfer liquid of the cold conduit. Preferably, the first local
pressure of the heat transfer liquid of the hot conduit is measured in the vicinity to where the
thermal energy consumer heat exchanger 22 is connected to the hot conduit 12. Preferably,
the first local pressure of the heat transfer liquid of the cold conduit is measured in the vicinity
to where the thermal energy consumer heat exchanger 22 is connected to the cold conduit 14.

[0057] The first pressure difference determining device 26 may be implemented as a hardware
device, a software device, or as a combination thereof. The first pressure difference
determining device 26 is arranged to communicate the first local pressure difference, Apq, to

the first controller 28.

[0058] The first controller 28 may be implemented as a hardware controller, a software
controller, or as a combination thereof. The first controller 28 is arranged to selectively control
the use of either the thermal energy consumer valve 23 or the thermal energy consumer pump
24. The first controller 28 is arranged to perform the selective control based on the first local
pressure difference provided by the first pressure difference determining device 26. The first
controller 28 is arranged to communicate with the thermal energy consumer valve 23 and the
thermal energy consumer pump 24 for controlling the thermal energy consumer valve 23 and
the thermal energy consumer pump 24. The first controller 28 is arranged to selectively control
the use of the thermal energy consumer valve 23 when the first local pressure difference
indicates that the first local pressure of the heat transfer liquid of the hot conduit is larger than
the first local pressure of the heat transfer liquid of the cold conduit. The first controller 28 is
arranged to selectively control the use of the thermal energy consumer pump 24 when the first
local pressure difference indicates that the first local pressure of the heat transfer liquid of the
hot conduit is lower than or equal to the first local pressure of the heat transfer liquid of the
cold conduit.

[0059] The thermal energy consumer heat exchanger 22 is arranged to transfer thermal
energy from heat transfer liquid to surroundings of the thermal energy consumer heat
exchanger 22. The heat transfer liquid returned to the cold conduit 14 has a temperature lower
than the first temperature. Preferably, thermal energy consumer heat exchanger 22 is
controlled such that the temperature of the heat transfer liquid returned to the cold conduit 14
is equal to the second temperature.

[0060] The local thermal energy generator assembly 30 comprises a thermal energy generator
heat exchanger 32, a thermal energy generator valve 33, a thermal energy generator pump

34, a second pressure difference determining device 36, and a second controller 28.

[0061] The thermal energy generator heat exchanger 32 is selectively connected to the cold
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conduit 14 via the thermal energy generator valve 33 and the thermal energy generator pump
34. Upon selecting the connection of the thermal energy generator heat exchanger 32 to the
cold conduit 14 to be via the thermal energy generator valve 33, heat transfer liquid from the
cold conduit 14 is allowed to flow into the thermal energy generator heat exchanger 32. Upon
selecting the connection of the thermal energy generator heat exchanger 32 to the cold
conduit 14 to be via the thermal energy generator pump 34, heat transfer liquid from the cold
conduit 14 is pumped into the thermal energy generator heat exchanger 32. As will be
discussed more in detail below, the choice of allowing heat transfer liquid from the cold conduit
14 to flow into the thermal energy generator heat exchanger 32 or pumping heat transfer liquid
from the cold conduit 14 into the thermal energy generator heat exchanger 32, is made based
on a local pressure difference between the hot and cold conduits 12, 14.

[0062] The thermal energy generator valve 33 and the thermal energy generator pump 34
may be arranged as separate devices. The thermal energy generator valve 33 and the thermal
energy generator pump 34 may be arranged as a single device. The thermal energy generator
valve 33 and the thermal energy generator pump 34 may be arranged in parallel, as illustrated
in Fig. 2. The thermal energy generator valve 33 and the thermal energy generator pump 34
may be arranged in series. In this last embodiment wherein the thermal energy generator
valve 33 and the thermal energy generator pump 34 is arranged in series the pump is
arranged to be set in an inactive state allowing a flow of heat transfer liquid there through.

[0063] The thermal energy generator heat exchanger 32 is further connected to the hot
conduit 12 for allowing return of heat transfer liquid from the thermal energy generator heat
exchanger 32 to the hot conduit 12.

[0064] The second pressure difference determining device 36 is adapted to determine a
second local pressure difference, Apo, of the thermal energy circuit 10. The second local

pressure difference is preferably measured in the vicinity to where the thermal energy
generator heat exchanger 32 is connected to the thermal energy circuit 10. The second
pressure difference determining device 36 may comprises a second hot conduit pressure
determining device 36a and a second cold conduit pressure determining device 36b. The
second hot conduit pressure determining device is arranged to be connected to the hot conduit
12 for measuring a second local pressure of the heat transfer liquid of the hot conduit. The
second cold conduit pressure determining device is arranged to be connected to the cold
conduit 14 for measuring a second local pressure of the heat transfer liquid of the cold conduit.
The second local pressure difference device 36 is arranged to determine the second local
pressure difference as a pressure difference between the second local pressure of the heat
transfer liquid of the hot conduit and the second local pressure of the heat transfer liquid of the
cold conduit. Hence, the second local pressure difference may be defined as a local pressure
difference between a second local pressure of the heat transfer liquid of the hot conduit and a
second local pressure of the heat transfer liquid of the cold conduit. Preferably, the second
local pressure of the heat transfer liquid of the hot conduit is measured in the vicinity to where
the thermal energy generator heat exchanger 32 is connected to the hot conduit 12.
Preferably, the second local pressure of the heat transfer liquid of the cold conduit is measured
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in the vicinity to where the thermal energy generator heat exchanger 32 is connected to the
cold conduit 14.

[0065] The second pressure difference determining device 36 may be implemented as a
hardware device, a software device, or as a combination thereof. The second pressure
difference determining device 36 is arranged to communicate the second local pressure
difference, Apy, to the second controller 38.

[0066] The second controller 38 may be implemented as a hardware controller, a software
controller, or as a combination thereof. The second controller 38 is arranged to selectively
control the use of either the thermal energy generator valve 33 or the thermal energy
generator pump 34. The second controller 38 is arranged to perform the selective control
based on the second local pressure difference provided by the second pressure difference
determining device 36. The second controller 38 is arranged to communicate with the thermal
energy generator valve 33 and the thermal energy generator pump 34 for controlling the
thermal energy generator valve 33 and the thermal energy generator pump 34. The second
controller 38 is arranged to selectively control the use of the thermal energy generator valve 33
when the second local pressure difference indicates that the second local pressure of the heat
transfer liquid of the cold conduit is larger than the second local pressure of the heat transfer
liquid of the hot conduit. The second controller 38 is arranged to selectively control the use of
the thermal energy generator pump 34 when the second local pressure difference indicates
that the second local pressure of the heat transfer liquid of the cold conduit is lower than or
equal to the second local pressure of the heat transfer liquid of the hot conduit.

[0067] The thermal energy generator heat exchanger 32 is arranged to transfer thermal
energy from its surroundings to heat transfer liquid. The heat transfer liquid returned to hot
conduit 12 has a temperature higher than the second temperature. Preferably, thermal energy
generator heat exchanger 32 controlled such that the temperature of the heat transfer liquid
returned to the hot conduit 12 is equal to the first temperature.

[0068] Accordingly, the district thermal energy distribution system 1 comprises a thermal
energy circuit 10 comprising a hot and a cold conduit 12, 14 for allowing flow of heat transfer
liquid therethrough. The district thermal energy distribution system 1 further comprises a
thermal energy consumer heat exchanger 22 and a thermal energy generator heat exchanger
32. The thermal energy consumer heat exchanger 22 is selectively connected to the hot
conduit 12 via the thermal energy consumer valve 23 or the thermal energy consumer pump
24. The thermal energy generator heat exchanger 32 is selectively connected to the cold
conduit 14 via the thermal energy generator valve 23 or the thermal energy generator pump
24.

[0069] In the in Fig. 2 shown embodiment the first and second pressure difference determining
devices 26; 36 are two physically different pressure difference determining devices. However,
according to another embodiment one specific local thermal energy consumer assembly 20
and one specific local thermal energy generator assembly 30 may share the same pressure
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difference determining device. Hence, the first and second pressure difference determining
devices 26; 36 may physically be the same pressure difference determining device. According
to a further embodiment two specific local thermal energy consumer assemblies 20 may share
the same pressure difference determining device. According to a yet another embodiment two
specific local thermal energy generator assemblies 30 may share the same pressure
difference determining device.

[0070] In the in Fig. 2 shown embodiment the first and second controllers 28; 38 are two
physically different controller. However, according to another embodiment one specific local
thermal energy consumer assembly 20 and one specific local thermal energy generator
assembly 30 may share the same controller. Hence, the first and second controller 26; 36 may
physically be the same controller. According to a further embodiment two specific local thermal
energy consumer assemblies 20 may share the same controller. According to a yet another
embodiment two specific local thermal energy generator assemblies 30 may share the same
controller.

[0071] Preferably, the demand to inhale or exhale heat using the thermal energy consumer
heat exchangers 22 and the thermal energy generator heat exchangers 32 is made at a
defined temperature difference. A temperature difference of 8 - 10°C corresponds to optimal
flows through the thermal energy consumer heat exchangers 22 and the thermal energy
generator heat exchangers 32.

[0072] The local pressure difference between the hot and cold conduits 12, 14 may vary along
the thermal energy circuit 10. Especially, the local pressure difference between the hot and
cold conduits 12, 14 may vary from positive to negative pressure difference seen from one of
the hot and cold conduits 12, 14. Hence, sometimes a specific local thermal energy
consumer/generator assembly 20, 30 may need to pump heat transfer liquid through the
corresponding thermal energy consumer/generator heat exchanger 22, 32 and sometimes the
specific local thermal energy consumer/generator assembly 20, 20 may need to let heat
transfer liquid flow through the corresponding thermal energy consumer/generator heat
exchanger 22, 32. Accordingly, it will be possible to let all the pumping within the system 1 to
take place in the local thermal energy consumer/generator assemblies 20, 30. Due to the
limited flows and pressures needed small frequency controlled circulation pumps may be used.

[0073] The thermal energy consumer pump 24 and/or the thermal energy generator pump 24
may for example be a frequency controlled circulation pump.

[0074] The thermal energy consumer valve 23 and/or the thermal energy generator valve 33
may be a regulation valve.

[0075] The person skilled in the art realizes that the present invention by no means is limited to
the preferred embodiments described above. On the contrary, many modifications and
variations are possible within the scope of the appended claims.
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[0076] For example, the district thermal energy distribution system 1 may comprise a thermal
server plant 2. The thermal server plant 2 functions as an external thermal source and/or
thermal sink. The function of the thermal server plant 2 is to maintain the temperature
difference between the hot and cold conduits 12, 14 of the thermal energy circuit 10. That is,
the thermal server plant 2 may be used for balancing the district thermal energy distribution
system 1 such that when the thermal energy circuit 10 reaches a temperature end point the
thermal server plant 2 is arranged to inhale or exhale thermal energy to/from the thermal
energy circuit 10. In winter time, when there is higher probability that the hot conduit 12
reaches its' lowest temperature end point, the thermal server plant 2 is used for adding thermal
energy to the thermal energy circuit 10. In summer time, when there is higher probability that
the cold conduit reaches its' highest temperature end point, the thermal server plant 2 is used
to subtract thermal energy from the thermal energy circuit 10.

[0077] Additionally, variations to the disclosed embodiments can be understood and effected
by the skilled person in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.
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DISTRIKTSFORDELINGSSYSTEM TIL VARMEENERGI

PATENTKRAV

1. Distrikisfordelingssystem  til  varmeenergi, @ som  omfatter et
varmeenergikredslgb (10), som omfatter en varme- og kuldekanal (12, 14) for at
muliggere  gennemstromning af  varmeoverfgrselsvaeske  herigennem,  og
distriktsfordelingssystemet til varmeenergi omfatter:

en eller flere lokale samlinger af forbrugsenheder til varmeenergi (20), som hver
omfatter:
en varmeveksler til forbrugsenheden til varmeenergi (22), som anbringes til
at overfgre varmeenergi fra varmeoverfgrselsvaeske pa varmeenergikredslgbet
(10) til dettes omgivelser, hvor varmeveksleren til forbrugsenheden til varmeenergi
(22) er
- selektivt tilsluttet til varmekanalen (12) via en ventil til forbrugsenheden til
varmeenergi (23) eller en pumpe til forbrugsenheden til varmeenergi (24), eller:
-tilsluttet til varmekanalen (12) via ventilen til forbrugsenheden il
varmeenergi (23) og pumpen til forbrugsenheden til varmeenergi (24), hvor
ventilen til forbrugsenheden til varmeenergi (23) og pumpen til forbrugsenheden til
varmeenergi (24) er anbragt pa raekke, og ovennaevnte pumpe til forbrugsenheden
til varmeenergi (24) er anbragt til at blive indstillet i en inaktiv tilstand og give
mulighed for en gennemstrgmning af varmeoverfgrselsvaeske herigennem,
og filsluttet til kuldekanalen (14) for at give mulighed for et returlob af
varmeoverfgrselsveeske fra varmeveksleren til forbrugsenheden til varmeenergi
(22) til kuldekanalen (14), og
en enhed til fastsaettelse af en forste trykdifference (26) tilpasset til at
fastseette en forste lokal trykdifference, Ap1, pa varmeenergikredslgbet; og
en forste styreenhed (28) anbragt til, baseret pa den fgrste lokale
trykdifference, selektivt at styre brugen af enten ventilen til forbrugsenheden til
varmeenergi (23) eller pumpen til forbrugsenheden til varmeenergi (24); og
en eller flere lokale samlinger af generatorer til varmeenergi (30), som hver
omfatter:
en varmeveksler til generatoren til varmeenergi (32), som anbringes til at overfgre
varmeenergi fra dennes omgivelser til varmeoverfgrselsvaeske pa

varmeenergikredslgbet (10), hvor varmeveksleren til generatoren til varmeenergi (32) er
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- selektivt tilsluttet til kuldekanalen (14) via en ventil til generatoren til varmeenergi
(33) eller en pumpe til generatoren til varmeenergi (34), eller
- tilsluttet til kuldekanalen (14) via ventilen til generatoren til varmeenergi (33) og
pumpen til generatoren til varmeenergi (34), hvor ventilen til generatoren til varmeenergi
(33) og pumpen til generatoren til varmeenergi (34) er anbragt pa reekke, og ovennaevnte
pumpe til generatoren til varmeenergi (34) er anbragt til at blive indstillet i en inaktiv
tilstand og give mulighed for en gennemstramning af varmeoverforselsvaeske
herigennem, og tilsluttet til varmekanalen (12) for at give mulighed for et returlob af
varmeoverfgrselsvaeske fra varmeveksleren til generatoren til varmeenergi (32) til
varmekanalen (12), og
en enhed til fastseettelse af en anden trykdifference (36) tilpasset til at
fastseette en anden lokal trykdifference, Ap2, pa varmeenergikredslabet; og
en anden styreenhed (38) anbragt til, baseret pa den anden lokale
trykdifference, selektivt at styre brugen af enten ventilen til generatoren il
varmeenergi (33) eller pumpen til generatoren til varmeenergi (34).

2. Distriktsfordelingssystem til varmeenergi ifelge krav 1, hvor pumpen il
forbrugsenheden til varmeenergi (24) og pumpen til generatoren til varmeenergi (34) er

cirkulationspumper.

3. Distriktsfordelingssystem til varmeenergi ifalge krav 2, hvor cirkulationspumperne er

frekvensstyrede

4. Distriktsfordelingssystem til varmeenergi ifolge ethvert af kravene 1-3, hvor ventilen
til forbrugsenheden til varmeenergi (23) og ventilen til generatoren til varmeenergi (33) er

reguleringsventiler.

5. Distriktsfordelingssystem til varmeenergi ifglge ethvert af kravene 1-4, hvor
varmekanalen (12) og/eller kuldekanalen (14) er formet af uisolerede plasticrar med

enkeltvaeg.

6. Distriktsfordelingssystem til varmeenergi ifolge ethvert af kravene 1-5, hvor varme-
og kuldekanalen (12, 14) er dimensioneret til tryk pa op til 0,6 MPa, 1 MPa eller 1,6 MPa.
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7. Distriktsfordelingssystem til varmeenergi ifglge ethvert af kravene 1-6, hvor
varmeenergikredslgbet (10) er anbragt til at cirkulere og lagre varmeenergi i
varmeoverfgrselsvaeske, som strgammer herigennem, hvor en varmekanal (12) i
varmeenergikredslobet  (10)  konfigureres til  at give mulighed for at
varmeoverfgrselsveeske med en fgrste temperatur strammer herigennem, og hvor en
kuldekanal (14) i varmeenergikredslobet (10) konfigureres til at give mulighed for at
varmeoverfgrselsveeske med en anden temperatur strammer herigennem, og den anden

temperatur er lavere end den forste temperatur.

8. Distriktsfordelingssystem til varmeenergi ifglge ethvert af kravene 1-7,

hvor hver varmeveksler til forbrugsenheden til varmeenergi (22) flydende
sammenkobler varme- og kuldekanalen (12, 14) saledes at der gives mulighed for at
varmeoverfgrselsvaeske strammer fra varmekanalen (12) gennem varmeveksleren il
forbrugsenheden til varmeenergi (22) og tilbage ind i kuldekanalen (14) efter at
varmeenergi i varmeoverfgrselsveesken er blevet forbrugt af varmeveksleren il
forbrugsenheden til varmeenergi (22), og

hvor hver varmeveksler til generatoren til varmeenergi (32) flydende
sammenkobler kulde- og varmekanalen (14, 12) saledes at der gives mulighed for at
varmeoverfgrselsvaeske strommer fra kuldekanalen (14) gennem varmeveksleren il
generatoren til varmeenergi (32) og tilbage ind i varmekanalen (12) efter at varmeenergi
er blevet genereret ind i varmeoverforselsveesken af varmeveksleren til generatoren til

varmeenergi (32).

9. Distriktsfordelingssystem til varmeenergi ifglge ethvert af kravene 1-8,

hvor hver pumpe til forbrugsenheden til varmeenergi (24) konfigureres til at pumpe
varmeoverfgrselsvaesken fra varmekanalen (12) ind i varmeveksleren il
forbrugsenheden til varmeenergi (22) og tilbage til kuldekanalen (14);

hvor hver pumpe til generatoren til varmeenergi (34) konfigureres til at pumpe
varmeoverfgrselsvaesken fra kuldekanalen (14) ind i varmeveksleren til generatoren il

varmeenergi (32) og tilbage til varmekanalen (12).

10. Distriktsfordelingssystem til varmeenergi ifelge ethvert af kravene 1-9,
hvor den forste styreenhed (28) er anbragt til selektivt at bruge ventilen til

forbrugsenheden til varmeenergi (23), nar den forste lokale trykdifference indikerer, at
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det forste lokale tryk pa varmeoverfarselsvaesken i varmekanalen (12) er hgjere end det
forste lokale tryk i varmeoverfgrselsvaesken i kuldekanalen (14),

hvor den forste styreenhed (28) er anbragt til selektivt at bruge pumpen til
forbrugsenheden til varmeenergi (24), nar den farste lokale trykdifference indikerer, at
det farste lokale tryk pa varmeoverfgrselsvaesken i varmekanalen (12) er lavere end eller
lig med det forste lokale tryk i varmeoverfgrselsvaesken i kuldekanalen (14),

hvor den anden styreenhed (38) er anbragt til selektivt at bruge ventilen til
generatoren til varmeenergi (33), nar den anden lokale trykdifference indikerer, at det
andet lokale tryk pa varmeoverfarselsveesken i kuldekanalen (14) er hgjere end det andet
lokale tryk i varmeoverfarselsveesken i varmekanalen (12), og

hvor den anden styreenhed (38) er anbragt til selektivt at bruge pumpen til
generatoren til varmeenergi (34), nar den anden lokale trykdifference indikerer, at det
andet lokale tryk pa varmeoverfarselsvaesken i kuldekanalen (14) er lavere end eller lig

med det andet lokale tryk i varmeoverfgrselsvaesken i varmekanalen (12).

11. Distriktsfordelingssystem til varmeenergi ifolge ethvert af kravene 1-10,

hvor varmeveksleren til forbrugsenheden til varmeenergi (22) vaelges fra gruppen
bestaende af en varmepumpe til komfort-opvarmning, en varmepumpe til forberedelse af
varmt postevand og en varmepumpe til udskylning af sne eller is, og/eller

hvor varmeveksleren til generatoren til varmeenergi (32) veelges fra gruppen
bestdende af en kelemaskine til lokal komfort-kgling, en varmeveksler i et
ventilationssystem med forceret udgangsluft, en varmeveksler i et spildevandssystem, en
fryser og en kalemaskine til et computercenter.
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