
WO 2014/070096 PCT/SE2013/051281 
1 

METHOD FOR OPERATING AN ARRANGEMENT FOR STORING 

THERMAL ENERGY 

Field of the invention 

The present invention relates to a method for operating an 

arrangement for storing thermal energy. 

5 	Background of the invention 

There is a need for efficient storage of thermal energy within the area 

of modern energy technology. 

Thermal energy may advantageously be stored in a fluid, such as e.g. 

water, above ground in insulated tanks, in ground in insulated pits, or 

10 	underground in excavated caverns, using the surrounding ground as 

insulation. The thermal energy of the fluid is preserved to a great extent 

during an extended period of time. Today, these methods are used in different 

parts of the world in order to satisfy the need for storing thermal energy 

between different seasons, e.g. storing temporary surplus heat which is used 

15 	later on when there is a demand for it and, preferably, when its financial value 

is higher. The main transition of energy is from the summer half, when there 

is less need for heating, to the winter half, when the need for heating is much 

higher. However, there is also much to gain by using the storage for short-

term variations and always actively storing surplus heat. These kinds of 

20 	storages may also be used for storage of a colder fluid, to be used for cooling, 

as well as for fluid having an intermediate temperature, such as a fluid used in 

low temperature systems. 

A substantial disadvantage with the arrangements for storing thermal 

energy underground which are available on the market today is that they, 

25 	during use, contain large amounts of energy having an intermediate 

temperature. The intermediate temperature is not high enough to be used for 

different types of heating and it is not low enough to be used for cooling. 

Swedish patent application 0950576-9 discloses one kind of efficient 

storage of thermal energy. However, there is still a need for an even more 

30 	improved arrangement for storing thermal energy underground. 
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Summary of the invention 

An object according to an aspect of present invention is to provide a 

method for operating an arrangement for storing thermal energy which 

renders the arrangement more efficient during use. 

5 According to a first aspect of the present invention, these objects are 

achieved by a method for operating an arrangement for storing thermal 

energy, comprising an energy storage having a vertical tem perature gradient 

and wherein the method comprises retrieving energy of a first tem perature 

from the energy storage for use in a first heat-absorbing system, such that 

10 free space is created in the energy storage for energy of a second 

temperature, and wherein the second temperature is higher than the first 

tem perature. 

As energy of the first tem perature is retrieved from the energy storage, 

free space is created for energy of the second tem perature in the energy 

15 storage, which is advantageous. The energy of the second temperature may 

have a broader field of application than the energy of the first tem perature 

and may be used in a second heat-absorbing system, which may be a high 

tem perature system. The first tem perature may be in the range of 15°C to 

65°C, and the second temperature may be in the range of 50°C to 100°C. 

20 These are preferred temperature intervals for the first and second 

tem peratures. 

The method may further comprise receiving energy from the first heat-

absorbing system, the energy being of a third tem perature which is lower than 

the first and second temperature, and providing the energy at a level of the 

25 energy storage being of the third temperature. When the energy has been 

used in the first heat-absorbing system, the temperature of the fluid has 

decreased and the energy is therefore provided at a level in the energy 

storage where the tem perature is lower than the first and second 

temperature. The third tem perature may be in the range of 4°C to 25°C. 

30 Energy having this third temperature may then be used in a cooling system 

such as, for example, a cooling coil for supply air, a room cooling coil, a fan 

coil, an under floor cooling coil, and a ceiling cooling coil. 
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The method may further comprise receiving energy of the second 

tem perature from a heat-emitting system, and providing the energy at a level 

of the energy storage being of the second temperature. The heat-emitting 

system may be chosen from the group comprising an industrial facility or 

5 other sources of waste heat, a combined heat and power plant (CHP), solar 

panels for heating or for combined electrical generation and heating, a heat 

pump, a bio fuel boiler, an electrical heater, or a fossil fuel boiler. Since free 

space is created in the energy storage for energy of a second tem perature 

when energy of the first tem perature is retrieved, that space may be filled with 

10 energy of the second tem perature, i.e. with energy having a broader field of 

application than the energy of the first temperature. 

The method may further comprise receiving energy of the first 

tem perature from a heat-emitting system, and providing the energy at a level 

of the energy storage being of the first temperature. 

15 The method may further comprise retrieving energy of the second 

tem perature from the energy storage for use in a second heat-absorbing 

system, and thereafter receiving energy of the first temperature from the 

second heat-absorbing system and providing the energy at a level of the 

energy storage being of the first temperature. When the energy of the second 

20 tem perature has been used in the second heat-absorbing system, the 

tem perature has decreased and the energy is therefore provided at a level in 

the energy storage where the temperature is lower than the second 

tem perature. 

The method may further comprise retrieving energy of the third 

25 tem perature from the energy storage for use in a heat emitting cooling 

system, and thereafter receiving energy of the first temperature from the heat 

emitting cooling system and providing the energy at a level of the energy 

storage being of the first temperature. When the energy of the third 

tem perature has been used in the heat emitting cooling system, the 

30 tem perature has increased and the energy is therefore provided at a level in 

the energy storage where the temperature is higher than the third 

temperature. The cooling system may be chosen from the group consisting of 

a cooling coil for supply air, room cooling coil, fan coil, under floor cooling coil, 
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and ceiling cooling coil. It may be noted that, when energy of the third 

temperature is retrieved from the energy storage and then returned at a 

higher temperature, heat sources such as human beings and lighting systems 

and other equipment in the building in essence serve as a heat source to the 

5 energy storage for possible later use. In this sense a cooling system is a heat-

em itting system. 

The method may further comprise receiving energy from an exterior of 

the arrangement, and providing the energy at a level of the energy storage 

being of the third temperature. As an example, energy from ice or snow may 

10 be also stored in the energy storage. When ice or snow is melted, this results 

in energy being of a low temperature, i.e. being in the temperature interval of 

the third temperature. Thus, that energy may be placed at a level of the 

energy storage being of the third temperature. This energy of the third 

temperature can also be received from a district cooling system. 

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

The first heat-absorbing system may be chosen from the group consisting of 

a radiator, supply air heating coil, an under floor heating coil, a ceiling heating 

coil, or a wall heating coil, which all are preferred embodiments. 

The second heat-absorbing system may be a high temperature 

20 system. 

The heat-emitting system may be chosen from the group consisting of 

an industrial facility or other sources of waste heat, a combined heat and 

power plant (CHP), solar panels for heating or for combined electrical 

generation and heating, a heat pump, a bio fuel boiler, an electrical heater, or 

25 a fossil fuel boiler. 

The heat em itting cooling system may be chosen from the group 

consisting of a cooling coil for supply air, room cooling coil, fan coil, under 

floor cooling coil, and ceiling cooling coil. 

In one embodiment, vertical temperature stratification is used in the 

30 energy storage in order to reduce the consumption of electrical energy while 

extracting thermal energy. A self-circulating motion of the fluid within the 

storage is generated due to differences in density between the different layers 

of fluid in the storage. 
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Further, the vertical temperature stratification may be used in order to 

generate electrical energy while extracting thermal energy. As mentioned 

above, the motion of the fluid within the storage is generated due to 

differences in density between the different layers of fluid in the storage. This 

5 is particularly useful in colder climates, where the possibility of generating 

electricity in this way is generally better during periods when electricity 

demand is high, especially during winter time. 

In one embodiment an internal combined heating and cooling machine 

is used in order to increase the energy storage capacity of the energy 

10 storage. Such a heating and cooling machine uses mainly energy of an 

intermediate temperature, freeing up space for storing more energy of a high 

and a low temperature. 

Generally, all terms used in the claims are to be interpreted according 

to their ordinary meaning in the technical field, unless explicitly defined 

15 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. 

20 

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. 

25 Figure 1 shows a schematic view of an arrangement for storing thermal 

energy according to a first embodiment of the invention. 

Detailed description 

Figure 1 illustrates an arrangement 1 for storing thermal energy 

30 according to a first embodiment of the invention. The arrangement 1 

comprises an energy storage 2, which may be a tank or an energy storage 

such as an underground cavern. The energy storage 2 is connected to first, 
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second, and third heat-absorbing systems 3, 4, 5, first and second heat-

emitting systems 6, 7 and a cooling system 8 via heat exchangers 9. 

In this exemplary embodiment, the first heat-absorbing system 3 is a 

low temperature system such as a heating system for heating of buildings. 

5 The first heat-absorbing system 3 is connected to a heat exchanger 10. 

Energy of a first temperature T1  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. 

10 The cooling system 8 is used for cooling buildings via heat exchanger 

10. Energy of a third temperature T3 is retrieved from the energy storage 2 

and is used for cooling buildings using the heat exchanger 10. 

The third heat-absorbing system 5 is a hot tap water system for 

buildings. Energy of a first temperature T1  is retrieved from the energy 

15 storage 2 and is used for the hot tap water system. 

The second heat-absorbing system 4 is a high temperature system and 

is, in this example, a district heating system. The second heat-absorbing 

system 4 is charged with energy of temperature T2 from the energy storage 2. 

The first heat-emitting system 6 is at least one solar collector. One or 

20 more solar collectors can form a solar heating system. The solar collector is 

charged with energy which is thereafter provided in the energy storage 2 at a 

level of temperature T2 or Ti. The second heat-emitting system 7 is a district 

heating system. The second heat-emitting system 7 provides the energy 

storage 2 with energy of temperature T2. The second heat-emitting system 7 

25 can also provide the energy storage 2 with energy of temperature T1  for 

example in order to increase the electrical output in a combined heat and 

power plant or by use of heat from condensing of exhaust flue gases. The 

use of the first heat-emitting system 6, i.e. solar collectors, is optional. It is 

possible to use different applications for connecting the solar collectors to the 

30 heat-emitting and/or heat-absorbing system of the building. 

It is to be understood that any number and any type of heat-emitting, 

heat-absorbing and cooling systems can be connected to the arrangement 1 

for storing thermal energy. 
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In the energy storage 2, energy of different temperatures is stored. The 

upper parts of the energy storage 2 have higher temperatures than the cooler, 

lower parts. This is due to the differences in density between fluids, i.e. liquid 

water, having different temperatures. There are layers having intermediate 

5 temperatures in the transition zone there between. 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 number of energy 

communication means 11, e.g. telescopic pipes, which run from a processing 

10 area 12, and which are arranged to retrieve a portion of the energy from the 

energy storage 2 at a suitable vertical level of the energy storage 2 so as to 

allow processing of the energy by means of at least one heat exchanger. By 

energy communication means 11 is, in this embodiment, meant fluid 

communication means. The energy communication means 11 are further 

15 arranged to return the processed energy to the energy storage 2 at a suitable 

vertical level of the energy storage 2. As an example, energy of a first 

temperature T1  can be retrieved from the energy storage 2, at a level of said 

energy storage 2 being of said first temperature, for use in the first heat-

absorbing system 3 in order to heat up buildings. When the energy has been 

20 used in the first heat-absorbing system 3, the temperature of the energy has 

decreased to a third temperature T3 or a lower part of temperature T1. The 

energy is then returned to the energy storage 2 at the corresponding 

temperature level. Another example is when energy of the first temperature T1  

is retrieved from the energy storage 2 at a level of the energy storage 2 being 

25 of the first temperature T1. The energy is then heated via one of the heat 

exchangers 9 by heat from the solar collector to a second temperature T2 or 

upper part of temperature T1. Thereafter, the energy is returned to the energy 

storage 2 at a corresponding temperature level. The first temperature T1  is in 

the range of 15°C to 65°C, the second temperature T2 is in the range of 50°C 

30 to 100°C, and the third temperature T3 is in the range of 4°C to 25°C. 

The energy storage 2 can accordingly be used both for heating, i.e. the 

energy which is returned to the energy storage 2 has a lower temperature 
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than when it was extracted, and for cooling, i.e. the energy which is returned 

to the energy storage 2 has a higher temperature than when it was extracted. 

Energy for cooling can be received from an exterior 13 of the 

arrangement 1 and this energy can be provided at a level of the energy 

5 storage 2 being of the third temperature T3. The energy can, e.g., come from 

cold water. The energy can also be generated by an exterior source 14 

connected to other cold sources such as ice, snow, cold air, a lake/river/sea, 

a chiller, or a district cooling system. If the energy comes from melted ice or 

snow, the ice or snow is preferably stored at a level above the ground water 

10 level such that polluted, melted water may be drained off. The melting may be 

done using energy of temperature T3. 

Further, the energy can also be generated by an exterior cold source 

16 such as a second, separate storage for ice or snow, being connected to 

the energy storage 2. Ice or snow in the storage 16 may be created by 

15 freezing water from the energy storage 2, whereby the heaviest water, having 

a temperature of 4°C is located at the bottom of the storage while ice, having 

a lower density than water, floats at the surface of the storage. 

In one embodiment the energy for cooling and heating is supplied via 

an internal combined heating and cooling machine 15 such as, e.g., a heat 

20 pump. The heating and cooling machine 15 retrieves energy from a level of 

temperature T2, T1, or T3  from the energy storage 2, while it returns heated 

energy to a level of temperature T2  or T1  and cooled energy to a level of 

temperature T2, T1, or T3  in the energy storage 2. The person skilled in the 

field of energy realizes that the combined heating and cooling machine can 

25 be arranged in many different configurations to achieve high efficiency and 

flexibility. 

In one embodiment, the arrangement 1 does not comprise a level with 

a temperature T3. Instead, the arrangement 1 only comprises temperature 

levels T1  and T2. 

30 In one embodiment, cold water, which, e.g., can be drinking water, of 

temperature T3 from an exterior 13 is heated by heat exchanger 9a to a 

temperature of Ti. Heat exchanger 9a has, e.g., been supplied with energy of 

temperature Tl  via energy communication means 11a. After that, the water of 
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temperature T1  is heated by heat exchanger 9b to a temperature in a higher 

part of the range of T1, alternatively, in a lower part of the range T2. Heat 

exchanger 9b has, e.g., been supplied with energy of temperature T1  or T2  via 

energy communication means 11b. Thereafter, the water of temperature T1  or 

5 T2  can be used in the hot tap water system for buildings. As a non-limiting 

example, the temperature of the cold water from the exterior 13 can be in the 

range of 5-15°C. The temperature in the lower part of the range of Tl  can be 

in the range of 25-35°C.The temperature in the higher part of the range of T1, 

alternatively, in the lower part of the range T2, can be in the range of 55-65°C. 

10 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 2 as warm water, having a lower 

15 density, flows upwards through the storage to the heat exchanger where it is 

cooled down. In the 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. 

20 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 

25 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 

30 winter. A large vertical height of the energy storage will increase this effect. 

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. 








