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(54) DEVICE ARRANGEMENT FOR ACCUMULATING EXCESS HEAT IN A NATURAL
WATER-PERMEABLE LAYER AND FOR ITS RECOVERY

(67)  The subject of the invention is a device arrange-
ment foraccumulating excess heatin a natural water-per-
meable layer and for its recovery, the main component
of which is a heat storage (1) filled with water which con-
stitutes a closed area, separated from the water-perme-
able layer (2), comprising at least one extraction well (8)
made in this area and at least one discharge well (8) as

well as an installation enabling the extraction and dis-
charge of water as well as the collection and delivery of
excess heat to the heat storage (1) by means of a heat
exchanger (15), as well as an installation providing tem-
perature and water level control in the heat storage (1),
and the automation and optimization of the process of
storing and collecting excess heat.
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Description

[0001] The subjectoftheinventionis adevice arrange-
ment for accumulating excess heat in a natural water-
permeable layer and for its recovery, applicable in the
underground storage of excess heat, especially in its ef-
ficient use.

[0002] There are known and used methods and insta-
lations for underground heat storage. For example, in
Korean patent application KR101670007 B1 and in the
book of J. Chodury entitled "Instalacje sloneczne. Dobér,
montaz i nowe konstrukcje kolektorow" (Rynek Instala-
cyjny, Wyd.: Dom Wydawniczy MEDIUM, Warszawa,
2011), typical methods of heat storage have been de-
scribed, including i.a. water-gravel reservoirs and heat
storage in aquifers. In the case of the water-gravel res-
ervoirs, a mixture of waterand gravelis used as a storage
medium, located in a hole dug in the ground and thermally
insulated from the surrounding ground and from the at-
mosphere by means of a plastic film. Hot water is drawn
directly from the reservoir or through a coil arranged in
the reservoir.

[0003] In the case of energy storage in the aquifers,
heatis supplied to and collected from them through deep-
wells equipped with filter sets, reaching to the aquifers,
which have to be limited at the top and bottom with a
layer of impermeable rocks.

[0004] In the publication of K. Kwestarz entitled "Mag-
azynowanie ciepla - rodzaje magazynéw" (Czysta Ener-
gia - 12/2016), heat storages using natural aquifers for
underground heat storage have also been described.
Heat is stored in water as well as in the surrounding
ground. Water-bearing layers with a preferred thickness
of 20-50 meters may be sand, gravel, sandstone rocks
and limestones. The best conditions are when the layer
is placed between two impermeable layers and when
there is little or no water flow. The simplest system of this
type consists of two wells (two sets of wells) of different
depth. In summer, water from one setis drawn and heat-
ed, e.g. by solar collectors using heat exchangers, and
injected into the other set of wells. A thermal front is
formed between them, which moves with increasing or
decreasing temperature. During the heating period, wa-
teris drawn fromthe layer heated in summer and supplied
to the exchangers, where it cools down, and then it is
forced into the second set of wells without any contami-
nation. For economic reasons and due to heat losses,
the temperature of the injected water should not exceed
45°C. Heat pumps are used when a higher flow temper-
ature of the receiver is required.

[0005] From Polish patent specification PL217289B1
ashallow geothermal installation systemis known, where
the subject of the invention is an underground water ex-
traction and injection device, the underground water be-
ing used for heating and air conditioning, applicable when
at least two wells are used, reaching respectively to the
saturation zone of the aquifer, located between imper-
meable layers, cooperating with a heat pump.
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[0006] In both wells, at lower ends of the circulation
pipeline, pump units are installed, and above the wells,
controllable valves are built into surface sections of the
pipeline, to which drain pipelines are connected and in-
troduced to both wells. The solution ensures easy and
quick change of the well function from extraction to ab-
sorbent one and vice versa, through appropriate setting
the controllable valves. In the summertime, the heat
pump is used for air conditioning and cooling, and the
recuperative heat from the heat pump is discharged with
the water into the aquifer, where it is collected for use
during the winter period. Depending on the season, the
wells perform alternately the functions of extraction or
discharge wells.

[0007] Japanese patent specification JP6325835B2,
inturn, discloses a method of storing heatin alabyrinthine
tank formed in the area of a water-permeable layer situ-
ated between impermeable layers. The tank is separated
by contouring parts of the water-permeable layer with
impermeable, vertical walls from the surface to a depth
below the ceiling of the underlying impermeable layer
and by providing a closed area inside the vertical, imper-
meable partitions forming a labyrinth-shaped channel,
maximizing the length of a flow path between holes drilled
fromthe surface: adischarge hole and an extraction hole,
connected, by means of pumps, to a heat exchanger, to
which air conditioning can be further connected. Water
stored in a water-permeable layer also insulated from the
surface can be used to heat rooms, and to cool them in
summer.

[0008] The invention solves the technical problem of a
method of storing heat in natural water-permeable layers
- ATES (Aquifer Thermal Energy Storage), consisting in
the inability to use it in water-permeable layers with low
water accumulation or with significant water outflow from
the area designated for the storage, while ensuring high
efficiency and low thermal inertia.

[0009] The essence of the device arrangement for ac-
cumulating excess heatin a natural water-permeable lay-
er and for its recovery, comprising a heat storage filled
with water, which constitutes a closed area, separated
from the water-permeable layer by means of anti-filtration
walls, being vertical or having slope close to vertical,
made of the ground surface to a depth below the floor of
the water-permeable layer, and comprising at least one
extraction well situated in this area and a heat exchanger,
at least one discharge well and at least one pump, con-
sists in that the anti-filtration walls are diaphragm walls
that constitute a thermally insulating partition, wherein
the extraction well and the discharge well are constitued
by one dual-function extraction-discharge well equipped
with a discharge pipeline and an extraction pipeline hy-
draulically connected to the pump directly or indirectly,
wherein the pump is connected by means of an electric
power cable to a frequency converter which has a signal
connection to a checking, measuring and control equip-
ment, which furthermore has a signal connection to mul-
tilevel temperature and water level measuring probes lo-
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cated in the extraction-discharge well and in at least one
control and measurement hole, situated within the heat
storage and in the heat exchanger. The checking, meas-
uring and control equipment has a signal connection to
controllable valves situated on hydraulic lines that con-
nect an extraction collector to an extraction pipeline, and
to controllable valves situated on hydraulic lines that con-
nect a discharge collector to a discharge pipeline. The
extraction and discharge collectors are led to the heat
exchanger, and the heat storage is covered on top with
a horizontal partition that constitutes an anti-filtration cov-
er and thermal insulation.

[0010] Itis preferable that the heat storage is addition-
ally covered with a layer of soil lying on the horizontal
partition, which allows to ensure the biological function
on the surface, above the heat storage. It is preferable
that between the established water level in the heat stor-
age and the horizontal partition, there is a waterless
space filled with soil air, that constitutes an additional
thermal insulation.

[0011] Itis also preferable that the pump is a pump or
a pump set installed on a surface between the extraction
collector and the heat exchanger.

[0012] It is furthermore preferable that the pump is a
submersible pump, installed in place of a suction stainer,
on the extraction pipeline.

[0013] Itis preferable that the walls of the heat storage
form aring shape when they are projected on a horizontal
plane.

[0014] Moreover, it is preferable that the arrangment
comprises dual-function extraction-discharge wells ar-
ranged such that one well is situated in the middle of the
heat storage, and the others are arranged evenly at a
constant distance from the center, wherein in directions
representing the bisector of an angle defined by the two
adjacent extraction-discharge wells and the central ex-
traction-discharge well, the control and measurement
holes are located.

[0015] The subject of the invention in an exemplary
embodiment is shown in the drawing in which Fig. 1
shows schematically a top view of an underground ex-
cess heat storage along with an installation diagram on
the surface, and Fig. 2 shows schematically a vertical
cross-section through the center of the underground ex-
cess heat storage separated in a natural water-permea-
ble layer, along with an installation on the surface.
[0016] A device arrangement for accumulating excess
heat in a natural water-permeable layer and for its recov-
ery comprises an underground heat storage 1 made in
a natural part of a water-permeable layer 2, covered with
a horizontal partition 3 that constitutes a thermal and fil-
tration insulation and a layer of soil 4 lying thereon. The
natural water-permeable layer 2 is limited by a vertical
anti-filtration wall 5 constituting a thermal and filtration
insulation, forming a ring-shaped closed area having an
inner radius of 52 m. The vertical wall 5 is recessed over
a distance of 1 m into a natural impermeable layer 6,
lying under the natural water-permeable layer 2. A water
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table level 24 in the heat storage 1 is above the natural
underground waterlevel 7 in the natural water-permeable
layer 2. Inside the underground heat storage 1 there are
six dual-function extraction-discharge wells 8 consisting
of a filter pipe column 8a, around which a gravel pack 8b
is provided, and in the near-surface section, a sealing 8c
is provided above the gravel pack. The wells 8 are ar-
ranged such that one of them is situated in the center of
the heat storage 1, and the others are arranged evenly
at constant distances from the center; on a circle with a
radius of 33 m. In directions representing the bisector of
an angle defined by the two adjacent wells 8 located on
the circle and the central well 8, at a distance of 45 m
from the center, there are five control and measurement
holes 9. In each dual-function extraction-discharge well
8 there is a vertical extraction pipeline 10, ended at the
lower part with a suction stainer 11 with a check valve,
submerged below the dynamic level of the water table
24 existing in that well, and the upper end of the extraction
pipeline 10 is connected to an extraction collector 12
through acontrollable valve 21. Furthermore, in each du-
al-function extraction-discharge well 8 there is a vertical
discharge pipeline 13, the lower end of which is situated
at the lower part of the underground heat storage 1, and
the upper end is connected to a discharge collector 14
through a controllable valve 22. The extraction collector
12 and the discharge collector 14, made in the technology
of pre-insulated pipes and located below the ground sur-
face, are led to the heat exchanger 15, to which a heat
supply installation 16 and a heat collection installation 17
are also connected. Between the cummulative extraction
collector 12 and the heat exchanger 15 there is a set of
hydraulic pumps 20 powered by a frequency converter
23 and connected to it by means of an electric wire. In
each dual-function extraction-discharge well 8, in each
controland measurementhole 9 and in the heatexchang-
er 15 there are multilevel temperature and water level
measuring probes 18 connected by means of a signal
wire 26 to a checking, measuring and control equipment
19, which in turn is connected, by means of the signal
wire 26, to the frequency converter 23 and to the control-
lable valves 21 and 22. Between the established water
level 24 in the heat storage 1 and the horizontal partition
3 there is a waterless space 25, filled with soil air, that
constitutes an additional thermal insulation.

[0017] In order to better describe the invention in an
exemplary embodiment, a method of its operation can
be presented. By means of the multilevel measuring
probes 18 transmitting readings to the checking, meas-
uring and control equipment 19, the vertical temperature
field distribution and the water table level 24 in the un-
derground excess heat storage 1 as well as the temper-
ature field distribution in the heat exchanger 15 are con-
trolled. In case that the water table level 24 in the heat
storage 1 needs to be raised, it is supplemented with a
set of pumps (not shown in the drawing) from the area
of the natural water-permeable layer 2 or from another
water source. The extraction, discharge function or tem-
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porary exclusion of individual wells 8 is determined in
each case on the basis of measurement data obtained
from all the multilevel measuring probes 18. A dedicated
software of the checking, measuring and control equip-
ment 19 individually determines the operating mode of
each well 8 in real time, depending on the temperature
field distribution in the space of the heat storage 1. Cir-
culating water flow rate in the vertical extraction pipeline
10, the extraction collector 12, the discharge pipeline 13,
and the discharge collector 14 depends on the operation
of the pump set 20, in which the rotational speed control
is applied by means of the frequency converter 23, con-
trolled by the checking, measuring and control equipment
19. The checking, measuring and control equipment 19
turns the pump set 20 on and off depending on the pres-
sure in the cummulative discharge collector 14 and on
the temperature value measured by the multilevelymi
measuring probes 18, and also individually controls the
controllable valves 21 and 22 that regulate hot water ex-
traction in order to transfer heat through the heat ex-
changer 15 to the accumulated heat collection installation
17 orits discharge to the heat storage 1, after it has been
collected in the heat exchanger 15 from the excess heat
supply installation 16.

[0018] In anotherembodiment of the invention, the sig-
nal transmission between the measuring probes 18, the
checking, measuring and control equipment 19, the
pump set 20 and the frequency converter 23, as well as
the controllable valves 21 regulating water extraction and
the controllable valves 22 regulating water discharge, is
performed wirelessly, by means of radio waves.

[0019] In yet another embodiment of the invention not
shown in the drawing, the pumps 20 are submersible
pumps, installed in each dual-function extraction-dis-
charge well 8 in place of the suction stainer 11. The
pumps 20 are elecrically powered and their operation is
individually regulated by the checking, measuring and
control equipment 19 using the frequency converter 23.
Explanation of refrence numbers in Fig. 1 and Fig. 2:
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(16)  heat supply installation

(17)  heat collection installation
(18)  multilevel measuring probes
(19)  checking, measuring and control equipment
(20)  pump or pump set

(21)  controllable valve

(22)  controllable valve

(23)  frequency converter

(24)  water table level

(25)  waterless space

(26)  signal wire

Claims

1. Adevice arrangement for accumulating excess heat
in a natural water-permeable layer and for its recov-
ery, comprising a heat storage filled with water,
which constitutes a closed area, separated from the
water-permeable layer by means of anti-filtration
walls, being vertical or having slope close to vertical,
made of the ground surface to a depth below the
floor of the water-permeable layer, and also com-
prising at least one extraction well situated in this
area and a heat exchanger, at least one discharge
well and at least one pump, characterised in that
the anti-filtration walls (5) are diaphragm walls that
constitute a thermally insulating partition, the extrac-
tion well and the discharge well are constitued by a
dual-function extraction-discharge well (8) equipped
with adischarge pipeline (13) and an extraction pipe-
line (10) hydraulically connected to the pump (20)
directly or indirectly, wherein the pump (20) is con-
nected by means of an electric power cable to a fre-
quency converter (23) which has a signal connection
to a checking, measuring and control equipment
(19), which furthermore has a signal connection to
multilevel temperature and water level (24) measur-
ing probes (18) located in the extraction-discharge
well (8) and in at least one control and measurement
hole (9) situated within the heat storage (1) and in
the heatexchanger (15), and furthermore the check-
ing, measuring and control equipment (19) has a sig-
nal connection to controllable valves (21) situated
on hydrauliclines that connectan extraction collector
(12) to an extraction pipeline (10), and to controllable
valves (22) situated on hydraulic lines that connect
a discharge collector (14) to a discharge pipeline
(13), wherein the extraction (12) and discharge (14)
collectors are led to the heat exchanger (15), and
the heat storage (1) is covered on top with a hori-
zontal partition (3) that constitutes an anti-filtration
and thermally insulating cover.

2. The device arrangement according to claim 1, char-
acterised in that the heat storage (1) is additionally
covered with a layer of soil lying on the horizontal
partition (3).
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The device arrangement according to claim 1, char-
acterised in that between the established water lev-

el (24) in the heat storage (1) and the horizontal par-
tition (3), there is a waterless space (25) filled with
soil air, that constitutes an additional thermal insu- %
lation.

The device arrangement according to claim 1, char-
acterised in that the pump (20) is a pump ora pump

set installed on a surface between the extraction col- 70
lector (12) and the heat exchanger (15).

The device arrangement according to claim 1, char-
acterised in that the pump (20) is a submersible
pump installed in place of a suction stainer (11) on 75
the vertical extraction pipeline (10).

The device arrangement according to claim 1, char-
acterised in that the walls (5) of the heat storage

(1) form a ring shape when they are projected ona 20
horizontal plane.

The device arrangement according to claim 5, char-
acterised in that it comprises dual-function extrac-
tion-discharge wells (8) arranged such that one well 25
is situated in the middle of the heat storage (1), and

the others are arranged evenly ata constantdistance
from the center, wherein in directions representing

the bisector of an angle defined by the two adjacent
extraction-discharge wells (8) and the central extrac- 30
tion-discharge well (8), the control and measurement
holes (9) are located.

35

40

45

50

55



EP 4 063 780 A1

1 18

STz ez ez aze ATl
et e tanst,



EP 4 063 780 A1

FIG. 2



EP 4 063 780 A1

Europaisches

Patentamt
European
Patent Office
Office européen

des brevets

Application Number

EUROPEAN SEARCH REPORT
EP 21 21 0998

DOCUMENTS CONSIDERED TO BE RELEVANT

35

40

45

50

55

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 4 399 656 A (LAING NIKOLAUS [DE] ET AL) 1-7 INV.
23 August 1983 (1983-08-23) F28F27/02
* figures 9,10 *
A CH 594 795 A5 (TOSI PIERINO) 1-7
31 January 1978 (1978-01-31)
* the whole document *
A DE 32 32 268 Al (ERDMANN HORST; REICH 1-7
REINHARD DIPL ING DR)
6 October 1983 (1983-10-06)
* the whole document *
A DE 26 57 244 Al (ATOMENERGI AB) 1-7
7 July 1977 (1977-07-07)
* the whole document *
A FR 2 504 099 A2 (COSTE JEAN [FR]) 1-7
22 October 1982 (1982-10-22)
* the whole document *
_____ TECHNICAL FIELDS
SEARCHED (IPC)
F28F
F28D
1 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

EPO FORM 1503 03.82 (P04CO01)

Munich

5 April 2022 Vassoille, Bruno

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 4 063 780 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 21 21 0998

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

05-04-2022
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4399656 A 23-08-1983 BR 7506257 A 03-08-1976
CA 1064271 A 16-10-1979
DE 2541910 Al 15-04-1976
FR 2286260 Al 23-04-1976
GB 1528792 A 18-10-1978
JP S5160804 A 27-05-1976
JP $5916082 B2 13-04-1984
us 4399656 A 23-08-1983
us 4526005 A 02-07-1985

CH 594795 A5 31-01-1978 NONE

DE 3232268 Al 06-10-1983 NONE

DE 2657244 Al 07-07-1977 DE 2657244 Al 07-07-1977
FI 763600 A 24-06-1977
SE 400829 B 10-04-1978

FR 2504099 A2 22-10-1982 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 4 063 780 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
« KR 101670007 B1 [0002]  JP 6325835 B [0007]
e PL217289 B1 [0005]
Non-patent literature cited in the description
¢ J. CHODURY. Instalacje sloneczne. Dobér, montaz « K. KWESTARZ. Magazynowanie ciepla - rodzaje
i nowe konstrukcje kolektorow. Rynek Instalacyjny, magazynow. Czysta Energia, December2016 [0004]

Wyd.: Dom Wydawniczy MEDIUM, Warszawa, 2011
[0002]

10



	Bibliography
	Abstract
	Description
	Claims
	Drawings
	Search report
	Applicant citations

