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(57) Abstract: The present invention relates to a thermal energy storage sys-

tem comprising an energy storage (2) having a vertical temperature gradient
and an internal combined heating and cooling machine (15). The internal
combined heating and cooling machine (15) is adapted for retrieving energy
having a first temperature from the energy storage, while simultaneously re-
turning heated energy having a second higher temperature and cooled energy
having a third lower temperature. The invention also relates to a method for
using the thermal energy storage system.
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Thermal energy storage system comprising a combined heating and cooling
machine and a method for using the thermal energy storage system

Field of the invention

The present invention relates to a thermal energy storage system
comprising an energy storage having a vertical temperature gradient and an
internal combined heating and cooling machine.

Background of the invention

Electrical energy today is primarily supplied through turbine based
electrical generation. The electricity supply to the electrical grid must
constantly be balanced against the accumulated electrical consumption and
any losses in the grid. When there is unbalance, the frequency of the grid is
affected such that an overproduction leads to an increase in frequency and an
underproduction leads to a decrease in frequency in relation to the
standardized frequency 50 Hz. Some balancing is done by allowing minor
variations of the power frequency. If the deviation is too large, the grid is put
out of order.

The production of electricity comprises two main parts, base power and
load following power. The base power operates at a constant load and is
produced by e.g. nuclear plants, coal or gas fired power plants, or combined
heat and power plants (CHP). For stabilization of the frequency at 50Hz
momentary regulation (i.e. regulation of variations within seconds) of the
rotating mass in the synchronic generators/turbines is of great importance.

For stabilization during longer periods, such as hours up to days, the
electrical production and consumption is balanced by regulating the electrical
consumption, by switching electrical consumers on or off from the grid, and/or
by regulating the power production, i.e. by use of load following power plants
such as hydro power plants in Sweden or gas fired power plants at the
European continent.

By connecting different AC grids to each other, large multinational grids
are created where the total rotating mass cooperates. However, electrical

energy generated by solar or wind power has no rotating mass. Therefore, a
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certain amount of the electricity production still needs to be turbine based or
include rotating equipment with no electrical generation. An estimate of the
future energy mix in the Swedish grid, corresponding to an annual electrical
generation of 55 TWh, is that 25% of the production needs to be turbine
based while the remaining 75% can be based on wind power (45 TWh) and
solar power (10 TWh).

The ongoing transition to renewable, intermittent electrical energy from
wind and sun hence leads to completely different conditions for the energy
supply since the electricity production depends on the weather, i.e. the
variations are seasonal, daily, hourly, down to within seconds, and since the
electrical energy generated by solar or wind power today normally has no
rotating mass. In the future this stabilization is expected to be achieved by
means of additional regulation of wind power turbines.

Also, any future overproduction of electricity can with use of today’s
technology be used or disposed of e.g. as waste, for export, or in district
heating systems. Waste simply means that surplus energy is kept unused, i.e.
that an amount of the solar or wind power plants are shut down in order to
reduce the level of electricity production. Export means that surplus electricity
is exported to another country. This is however not always possible since
there has to be a market to which one can export the electricity. If the power
supply in nearby countries, in the future, also develops into a similar wind and
power supply, the possibilities for export will be limited. District heating
systems means that an amount of the surplus electricity is transmitted into the
district heating system by the use of a number of electric boilers. Since
surplus exists only a short period of the year, the investment in electric boilers
must be very efficient. Further, it is not possible to use all the generated
electricity in the district heating system since the surplus production normally
occurs during spring and summer at periods when the consumption is low, i.e.
the production and the consumption is not balanced. These situations may
also be a result of the difficulties in predicting both the weather and the
electricity consumption.

Hence, there is a need for an improved energy storage system which

utilizes the overproduction of electrical energy and which is used for evening
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out and regulating any variations in the electricity production, independently of
it being seasonal, daily, hourly, or down to within seconds.

Summary of the invention

An object according to an aspect of present invention is to provide a
system, in which surplus electrical energy can be stored as heat for later use,
e.g. for balancing the surplus electrical production towards the electrical
consumption during seasons, days, hours, or even seconds.

According to a first aspect of the present invention, these objects are
achieved by a thermal energy storage system comprising an energy storage
having a vertical temperature gradient and an internal combined heating and
cooling machine, the internal combined heating and cooling machine being
adapted for retrieving energy having a first temperature from the energy
storage, while simultaneously returning heated energy having a second
higher temperature and cooled energy having a third lower temperature.

One advantage of the thermal energy storage system is the possibility
of optimizing the storage of energy by choosing at which temperature levels
the energy is to be retrieved and released, all depending on the specific
conditions in the grid and in the energy storage at a given period in time.
Other advantages are the utilization of surplus electrical energy in the grid
and the possibility of easily balancing the production of electricity against the
consumption of electrical energy.

The internal combined heating and cooling machine may comprise at
least two heat pumps, in order to simultaneously achieve heating and cooling
at high capacity with a maximum coefficient of performance.

Each heat pump may comprise at least two compressors, for
facilitating an efficient and flexible thermal energy storage system to increase
the thermal capacity and in combination with multiple heat pumps increase
the coefficient of performance.

In one embodiment, the internal combined heating and cooling
machine is adapted for alternating the connection between the at least two
compressors between series connection and parallel connection, for allowing

both an increase of storage capacity for heated and cooled fluid as well as an
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increase of the heating capacity of the storage. Another advantage is that the
internal combined heating and cooling machine gives the possibility of
optimizing the thermal storage by choosing at which temperature levels the
energy is to be retrieved and released, all depending on the specific demands
in the district heating and cooling systems and in the energy storage at a
given period in time.

The thermal energy storage system may further comprise a
pressurized electrical steam boiler arranged within the energy storage
system, such that surplus electricity in the electrical grid can be transformed
into thermal energy as steam which can be directly injected into the thermal
energy storage.

The thermal energy storage system may further comprise at least one
immersion heater arranged within the energy storage, such that surplus
electricity in the electrical grid can be efficiently transformed into thermal
energy and directly in the thermal energy storage.

The thermal energy storage system may further comprise at least one
heat-absorbing system.

The heat-absorbing system may be a low temperature system.

The heat-absorbing system may be a high temperature system.

The thermal energy storage system may further comprise a heat-
emitting system, for regulating the electrical grid.

The heat-emitting system may comprise a combined heat and power
plant, for the possibility of delivering only heat to the energy storage.

The heat-emitting system may comprise an electrical hot water boiler
and/or an electrical steam boiler, for peak shaving of electrical surplus
energy.

According to a second aspect of the present invention, these objects
are achieved by a method for using a thermal energy storage system
according to the above, comprising the steps of: retrieving energy from a first
level of temperature from the energy storage, returning heated energy having
a second higher temperature to a corresponding level of the energy storage

or to a heat-emitting system, and returning cooled energy having a third lower
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temperature to a corresponding level of the energy storage or to a heat-
absorbing system.

One advantage of the method of using the thermal energy storage
system is the possibility of optimizing the storage of energy by choosing at
which temperature levels the energy is to be retrieved and released, all
depending on the specific conditions in the electrical grid and in the energy
storage at a given period in time. Other advantages are the utilization of
surplus electrical energy in the grid and the possibility of easily balancing the
production of electricity against the consumption of electrical energy.

Generally, all terms used in the claims are to be interpreted according
to their ordinary meaning in the technical field, unless explicitly defined
otherwise herein. All references to "a/an/the [element, device, component,
means, etc]" are to be interpreted openly as referring to at least one instance
of said element, device, component, means, etc., unless explicitly stated
otherwise. Further, by the term “comprising” it is meant “comprising but not

limited to” throughout the application.

Brief description of the drawing

This and other aspects of the present invention will now be described
in more detail, with reference to the appended drawing showing a currently
preferred embodiment of the invention.

Figure 1 shows a schematic view of an energy storage system
according to an embodiment of the invention.

Detailed description

Figure 1 illustrates an energy storage system according to a first
embodiment of the invention. The system comprises an energy storage 2,
which may be a tank, an underground cavern, or a thermal energy storage
designed for high performance on input /output of energy and a large
seasonal storage capacity.

In the energy storage 2, energy of different temperatures is stored. The
upper layers of the energy storage have higher temperatures than the cooler,

lower layers. There are also layers having intermediate temperatures in the



WO 2014/070098 PCT/SE2013/051283

10

15

20

25

30

transition zone there between. The temperatures within the layers of the
energy storage can be defined as temperature intervals T4, T, and T3 These
intervals may be adapted to any specific working conditions. As a mere
example, the first temperature interval T4 is within the range of 15°C to 65°C,
the second temperature interval T, is within the range of 50°C to 100°C, and
the third temperature interval T3 is within the range of 4°C to 25°C. The
temperatures in interval T, may be higher during periods of time, for example
up to 150°C.

The layering within the energy storage 2 is due to the differences in
density between fluid, i.e. liquid water, having different temperatures. Warm
liquid water has a lower density than cooler water in the range above 4 °C,
which causes water of different temperatures to be placed at different vertical
levels within the energy storage, i.e. vertical temperature stratification. The
difference in densities generates a gradient flow during the extraction of heat
from the energy storage as warm water, having a lower density, flows
upwards through the storage to a heat exchanger where it is cooled down. In
a return pipe, the difference in densities generates a downward flow of colder
water. This results in two water pillars of different density causing a
gravitational force, which can be used for gradient flow, in order to reduce the
consumption of electrical energy. While charging the energy storage with heat
the effect is reversed, and an additional electrical energy source such as a
pump or a motor has to be added to drive the flow.

Since charging of the energy storage is mainly performed during the
summer while discharging is mainly performed during the winter, this implies
that additional electric energy is needed for pumping during the summer but
may be generated during the winter, when the demand and cost is higher, i.e.
seasonal storage of electric energy. The additional electrical energy will be
supplied by a pump with an electrical motor in the summer. The same pump-
electrical motor will be used as a turbine-electrical generator during the
winter. A large vertical height of the energy storage will increase this effect.

In order to use the full potential of the storage, it is important to use the
different, available temperatures effectively. One condition is that the storage

is provided with inlets and outlets at different heights. Hence, there are a
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number of energy communication means 11, e.g. telescopic pipes, which run
from a processing area, and which are arranged to retrieve a portion of the
energy from the energy storage at a suitable vertical level of the energy
storage so as to allow processing of the energy by means of at least one heat
exchanger 9. By energy communication means is, in this embodiment, meant
fluid communication means. The energy communication means are further
arranged to return the processed energy to the energy storage at a suitable
vertical level of the energy storage.

The energy storage 2 may be connected to a heat-absorbing system 3,
4, and/or a heat-emitting system 7 via heat exchangers 9.

As an example, a heat-absorbing system 3 can be a low temperature
system such as a heating system for heating of buildings. The first heat-
absorbing system 3 is connected to a heat exchanger 10. Energy of a first
temperature, e.g. from temperature interval T4, is retrieved from the energy
storage 2 and is used for heating buildings using the heat exchanger 10.
Even though figure 1 shows only one building, it is possible, or even
preferable, to connect the arrangement to a plurality of buildings. The heat-
absorbing system 3 can also be used as a heat-emitting system, collecting
heat from the consumers in the system.

Another example of a heat-absorbing system 4 is a high temperature
system, preferably a district heating system. The heat-absorbing system 4
can be charged with energy having a temperature within interval T, taken
from the energy storage 2, or with energy having a temperature within interval
T, taken directly from an internal combined heating and cooling machine 15.
The internal combined heating and cooling machine 15 is discussed in more
detail below. The heat-absorbing system 4 can also be used as a heat-
emitting system, collecting heat from the consumers in the system.

The heat-emitting system 7 provides energy which may be produced
by an industrial facility or other sources of waste heat, a combined heat and
power plant (CHP), solar panels for electrical generation and/or heating, a
heat pump, a bio fuel boiler, an electrical hot water boiler and/or an electrical
steam boiler, or a fossil fuel boiler. For the use as arrangements for regulating

of the electrical grid, the combined heat and power plant and the electrical hot
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water boiler and/or electrical steam boiler are the most useful and important
arrangements.

A combined heat and power plant (CHP) arranged in the heat-emitting
system 7 generates both heat and power, typically in a ratio of 2:1 for large
scale plants. During periods when the price for electricity is low, an energy
production without electrical generation may be preferred. The entire boiler
capacity is at this point generated as heat, i.e. 150% of the normal heat
generation. If the combined heat and power plant is advanced, the ratio may
be 1:1 and the boiler capacity 200%. However, the condenser in the plant and
some additional equipment such as a steam transformer (for transforming
superheated steam into saturated steam) is required within the plant. In
combination with the energy storage 2, the turbine can be connected to the
electrical grid by a synchronic generator and be operated without electrical
generation during day time, delivering only heat to the energy storage. If
required during night, the combined heat and power plant can generate also
electricity at full power (wind/solar compensation). The addition of a combined
heat and power plant, operated in combination with a thermal energy storage
as described above, means that a rotating mass is included in the system
which compensates for grid variations within seconds.

An electrical hot water boiler and/or an electrical steam boiler arranged
in the heat-emitting system 7 may be used for peak shaving of electrical
surplus energy, for example for consuming electricity during daytime
(wind/solar peak-shaving).

The above mentioned combined heat and power plant and electrical
hot water boiler and/or an electrical steam boiler may be either a new
arrangement or an already existing arrangement.

The system further comprises an internal heating and cooling machine
15, which is connected to the energy storage 2. In one aspect, the system is
used in order to increase the energy storage capacity of the energy storage 2
for heating and cooling purposes. In another aspect, the system is used for
increasing the heating capacity of the storage.

Preferably, the internal heating and cooling machine 15 comprises at

least two heat pumps. The internal heating and cooling machine 15 is
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connected to the energy storage 2 by energy communication means 11 in the
same way as described above.
As one example, the internal heating and cooling machine 15 retrieves
energy from one level of the temperature interval T1 from the energy storage,
5 while simultaneously returning heated energy having a higher temperature to
the interval T, and cooled energy having a lower temperature to the interval
Ts, to the corresponding level in the energy storage or e.g. directly to the
heat-absorbing system 4. Energy could however also be retrieved from one
level of the temperature interval T1 and returned to a warmer, i.e. upper, level

10 of the same temperature interval T4 and a cooler, i.e. lower level of the same
temperature interval T4 Hence, the heated and cooled energy can be returned
to any fluid layer within the energy storage being arranged above and below
the level where fluid is retrieved, i.e. at levels having higher and lower
temperatures.

15 As mentioned above, the internal heating and cooling machine 15
comprises at least two heat pumps. Each heat pump comprises at least two
compressors, which can be are connected both in series and in parallel on
the refrigerant side of the heat pump. The number of heat pumps and the
number of compressors within each heat pump can however be any suitable

20 number. The larger the number of heat pumps/compressors, the more
efficient the internal heating and cooling machine 15 is. This must however be
weighed against the increase in costs that an increase in number of
components leads to.

The internal heating and cooling machine 15 retrieves energy from a

25 first level of the energy storage within temperature interval T4 from, e.g. an
intermediate temperature level. The heat pumps are used for simultaneously
converting this energy into energy for both heating and cooling purposes. The
energy for heating and cooling is returned to the correct, corresponding
temperature levels in the energy storage or e.g. transmitted directly into a

30 heat-absorbing system 4 such as a district heating system. Each heat pump
may use a different refrigerant. In order to achieve a maximum coefficient of

performance (COP), the flow over the water side of the evaporators,
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condensers, and sub-coolers will be arranged in series in order to reduce the
needed temperature lift across each heat pump.

In a first example, the first and second heat pumps each comprise at
least two compressors connected in series. Serial connection is preferably
used when the price of electricity is low. In this example, the heat pumps will
generate energy for the upper temperature interval T, (95°C) and for the
lower temperature interval of T; (5°C), using energy from temperatures
interval T4 (45°C). A coefficient of performance COP for heating of 3-4 is
achieved. When the cooling effect is included, the COP is 5-6. The actual
value depends on the number of heat pumps, the number of compressors,
and the efficiency of the system.

In a second example, the first and second heat pumps each comprise
at least two compressors connected in parallel. Parallel connection is
preferably used when the price of electricity is relatively high. In this example,
the heat pumps will generate energy for the upper temperature interval T,
(90-95°C) and for the intermediate temperature interval T4 (40°C), using
energy from the upper level of temperature interval T4 or the lower level of
temperature interval T, (65°C). A COP for heating and cooling which is
approximately three times higher than the COP for compressors connected in
series is achieved. The actual value depends on the number of heat pumps,
the number of compressors, and the efficiency of the system.

In a third example, the first and second heat pumps also comprise at
least two compressors each, connected in parallel. In this example, the heat
pumps will generate energy for the intermediate temperature interval T4
(55°C) and for the lower temperature interval T3 (5°C), using energy from the
upper level of temperature interval T3 or the lower level of temperature
interval T4 (20°C). A COP for heating and cooling which is approximately
three times higher than the COP for compressors connected in series is
achieved. The actual value depends on the number of heat pumps, the
number of compressors, and the efficiency of the system.

The parallel connection according to the second illustrates how energy
at an intermediate temperature level can be transformed into high

temperatures corresponding to conventional district heating levels and
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simultaneously generate energy at temperatures corresponding to a low
temperature system. In the third example, the same equipment can extract
energy from the energy storage at a lower level in order to optimize the
production of cooling energy at the 5°C temperature level and for producing
temperatures for a low temperature system.

One advantage of the above described thermal energy storage system
is hence the possibility of optimizing the storage of energy by choosing at
which temperature levels the energy is to be retrieved and released, all
depending on the specific conditions in the grid and in the energy storage at a
given period in time.

The alternative operation of the compressors having both series and
parallel connection may require different sizes of the compressors,
corresponding to the number of compressor units operating in series. In this
arrangement the compressors can be connected to one common motor.
Alternatively, the compressors may be of the same size but will, in series
connection, require a speed regulation between the compressor and the
motor. Different arrangements can be used for that purpose, such as
mechanical gears or frequency regulation of electrical motors. Use of
hydraulic motors or steam turbines is possible instead of electrical motors.

The energy storage system may further be provided with additional
energy consuming devices, such as a pressurized electrical boiler, providing
indirect heating into the energy storage 2, and/or an immersion heater,
providing direct heating into the energy storage 2. The use of such devices is
preferable during extreme electricity surplus such as when it is very sunny or
windy at the same time as the electricity consumption is low. In this case, the
devices are activated and hence consume the surplus electricity such that an
overload of the network is avoided.

The pressurized electrical boiler, arranged at ground surface,
generates thermal energy in the form of steam which is injected directly into
the energy storage. The steam is distributed directly into the energy storage
2, via at least one, preferably several, vertical steam pipes provided with
outlet nozzles, at the bottom part of temperature interval T4 or the upper part
of temperature interval T3;. Depending on the height/depth of the storage, the



WO 2014/070098 PCT/SE2013/051283

10

15

20

25

30

12

static liquid pressure at the boiler will allow for energy transfer related to a
temperature related to the actual pressure. As an example, this is done in an
energy storage with a water depth of 150 m at a temperature of around
200°C. This temperature decreases quickly due to diffusion into the
surrounding fluid (compare to a “silent kettle” in a feed-water tank to a boiler).
The fluid circulating within a boiler needs to be as pure as possible with a
minimum of suspended solids and dissolved impurities which cause e.g.
corrosion, foaming, or scaling. Therefore, fluid, e.g. water, to the boiler is
pumped from the storage via a water treatment plant which cleans the fluid to
a level which is sufficient for the boiler (e.g. deionized water). This water
treatment will hence also be a part of the cleaning of the fluid in the energy
storage 2. If the energy storage is completely filled with water, water shall be
pumped from the expansion volume for the storage. Deionized water will be
stored in a buffer tank to reduce the size of the water treatment plant and to
allow for peak supply to the boiler.

Immersion heaters generate electrical energy directly into the energy
storage as heat. At least one, preferably several, immersion heaters are
arranged at the bottom part of temperature interval T4 or the upper part of
temperature interval T;. Depending on the height/depth of the energy storage
2, the static liquid pressure at the immersion heater will allow for energy
transfer at a temperature related to the actual pressure in the energy storage
2. As an example, this is done in an energy storage with a water depth of 150
m (approx. 15 bar) at a temperature of around 200 °C. Transfer of heat from
the immersion heaters is performed via gradient flow. The temperature close
to the immersion heaters decreases quickly due to diffusion into the
surrounding fluid. This is a robust design as there are no moving parts.

Steam injection pipes and immersion heaters installed in the energy
storage 2 will be installed in vertical channels/pipes in order to allow for
maintenance and service from a processing area or tunnel above the energy
storage 2.

The person skilled in the art realizes that the present invention by no

means is limited to the preferred embodiments described above. On the
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contrary, many modifications and variations are possible within the scope of
the appended claims.
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CLAIMS

. Thermal energy storage system comprising an energy storage (2)

having a vertical temperature gradient and an internal combined
heating and cooling machine (15),

said internal combined heating and cooling machine (15) being
adapted for retrieving energy having a first temperature from the
energy storage, while simultaneously returning heated energy having a
second higher temperature and cooled energy having a third lower
temperature.

. Thermal energy storage system according to claim 1, wherein said

internal combined heating and cooling machine (15) comprises at least

two heat pumps.

. Thermal energy storage system according to claim 2, wherein each

heat pump comprises at least two compressors.

. Thermal energy storage system according to claim 3, wherein said

internal combined heating and cooling machine (15) is adapted for
alternating the connection between said at least two compressors

between series connection and parallel connection.

. Thermal energy storage system according to any previous claim,

further comprising a pressurized electrical steam boiler arranged within
said energy storage system such that surplus electricity in an electrical
grid can be transformed into thermal energy as steam which can be
directly injected into the thermal energy storage (2).

. Thermal energy storage system according to any previous claim,

further comprising at least one immersion heater arranged within said

energy storage (2).

. Thermal energy storage system according to any of the previous

claims, further comprising at least one heat-absorbing system (3, 4).
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. Thermal energy storage system according to claim 7, wherein at least

one of said heat-absorbing system (3) is a low temperature system.

. Thermal energy storage system according to claim 7 or 8, wherein at

least one of said heat-absorbing system (4) is a high temperature
system.

10. Thermal energy storage system according to any of the previous

claims, further comprising a heat-emitting system (7).

11.Thermal energy storage system according to claim 10, wherein said

heat-emitting system (7) comprises a combined heat and power plant.

12. Thermal energy storage system according to claim 10 or 11, wherein

said heat-emitting system (7) comprises an electrical hot water boiler

and/or an electrical steam boiler.

13.Method for using a thermal energy storage system according to any of

claims 1-12, comprising the steps of:

retrieving energy from a first level of temperature from the energy
storage (2),

returning heated energy having a second, higher temperature to a
corresponding level of said energy storage (2) or to a heat-emitting
system (7), and

returning cooled energy having a third, lower temperature to a
corresponding level of said energy storage (2) or to a heat-absorbing
system (3, 4).



WO 2014/070098 PCT/SE2013/051283

171




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2013/051283

A.  CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC: B65G, F24H, F28D

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ, WP| data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 4174009 A (LAING INGEBORG

column 1, line 45; figures 8,12

(2012-07-25); abstract; figure 4

1979 (1979-11-13); column 7, line 61 - column 8, line 2;
column 9, line 24 - column 9, line 40; column 1, line 39 -

KR 20120077106 A (LG ELECTRONICS INC), 10 July 2012
(2012-07-10); figures; attached translation, claim 1

EP 2479517 A1 (LG ELECTRONICS INC), 25 July 2012

ET AL), 13 November 1-3, 5-13

2-4

}x‘ Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P*  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

17-02-2014

Date of mailing of the international search report

18-02-2014

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Fredrik Timoteusson

Telephone No. + 46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2013/051283

C (Continvation). ~ DOCUMENTS CONSIDERED TO BE RELEVANT

February 2011 (2011-02-10); abstract; figures 1-2

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 10039581 A1 (PRAUM PETER), 27 June 2002 (2002-06- | 1-13

27); whole document
A WO 2011016768 A2 (SKANSKA SVERIGE AB ET AL), 10 1-13

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2013/051283

Continuation of: second sheet
International Patent Classification (IPC)

F28D 20/00 (2006.01)
F24H 4/04 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/SE2013/051283

Us 4174009 A 131171979 _NONE

KR 20120077106 A 10/07/2012 KR 101170274 B1 __ 31/07/2012

EP 2479517 A1 25/07/2012 CN 102607208 A 25/07/2012
JP 2012154616 A 16/08/2012
KR 20120085070 A 31/07/2012

e us ... 20120186295 A1 26/07/2012

DE 10039581 A1 27/06/2002 NONE

WO 2011016768 A2  10/02/2011 AR 078089 A1 12/10/2011
CA 2772692 A1 10/02/2011
EP 2462399 A2  13/06/2012
SE 535370 C2  10/07/2012
SE 0950576 A1 04/02/2011
us 20120132393 At 31/05/2012

Form PCT/ISA/210 (patent family annex) (July 2009)



LS

AR BRREREAT REE, ZIRRERET RE OIERE R 38/ N 415 Un A % 20 b1
(15), AEEAMEfFRQQAAEEREAZ. WHE ML HPL(Ls)E M T I ae 728 P W RA
S5 ImPER AR, T R OR [BLR A S A A R B A R Al DL e B SEAR A B = IR v A R g
e AR Y LA TR AR A GEMEF RERTT L.


awywong
Rectangle


	Bibliography
	Abstract
	Description
	Claims
	Drawings
	Search-report

