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Abstract

As arenewable energy source, geothermal mine water systems utilize abandoned mines for heating and cooling and contribute
to the reduction of CO, emissions. There are five different systems for mine water heat recovery, including both open and
closed types. A comprehensive review of geothermal mine water systems worldwide, both planned and existing, as well as
their accompanying studies, shows that such systems have already been installed as heating and cooling applications at more
than 51 sites. Approximately 85 MW of heating and 20 MW of cooling capacity worldwide are currently provided by geo-
thermal mine water systems, and due to rising energy prices, new systems are increasingly being planned and installed. Most
systems have supplied single properties with heating and cooling capacities below 200 KW; however, a trend towards larger
systems that are able to provide energy for entire neighborhoods or districts can be observed. In this study, a comparison of
monitoring results of four locations in Europe and North America shows that the parallel use of mine water for heating and
cooling can achieve seasonal performance factors (SPF) of up to 10 for the overall system. Thus, even with high electricity
prices, operational costs for geothermal mine water energy of between 5 and 10 ct/kWh heat are possible. Therefore, depend-
ing on fossil energy prices, performance factors of over 3 (Europe) or over 3.5 (USA) are feasible.

Keywords Renewable energy - Abandoned mines - CO,-reduction - Heat pump - Mine water - Geothermal energy - District
heating and cooling

Introduction

As mining geothermal systems have evolved at a relatively
high annual rate, this paper updates and expands on the
information provided seven years ago by Grab et al. (2018).
The integration of renewable energy into the energy sup-
ply chain is currently a key issue worldwide. A substan-
tial reduction in CO, emissions is required to meet climate
change targets. Abandoned underground mines can play a
role as a renewable energy source due to their nearly global
occurrence and large water-containing cavities. Thus, they
have great potential for heating and cooling as well as stor-
ing energy.
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Geothermal energy from hydrothermal sources has been
used since ancient times in Greece and Japan as well as in
the Roman Empire. Highly permeable rocks and geothermal
anomalies caused by volcanic activity were widely utilized
(Ernst and Hieblinger 1979; Oelsner 1982).

There are currently around 160,000 disused and 23,000
active metal mines worldwide (Macklin et al. 2023). In
addition, coal mining has played an important role in many
countries, including Germany, the UK (abandoned mines),
the USA, India, and China (Jasansky et al. 2023; Oppelt
et al. 2021).

Deep surface and underground mines require water man-
agement technologies and systems. Ground and surface
water, which constantly flow into the mine, has to be dis-
charged via pumps or water drainage galleries (Bernhard
1992; Dillenardt and Kranz 2010; Huber 1990; Roschlau
and Heintze 1975). In some cases, this is still necessary for
regional active water management many years after closure
of the mine to prevent contamination of surface water and
ground water. In the German Ruhr area, for example, over
92 million m® of water has to be pumped and, if necessary,
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treated annually (Kretschmann 2020). At these locations,
mine water could thus be used for heating and cooling with-
out the need for additional pumping energy.

Flooding of abandoned mines results in large heat-trans-
ferring areas with high hydraulic conductivity and almost
constant temperature stratification in the mine workings.
The enormous geothermal potentials of such areas have been
studied since the 1980 s, for example, in the USA (Jensen
1983) and Canada (Raymond and Therrien 2008). Energy
utilization is also possible where the mines have been
flooded to the level of the drainage galleries with the lowest
hydraulic potential.

Integrating renewable energy into the energy supply
is an important goal for achieving the decarbonization of
the worldwide energy sector. Currently renewable energy
sources have a global share of 12% (~ 30 EJ) of heat-
ing energy (International Energy Agency 2024). Out of
that, geothermal energy currently has a global share of
about 9% in the building sector, and < 1% in industry. A
decisive factor for the high share in the building sector is
the Chinese market, where geothermal energy has a share
of about 50% (=~ 650 PJ) (International Energy Agency
2024). In the European Union, the share is currently less
than 1%, with a share of ~ 8.5% being forecasted for 2026
(48 PJ) (International Energy Agency 2024). Most of the
world’s actual heating demand comes from China, the
USA, the European Union, India, and Russia. Particularly
the European countries, USA, China, and Russia have a
considerable potential to use abandoned mines for energy
recovery and could thus increase their share of renewable
energies in the heating and cooling supply (International
Energy Agency 2024).

This paper, based on the work of Grab et al. (2018),
expands substantially on their review of 123 published geo-
thermal mine water plants worldwide (planned, installed,
closed), and addresses the main technological and economic
considerations for planning geothermal mine water sites.
Monitoring results from four plants in Europe and North
America are used to assess the economic viability of the
systems.

System-Specification

The main system parameters and possible heat extraction
systems for geothermal mine water plants are presented
below. Depending on the regional circumstances, the mine
water can be accessed at various locations, such as pumping
stations (e.g. for pumping out water to protect groundwater
and surface water), water drainage galleries, ascending deep
water (e.g. in shafts), or flooded underground mine work-
ings. From an environmental perspective, several options
are available for reintroducing the mine water into the water
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system to close the mine water cycle. These include surface
water (e.g. rivers), water drainage galleries, and water-filled
mine workings (return to mine).

Besides the options to collect and reinject mine water,
several other site parameters are relevant for planning geo-
thermal mine water plants (Huber 1990; Hall et al. 2011;
Ramos and Falcone 2013; Preene and Younger 2014). These
technical and legal parameters will be described.

Useful Energy

The usable energy or the usable heating and cooling capacity
depends on the usable flow rate and the temperature level.
For best operational parameters, the temperature should be
as high as possible for heating and as low as possible for
cooling. The key variables are therefore the maximum usa-
ble mine water volume flow, the amount of water entering
the mine (mine water renewal rate or groundwater flow rate)
and the maximum (heating)/minimum (cooling) usable and
stable available temperature level of the mine water. Both
the inflowing water and the total volume are of interest here,
as the water in the mine will cool over time due to energy
use if no fresh water is flowing in. The usable potential is
therefore a function of the mixture of inflowing water and
the total volume of water in the mine.

Effort/Losses

For the geothermal system to operate effectively, the effort
required to provide energy should be kept to a minimum. For
example, the pumping head should be as low as possible and
the distance between energy consumers should be as short
as possible. In addition, the energy end users should not be
too far away. Therefore, the key variables are the vertical
distance between water level (possible tapping point) and the
user above ground and the length of the distribution system
to the users with heating and cooling demand. The greater
the distance, the greater the heat loss.

Condition of the Mine

In particular, the cost of constructing and installing a mine
water geothermal system depends on the current condition
of the mine. For example, an active conveyor system and/or
usable access to the mine will reduce construction costs. The
physico-chemical characteristics of the rock mass should
also be considered, as it affects how fast heat can be trans-
ferred from the rock to the mine water, and may also affect
the water chemistry. The water chemistry itself is also an
important factor as, depending on the location, the composi-
tion of the water can cause fouling and clogging in the heat
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potential customers
industry, residential areas, museum, hospital, indoor swimming pool, greenhouse,
agriculture, fish farm
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Fig. 1 Schematic structure of a mine water system with five different possible heat extraction systems with integrated heat pump stations (HP)

for potential customers (a—e)

exchanger and the pipes, which affects the efficiency of the
system.

Relevant in this regard are therefore the existing infra-
structure (shaft hoisting system or pump station), the depth
and spatial expansion of the flooded mine, the accessibil-
ity/stability of the mine area, the water chemistry (possible
environmental hazards, scaling and precipitation), and the
type of rock in the mine (heat conductivity and influence on
water chemistry).

Legal Parameters

From a legal point of view, it has to be clear who is enti-
tled to use the mine. Furthermore, potential limits need to
be observed with regard to the chemical conditions of the
reinjected water.

Further Risks

There are also cross-focus point risks, such as exploration
risks. If the planned route is not hit during drilling, addi-
tional costs will be incurred. Depending on the location,
it may also be important to ensure that the energy use and
associated drilling does not result in an unwanted connection
between the mine and the aquifer, which could contaminate
drinking water, for example. Investigations are also under-
way into the possible seismological effects of mine water

geothermal energy. Initial measurements show no connec-
tion (Nehler et al. 2023).

In addition to the exploration risks, there are also finan-
cial risks if it is not possible to extract the planned amount of
heat and cold, e.g. due to an overestimation of the available
volume flow or excessive fouling in the heat exchanger. In
addition, for long-term economic operation, it is necessary
to ensure that there are sufficient consumers in the vicinity
of the mine water potential that require heating and cooling
over the planned operating period (Gasperikova et al. 2024).

Therefore, the minimum and maximum temperatures of
the reinjected mine water (related to water chemistry and
possible scaling and precipitation) must be known, along
with what the ownership structure of the site look like.
Often, the temperature of the mine water is insufficient for
direct heating applications. In this case, it would be neces-
sary to use heat pumps to provide the relevant temperature.

There are several ways to use the energy of the mine
water (Fig. 1). These will be explained in the following
sub-sections.

a) Open System: Heat Exchanger Above Ground

In open systems, the mine water that discharges at the
surface (e.g. at an adit) is pumped to a heat exchanger sta-
tion where the heat is transferred to an intermediate cir-
cuit or heat pump circuit. Used water is simply returned
to the pumping station outfall or the drainage adit. Main
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advantages of this variant are the low energy demand for
the water circulation pumps and especially their easy acces-
sibility. However, the mine water at the mine adit can have a
lower temperature than other potential mine water extraction
points inside the mine.

b) Open System: Heat Exchanger Located at Surface
(Pumping of Mine Water Below Surface)

If an existing shaft for pumping the mine water to above
ground exists, the water can be transferred into a heat
exchanger (and then via an intermediate circuit to the heat
pump) or directly into the heat pumps. Advantages are firstly
that this water cycle can also be used for cooling and sec-
ondly, that if the water can be returned to the mine, it is also
possible to recover some of the pumping energy by using
the potential energy of the mine water in a generator. The
recovery rate can reach 30-50% (Huber 1990). Alternatively,
the water can be discharged above ground, for example into
a river. Primary disadvantages of such a system are the
energy consumption of the pumps (e.g. depending on the
local energy price, depth) and that the direct supply of mine
water to the heat pump can result in scaling. Consequently,
this variant is not recommended (Huber 1990; Grab et al.
2018).

¢) Open System: Heat Exchanger Located Underground
(Intermediate Circuit Between Mine Water and Heat Pump)

By installing an intermediate circuit between the mine water
and the heat pump, most of the scaling and corrosion in the
heat pump or other components can be prevented. Further-
more, the mine water does not need to be pumped from great
depths to the surface (Huber 1990; Grab et al. 2018). With a
low heating and cooling rate, heat exchange with the tubing
walls may be sufficient to cover demand, saving mine water
pumping and leading to an even better system efficiency.
Most of the drawbacks with this system concern the inac-
cessibility of the underground heat exchangers. Additionally,
shaft refurbishments and maintenance of the underground
heat exchangers might pose problems and the heat exchang-
ers must withstand high hydrostatic pressures. Nevertheless,
this system is the most frequently used (Grab et al. 2018).

d) Closed System

In a closed system, a refrigerant is transported by the ther-
mosiphon principle. This system can also be designed as
a split version with one compressor above ground (with a
long suction line) or underground (with a long discharge
line). If it is possible to access the water-bearing point (e.g.
before flooding), a collector system can also be installed
in the gallery. As these systems use relatively long piping,
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a large mass of refrigerant is required. While selecting the
refrigerant, attention must be paid to possible environmen-
tal issues in case of leakage. If the closed system uses the
thermosiphon principle, no cooling application is possible
(Huber 1990; Grab et al. 2018). Besides refrigerants, water
can be used in a closed system also. An additional circuit
then transfers the refrigerant circuit of the heat pump. This
avoids contamination of the heat pump but also reduces its
efficiency.

e) Surface Mining: Using Open Pit Mine Water

Mine water pumped to drain operating mines can also be
used as an energy source. As the water has to be pumped
anyway, this reduces costs and the pumped mine water can
be used for heating or cooling. Yet, this procedure is nor-
mally limited to the active mining period and the energy can
only be used near existing pump stations and potential cus-
tomers. The temperature is also often lower than in systems
where mine water is used deeper in the mine.

In the following sections, details will be given expanding
the information published in Grab et al. (2018) and provid-
ing a worldwide overview of currently operating and aban-
doned mine water geothermal systems. Furthermore, plants
under construction and visibility studies will be presented.
In the results and discussion section, the mine geothermal
plant data is evaluated and graphically presented. In addi-
tion, monitoring data from four plants will be compared and
the economic viability of these plants will be assessed and
compared to using fossil fuels.

Methods

During an extensive literature review, the data provided
in freely available presentations, lectures, conference pro-
ceedings, internet pages, technical literature, and published
papers were compiled. In addition, plant owners were con-
tacted and asked for plant data and corresponding character-
istics for the compilation. The results are listed in Table 1.

The four plants that will be described in detail are located
in Europe and North America. They are the Reiche Zeche
and Ehrenfriedersdorf mines in Germany, the Markham
mine in the UK, and the Butte mine in the USA.

Reiche Zeche Silver Mine

The flooded Reiche Zeche plant in Freiberg (Germany) sup-
plies several university buildings with heating and cooling.
In general, the mine water can be used for cooling or heating.
During summer, cooling is the main requirement; the ~ 14
°C warm water from the mine’s main drainage gallery can be
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Table 1 Overview of existing geothermal mine water systems (a: after heat pump, b: before heat pump, c: cooling, coa: coal, d: decommissioned, h:
s.w.: sump water, u.c.: under construction, w: working)

heating, i: in, o: out, p: planned, s: study,

No  Name/place Country Raw mate-  Depth in m ti/t, in °C V in m*/h 00y inkW 0, JO,.inkW Customer Status (year)  Source

rial

la Rothschon- DE Ag 220 14/- - 600/800 —/- Hospital w. (2014) Johnson Con-
berger Stolln/ trols (2013), Ulbricht
Freiberg (2013)

1b Rothschon- DE Ag 228 15118/17113 56 155/200 155/- University w. (2013) Bauconzept Dresden
berger Stolln, GmbH (2015), Grab
Reiche Zeche/ et al. (2010)
Freiberg

1c Alter Fiirsten- DE Ag 55 10.2/- 22 96/130 120/—- Museum w. (2009) Lagerpusch (2010),
stollen/ Hall et al. (2011),
Freiberg Batchelor et al.

(2015)

2 Wismut- DE U 105 12/7 120 700-830/800-  —/— Indoor swim-  w. (2007) Wieber and Ofner
Schacht 302/ 1700 ming pool (2008), Lagerpusch
Marienberg (2010)

3 Walfisch-Stol- DE Sn 12 —/— - /15 —/— Residential w. (2008) Lagerpusch (2010),
len, Weille building Mineralienatlas -
Villa/Pober- Fossilienatlas (2015)
shau

da Nord-West- DE Sn 100 10/- - 65/95 66/— School w. (1994) Wieber and Ofner
Feld/Ehren- (2008), Lagerpusch
friedersdorf (2010), Debes (2012)

4b Revier Sau- DE Sn 110 11/4 22 82/120 —/— Museum w. (1998) Wieber and Ofner
berg/Ehren- (2008), Kissing
friedersdorf (2009), Lagerpusch

(2010), Raube
(2012)

5a Grube DE U 90 11/5 14 100/200 —/- School w. (2013) Vater (2012), Debes
Schlema- (2012), Wismut
Alberoda/Bad GmbH (2012),
Schlema Ramos et al. (2015)

5b Projekt “Leon”/ DE - 102 21/- - —/- —/- Residential w. (2007) Debes (2012), Vater
Bad Schlema building (2012), Lande-

samt fiir Umwelt,
Landwirtschaft und
Geologie (2012)

JUSWUOIIAUF DY} pUB ID)BA UL
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh’ h/Qa, , in kW 'Qh, C/Qa_c in kW Customer Status (year) ~ Source
rial

6 —/Zwickau DE Co 625 24/10 30 500/600 —/— University w. (2018) Roder (2012), Sun-
beam GmbH (2013),
Rdéder (2015), Séch-
sisches Staatsminis-
terium fiir Finanzen
(2018)

7 Rohrig Schacht, DE Ag 220 14/- - 600/860 /- Museum w. (2013) Koch (2012), Hoft-
Segen-Gottes- mann et al. (2015),
Stollen/Wet- Ramos et al. (2015)
telrode

8 Zeche Auguste DE Coa 700 16-21/- - 70/— /- Residential w. (2010) RAG Deutsche Stein-
Victoria/Marl building kohle (2009), Lintker

(2014), Bracke and
Bussmann (2015),
Louie (2015), Thien
(2015)

9 Zeche Robert  DE Coa 570 20/— 40 —/690 —/— School, Public  w. (2012) Raube (2012),

Miiser/ building Willmes and Biicker
Bochum (2014), Bracke and
Bussmann (2015)

10 Zeche Zollver- DE Coa 950 29.8/28.5 522 790/— —/— Museum w. (2000) Wieber and Ofner
ein/Essen- (2008), RAG
Katernberg Deutsche Stein-

kohle (2009), Debes
(2012), Thien (2015)

11 Tagebau DE Coa - 22-26/18 70 /620 /- Buildings w. (2014) EnergieAgentur NRW
Hambach/ (2014), Thien (2015)
Bergheim

12 Eduard DE Coa 860 22-26/- - /420 /- Buildings w. (2018) Clauser et al. (2005),
Schacht/Als- Schetelig et al.
dorf (2005), Stiiber

(2012), GrEEN
(2015)
13 Stadtstollen/ DE Pb, Zn 800 25/- 100 500/600 —/— Public building w. (2018) Lahntal Tourismus
Bad Ems Verband e. V. (2020),
Hickel (2018),
Miinch (2018)
14 —/Landsweiler- DE Coa 800 32/24 50 450/- —/— Public building w. (2012) Rosenkreis

Reden

Neunkirchen (n.D.),
Frisch (2008)

JUSWUOIIAUZF DY} PUB ID1BAN BUI
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m #i/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year)  Source
rial T o

15  —/Novoshakht- RU Coa 50-150 12-13/5-7 956 7800/10900 /- Public build- w. (2007- Joint Implementation
insk, Rostov ings 2009) Supervisory Com-
Region mittee (2007)

16 Mimer mine/ SE Fe 300 4-7/- - —/180 /- Buildings w. (1985) Arkay (1993), Wolf
Norsberg et al. (2007)

17 —/Ljusnarsberg SE Cu 310 2-13/- - —/— /- Buildings w. (=) Arkay (1993)

18 Kings mine/ NO Ag 330 16/—- - 12/- /- Festival room  s. Banks et al. (2003,
Kongsberg 2004), Hall et al.

(2011), Preene and
Younger (2014)

19 Bohrung SK Coa 1851 58/11 50 2733/- —/- Supply mine w. (2001) Halmo (2010)
S1-NB-II/ air
Laskar,

Novaky

20 Sobieski mine/ PL Coa 500 —/— 65 —/— —/— Mine bath- w. (ca. 2006) Karpinski and

Jaworzno house Sowizdzat (2018),
Walls et al. (2021)

21 Prokopschacht/ CZ U - 28/18 36 419/500 /- Public build- w. (1989) Myslil and Frydrych

Pribram ings (2005), Wolf et al.
(2007)

22 Hachov-Plana/ CZ U - —/— - —/— —/— Mine buildings  w. (1989) Wolf et al. (2007)
Marienbad

23 —/Zagorje ob SI C 450 27.6/- 2.9 —/— —/— Research unit ~ w. (ca. 2012)  Vidrih et al. (2012),
Savi Op't Veld (2012)

24 Oranje Nassau/ NL Coa 700 (h), 250 (c) 28 (h)/-16 120(h) 230(c) —/— —/— Buildings w. (2013) Verhoeven et al.
Heerlen (c)/- (2013), Jones et al.

(2014)

25 Ochilview/ GB Coa 170 14.5/3 - /65 —/- Residential d. (2001 ca. Banks et al. (2003),
Lumphin- buildings 2020) Wieber and Ofner
nans, Schott- (2008), Preene and
land Younger (2014)

26 Glenalmond GB Coa 100 12/- 10.8 —/65 /- Residential d. (1999-ca.  Wieber and Ofner
Street/Shet- buildings 2020) (2008), Hassani et al.
tlesston, (2011), Preene and
Glasgow Younger (2014)

27a  “East of Wear” GB Coa - 19/- <100 /12 /- Office build- w. (2011) Bailey et al. (2013),
mine area/ ings Preene and Younger
Dawdon, (2014)

County Dur-
ham

JUSWUOIIAUF DY} pUB ID)BA UL
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year)  Source
rial T o
27b  Seaham Garden GB Coa - 18-20/— 360-540 4000-6000/— —/- District S. Bailey et al. (2013),
Village, Daw- The Coal Authority
don, Country (2020), Wood and
Durham Jeremy (2020)
28a  Markham Col- GB Coa 235 15.4/13.5 15-26 34-58/54-78 /- Office build- w. (ca. 2015)  Athresh et al. (2015)
liery Shaft 3/ ings
Markham
28b  Gateshead GB Coa 150 —/— - —/6000 ~/ District W (2023) The Coal Authority
Council, (2023)
Gateshead
28c  Nest Road, GB Coa 131-280 13-14/- 144 -/1200 —/— District s. Banks et al. (2022)
Gateshead
29 Hope Shaft, GB Coa 143-156 14-15/- 120 -/10.5 —/- Museum w. (2015) Athresh et al. (2016),
Caphouse Athresh (2017),
Colliery/ Banks et al. (2019b)
Overton
30 South Wales GB Coa 65 11.5/- 7 /35 —/- Farm w. (2014) Bailey et al. (2013),
coal area/ Preene and Younger
Crynant (2014)
31 Mount Wel- GB Sn - —/— - —/20 —/— Office and fac- w. (2008) Preene and Younger
lington tory buildings (2014)
mine, St Day
Cornwall
32 Barredo shaft, ES Coa - 23/18 330 —/2630 /- Buildings, e.g.  w. (2016) Loredo et al. (2011),
Mieres, Cen- University Jardon et al. (2013),
tral coal basin Al-Habaibeh et al.
of Asturias, (2019), HUNOSA
Asturien (2019)
33 —/Springhill, CA Coa 140 18/11 (h), 17 14.4 (h), 16.8 111/~ 159/- Factory, Res- w. (1989) Jessop et al. (1995),
Nova Scotia (c) (c) taurant Banks et al. (2003),
Raymond and Ther-
rien (2008), Wieber
and Ofner (2008),
Herteis (2015)
34 Marvine mine US Coa 122 14/16 - —/- /- University w. (2010) Korb (2012)
pool/Scran-
ton, Pennsyl-
vania
35  —/Kingston, usS Coa - 16/11 20.4 130/— /- Recreation w. (1981) Korb (2012)
Pennsylvania center

JUSWUOIIAUZF DY} PUB ID1BAN BUI
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year)  Source
rial T o
36 Keweenaw UsS Cu 90 13-18/8-13 20 —/— —/— - w. Louie (2015)
Research
Center/
Calumet,
Michigan
37 —/Park Hills, us Pb 122 14/- 16.9 /113 —/— Office building  w. (1995) GeoExchange (2002),
Missouri Wieber and Ofner
(2008), Hall et al.
(2011)
38 Henderson UsS Mo - 30/4 226-285 5900/- —/— Heating shaft ~ w. (1983) Jensen (1983)
Molybdenum
mine/Hender-
son, Colorado
39 Orphan Boy (SN Au, Ag, Cu, 245 20-27(h) 18-20 108/147 100/120 University w. (ca. 2014) Montana Department
mine/Butte, Zn, Mn 24-35(c) of Environmental
Montana Quality (n.D.),
Thornton (2013),
Malhotra et al.
(2014)
40a  Zhang-shuan- CN Coa 1250-2000 11-33(h) 180-1100 —/647-4750 —/649-1800 Buildings w. (2010) Guo et al. (2017)
glou Coal 37-39(c)
mine/Xuzhou
City
40b  Jiahe mine/ CN Coa 1000 36/— 95-135 —/3722 —/— Heat borehole ~ w. (2007) He (2009), Guo et al.
Xuzhou City (2014), Guo et al.
(2017)
40c  Sanhejian CN Coa 1000 25-30/— 50-60 —/3386 /- Heat borehole ~ w. (2007) He (2009), Guo et al.
mine/Xuzhou (2014), Guo et al.
City (2017)
41 Uranerzgrube  DE U 40 13/- - —/—- —/— Operation w. (2021) Jenk (2020)
Konigstein/ buidlings
Konigstein
42 Grube DE U - 27/- - —/2400 —/— Commerce and  s. Vater (2012), Grab
Schlema- Residential et al. (2018)
Alberoda/Bad buildings
Schlema
43 Schacht 383/ DE Cu 100 20-25/11-16 100 1000/- —/— Industrial S. ReSource (2011)
Aue buildings

JUSWUOIIAUF DY} pUB ID)BA UL
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh,h/Qa,h in kW 'Qh, C/Qa_c in kW Customer Status (year)  Source
rial
44 Schliissel DE Cu 79-90 8-12/- 1200 1400/- —/— Industrial S. Hoffman and Joppich
Stollen/ buildings (2012), Lau (2012)
Friedeburg,
Hettstedt-
Burgorner
45 Wiedersted- DE Cu <5 10-12/- 120 —/- /- Castle p- Mansfelder Kupfer-
ter Stollen, spuren (2012); ncn
Wiederstedt KG (2012) Lau
(2012)
46 Kaiser Wilhelm DE Pb, Zn 50-700 13/8 20 71/97 —/— University S. Ramos et al. (2015)
II Schacht/
Clausthal-
Zellerfeld
47a  Ibbenbiiren DE Coa - 13/6 119 900/1300 —/— - S. Landesamt fiir
Ostfeld Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018)
47b  Ibbenbiiren DE Coa - 13/6 457 3700/5000 —/— - S. Landesamt fiir
Westfeld Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018)
48a  Haus Aden/ DE Coa 600 25-29/- 1440 —/- /- District p. Landesamt fiir
Bergkamen Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018), Tatenhorst
(2018), Altieri et al.
(2018)
48b  Haus Aden/ DE Coa 600 20/6 1100 23,600/30,600 —/— - S. Landesamt fiir
Bergkamen Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018)
49a  Zeche Dannen- DE Coa 300 (c)-800 (h) 18/— - —/- —/- Business loca-  p. Peper (2019)

baum, Mark
51°7/Bochum

tion
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m #i/t, in °C V in m3/h Qh,h/Qa,h in kW 'Qh, C/Qa_c in kW Customer Status (year)  Source
rial
49b  Robert Miiser/ DE Coa 445 20/6 1210 19,600/25,400 —/— - S. Landesamt fiir
Bochum Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018)
49¢  Friedlicher DE Coa 165 20/6 972 15,700/20,400 —/- - S. Landesamt fiir
Nachbar/ Natur, Umwelt und
Bochum Verbraucherschutz
Nordrhein-Westfalen
(2018)
50 Prosper Haniel/ DE Coa > 1200 25-30/- - 500/— /- Commerce and ~s. Bracke and Bussmann
Bottrop residential (2015), Bracke et al.
buildings (2015)
51a  Zeche Hein- DE Coa 280 18/6 2280 31,400/41,000 —/— — S. Landesamt fiir
rich/Essen Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018)
51b  Zeche Amalie/ DE Coa 850-1000 26 - - - District p. Altieri et al. (2018)
Essen
51c  Zeche Hein- DE Coa 335480 —/— 20 6.8/ 15.2/- Retire—ment d. (1984 Landesinitiative Zuku-
rich/Essen home 2004) nftsenergien NRW
(2004), Wolf et al.
(2007), Wieber and
Ofner (2008), RAG
Deutsche Steinkohle
(2009), Landesamt
fiir Natur, Umwelt
und Verbraucher-
schutz Nordrhein-
Westfalen (2018)
52 Lohberg/ DE Coa 640 35/6 3970 128,500/157,300 —/— - S. Landesamt fiir
Dienslaken Natur, Umwelt und
Verbraucherschutz
Nordrhein-Westfalen
(2018)
53 Walsum/Duis- DE Coa 746 29/6 910 23,700/29,700  —/— - S. Landesamt fiir
burg Natur, Umwelt und

Verbraucherschutz
Nordrhein-Westfalen
(2018)
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year)  Source
rial T o

54 Garzweiler DE Coa S.W 13/6 12,560 101,900/136,000 —/— - S. Landesamt fiir
Tagebau/ Natur, Umwelt und
Jiichen Verbraucherschutz

Nordrhein-Westfalen
(2018)

55 Hambach DE Coa S.W 22/6 37,100 664,000/856,700 —/— - S. Landesamt fiir
Tagebau/ Natur, Umwelt und
Niederzier Verbraucherschutz

Nordrhein-Westfalen
(2018)

56 Schwefelgrube DE FeS,,Ba— - 17/6 194 2400/3100 —/— - S. Landesamt fiir
Meggen/Len- SOy, Zn Natur, Umwelt und
nestadt Verbraucherschutz

Nordrhein-Westfalen
(2018)

57 Grube St. DE Fe 730 13/8 11 100/- —/— Residential S. Wieber (2010)
Andreas/ buildings
Bitzen

58 Grube Huth/ DE Fe 465 10/5 12 69/— —/— Industrial, S. Wieber (2010)

Hamm (Sieg) commerce
and Residen-
tial buildings

59 Grube Kup- DE Fe - 10/5 13 78/- /- Swimming S. Wieber (2010)
ferener Kes- pool
sel/Seelbach
bei Hamm

60 Grube Hohe DE Fe 430 10/5 >6 > 36 —/— - S. Wieber (2010)
Grete/Pracht-

Wickhausen

61 Grube Alte DE Fe 200/300 10/5 > 15 > 87 —/— Company S. Wieber (2010)
Hoffnung/ building
Trinke/Bre-
itscheid

62 Grube Georg, DE Fe 850 17-22/13-18 194 (h), 441 900/1200 5100/— Comercial area, s. Miinch (2009), Miinch
Schacht 2/ (h) (c) industrial et al. (2010), Wieber
Willroth 17-25/36 (c) buidlings (2010)

63 Neuhoffnungss- DE Pb, Zn - 10-25, 60/- 14 —/129 /- Company bui- . Wieber and Ofner
tollen/Bad dling, Prayer (2008)

Ems house
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year)  Source
rial T o

64 Cherno More ~ BG Coa - 16/ - —/70-80 /- ABYV Furniture s. Remining Lowex

mine/Burgas Factory (2012), Vidrih et al.
(2012), Op't Veld
(2012)

65 Folldal mine/ NO Cu, Zn, S 600 6/— - —/18 —/- Museum d. (1998- Banks et al. (2003),

Folldal 2008) Hall et al. (2011),
Ramos et al. (2015)

66 Saturn mine, PL Coa 188 12-14/- 1440 —/— /- Historical mine s. Malolepszy et al.
Pawel Shaft/ building (2005), Vidrih et al.
Czeladz (2012), Op't Veld

(2012)

67a  Szombierki PL Coa 510-630 24/19 290 1690/2250 —/— Residential S. Gzyl et al. (2016),

mine/Bytom buildings Janson et al. (2016),
LoCAL Deliver-
able 1.7 Report
from Bytom (PL)
predictive modelling
(2017)

67b  Powstaricow/  PL Coa 500-760 23/18 179 1040/1380 /- - S. Gzyl et al.(2016),
Bytom LoCAL Deliver-

able 1.7 Report
from Bytom (PL)
predictive modelling
(2017)

68 Debierisko/ PL Coa - 18/- 574 3340/4450 /- - S. Gzyl et al.(2016),
Czerwionka- LoCAL Deliver-
Leszczyny able 1.7 Report

from Bytom (PL)
predictive modelling
(2017)

69 —/Nowa Ruda  PL Coa 460/890 23/4 72 1600/— /- - S. Malolepszy (2003)

70 Alter Stollen/  SK Coa - 18/7 216 —/— —/— Residential S., p- Halmo (2010)
Handlova buildings

71 —/Recsk HU Cu 1160 29/- 72 2.5 /- Medicinal s. Toth and Bobok

baths, Hotels (2007), Dillenardt
and Kranz (2010),
Hall et al. (2011)

72 Anezka/Dolni CZ Coa 24 10/2 1.2 11/~ -/ Town hall, S. ENERGONPLAN
Rychnov Welfare s.r.o. (2011)

buidlings
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Table 1 (continued)

No

Name/place

Country Raw mate-
rial

Depth in m

t/t, in °C

Vin m*/h

Qb,h/ Qa,h in kW

Qh,C/Qa.c inkW

Customer

Status (year)

Source

73

74

75

76a

76b

77

78

79

80

81 a

82a

Kimich II/
Pilsen

Kohlenmulde/
Fohnsdorf

Trbovlje-
Hrastnik
coal-mine/
Hrastnik,
Trbovlje

Bore KT-1/97/
Zagorje ob
Savi

Bore Fk-1/97/
Zagorje ob
Savi

Morandat mine/
Gardanne

Freyming-Mer-
lebach mine/
Freyming-
Merlebach

Monktonhall
Colliery/Mid-
lothian

—/Mossend,
North
Lanarkshire

Florence shaft,
Ullcoats-Flor-
ence-Beck-
ermet mine/
Egremont

Florence shaft,
Ullcoats-Flor-
ence-Beck-
ermet mine/
Egremont

Hasketh mine-
shaft/Chatter-
ley Whitfield

CzZ Coa

AT Coa

SI Coa

SI Coa

SI Coa

FR Coa

FR Coa

GB Coa

GB Coa

GB Fe

GB Fe

GB Coa

325

750

880-1109

1250

900

35

18

16/—

30/10

40/14

425/30-32

180/13

25/-

52/20

13/8

11-12/-

11-12/-

12/10

144

41

36

40-43

108

27

446

144

1660/—

—/900

/-

/-

/-

1150/1500

/-

103/-

> 2000/-

668/—

—/—

/-

/-

/-

-

/-

/-

Residential
buildings

Office build-
ings

Swimming
pool, School
gym

Joint Develop-
ment Zone

S., p-

d. (1992)

Uhlik and Baier (2012)

Bieg et al. (2013)

Butolen (2010)

Butolen (2010)

Butolen (2010)

Op't Veld (2012),
brgm (2014)

Minewater Project
(2011)

Banks et al. (2003),
Minewater Project
(2011)

Banks et al. (2009)

Banks et al. (2019a)

Banks et al. (2019a)

Athresh (2017)
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m #i/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year)  Source
rial T T

82b Hasketh mine- GB Coa 18 12/10 14.5 -/90 —/— Enterprise S. Athresh (2017)
shaft/Chatter- centre
ley Whitfield

83 Caerau col- GB Coa - 20/- - —/—- —/— Commerce and  s. Braham et al. (2020)
liery/Caerau residential

buildings

84 Fondén shaft,  ES Coa - 23/-(h) 85 (c) - 3000/— —/3000 University, w. (2022) Benito (2022),
Mieres, Lan- Buildings, HUNOSA (2024)
greo, Central Football
coal basin of stadium, ...
Asturias

85 Laciana Valley ES Coa 180 14.4/9.4 - 1072/- /- buildings S. Matas-Escamilla et al.
District/Villa- (2023)
blino

86 Sierra Alma- ES Fe - 75-190/25 634 38,100-120,800 —/— - S. Navarro and Carulla
grera mines/ (2018)
Almeria

87 Con mine, CA Au 400 35-25 21 240/300 —/— - S. Ghomshei (2007)
Robertson
Shaft/City of
Yellowknife,
Northwest
Territories

88 Gaspé mines, CA Au 670 7/3 176 765/1020 —/—- Commerce area s. Raymond et al. (2008),
Shaft P1100/ Raymond and Ther-
Murdochville, rien (2008), (2014)
Québec

89  MacIntyreund CA Cu 250 12-13/- - —/- /- Arena, Hospital s. Hall et al. (2011)
Hollinger
mine/Tim-
mins, Ontario

90  Bruce mine/ CA Cu 103 8/— 14 —/- /- Buildings, S. Jarvie-Eggart (2015)
Lake Huron, Green—
Ontario houses

91 Hancock Shaft US Cu 60 —/—- - —/- —/- - S. Liu et al. (2015), Bao
2/Hancock et al. (2018)
City

92a  —/Kingston us Coa 87 13/- - —/— /- Shopping d. (ca. 1999)  Korb (2012)

Pennsylvania

center, Radio
shack
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Table 1 (continued)

No  Name/place Country Raw mate-  Depth in m t/t, in °C V in m3/h Qh h/Qa , in kW 'Q[7 C/Qa .in kW Customer Status (year) ~ Source
rial T o

92b  —/Kingston UsS Coa - —/— - —/— —/— Medical center d. (2000 s) Korb (2012)
Pennsylvania

93 —/Carbondale  US - - —/— - —/— —/— - d. (1990 s) Korb (2012)

94 —/Hill District, US Coa - 14/- 23 —/— —/— Church d. (2009) Ove (2008), Burtner
Pittsburgh et al. (2009), Korb

(2012)

95 Panther Creek ~ US Coa - —/- 18 —/- —/- Head-quarters . Illinois Department
mine #2/ of Military Affairs
Springfield, (27.04.15)

Illinois

96 Britannia Cop- CA Cu 1250 15/7.5 600 960— —/— - S. Hall et al. (2011),
per mine/Bri- 4000/1200— Grasby et al. (2012)
tannia Beach, 5000
British
Columbia

97 —/Saint-Bruno- CA - - —/— - 130-190/- —/— Apartments d. (2006-?) Raymond and Therrien
De. Montar- (2008)
ville

98 Blahodatna/ UA Coa - 17/- 200 —/800 —/— - w. (2011) Rudakov and Inkin
Western (2022)

Donets Basin

99 Xiezhuang CN Coa - 9-12/- 426 —/4343-5227 —/- Mine air supply w. (2006) Yu et al. (2008)
mine/Taian
Shandong

100a Zhaolou mine/ CN Coa 860-1000 26 800 /7500 17,000/- Mine air supply w. (2014) Yi (2015)
Shandong

100b Jisan mine/ CN Coa 556 22 583 8700/12,200 /- Mine air supply w. Feng et al. (2018)
Shandong

101  —/Pingsing- CN Coa S.W. 15 500 —/5000 —/— Buildings w. (2016) Wang et al. (2018)

sham, Henan
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Fig.2 Planned, working and =
abandoned mine water geo-
thermal plants in Germany and
Europe, according to Grab et al.
(2018) and Oppelt et al. (2023)
(A: under construction/study,
{): abandoned, o: working)

:jjo abandoned

e working v

used. When the heating demand is greater during winter, 19
°C rising deep mine water can be utilized. In total, a heating
capacity of 175 kW and a cooling capacity of 100 kW can
be provided (Oppelt et al. 2021, 2023).

Ehrenfriedersdorf Mine

Tin, lead, iron, and silver were mined at the abandoned Ger-
man Ehrenfriedersdorf mine since the thirteenth century.
When the mine was closed in 1990, it was flooded and since
then the mine water has been available at a temperature of
10-12 °C. Since 1998, this mine water has been used to heat
the rooms of the visitor mine with a heat pump and a heating
capacity of 120 kW (Hosel 1994; Rottluff 1998).

Markham Mine

In Markham (Wales, UK), water from the flooded coal mine
has been used for heating since 2012. A 20 kW heat pump is
used to increase the initial mine water temperature of 13—-14
°C to 55 °C, which is then used for heating. Designed as an
open system, mine water is pumped to the surface, where
heat is transmitted to a heat exchanger (Athresh et al. 2015;
Burnside et al. 2016a, b; Banks et al. 2019a, b).

Butte Copper Mine
Butte (Montana, USA) began flooding its former coal mining

area in 1982. In 2011, a mine water geothermal system was
built that uses water from the Orphan Boy shaft to supply a

» under construction, study-Z

e working

o abandoned

Fig.3 Planned, working and abandoned mine water geothermal
plants in North America, according to Grab et al. (2018) and Oppelt
et al. (2023) (A: under construction/study, (}: abandoned, o: working)

175 kW heat pump (Gammons et al. 2006; Malhotra et al.
2014; Liu et al. 2016).

Results and Discussion

Fifty-one active plants for regenerative mine water heat
supply were identified in Europe and North America. The
locations of these operating plants, including plants that are
closed, planned or under construction, are tabulated and
compiled in maps (Table 1; Figs. 2, and 3). In addition, seven
plants were identified in China. Most of the listed plants are
located in Germany, the UK, and the USA. However, similar

@ Springer
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Fig.4 Development of the 7 PETI 140
implemented or abandoned ormrmissioned oil price average (January-July 2023)
mine water systems worldwide 6 L 120
compared to the oil price over [——Jdecommissioned _
time. Values oil price: (OPEC L &
and IEA 2020), according to ) 5 oil price 100 3
Oppelt et al. (2021) S LS
24 80 ¢
2 £
o [}
< ke
L3 60 &
S S
c 2 40 o
ge]
2
1 20 °
0 0

year comissioned/decommissioned

studies on the reuse of old mines have likely been carried out
in other countries, but not yet published in the international
literature.

A principal reason for the concentration of mine water
geothermal plants in central Europe can be the long history
of mining as well as the high population density, meaning
that there is an appropriate heat demand by customers. Yet,
there are many locations in Eastern and Southern Europe,
with obstacles, such as a lack of customer structures and
potential investors for providing financial support. Another
potential area to conduct further research is North America,
as there are many closed and flooded mines. However, the
low population density (e.g. Canada) and thus missing cus-
tomer structures at former mining sites represents a major
barrier to operate mine water geothermal plants.

For historical reasons, mines in Eastern Germany (e.g.
Erzgebirge) were closed and flooded earlier than the hard
coal mines in the Western German Ruhr area. Consequently,
this resulted in the implementation of one of the first plant
concepts in the Erzgebirge region in the 1990 s whilst most
of the Ruhr area is in the early stages of structural change.
Initial studies (Landesamt fiir Natur, Umwelt und Verbrauch-
erschutz Nordrhein-Westfalen 2018) provide insight into
the large mine water geothermal potential to supply energy,
which will result in the planning of further mine water
plants. However, despite the long period of active mining,
there were also small projects in the Ruhr area in the 1980s
that used mine water for energy generation (e.g. 51c, Zeche
Heinrich/Essen).

Globally, there are 51 active mine water geothermal
plants, and 61 planned or ongoing studies on the subject.
Eleven plants have been closed down or are out of opera-
tion. However, there is no evidence from the sites surveyed
that there is a general requirement to decommission plants

@ Springer

after a certain (short) lifetime. For example, the systems
in Ehrenfriedersdorf (4a and 4b) have been in continuous
operation for more than 25 years, while the plant in Folldal
(63) was decommissioned after 10 years due to a heat pump
defect (Ramos et al. 2015).

Economic criteria need to be established to support the
use of mining infrastructure for both heating and cooling.
As the renewable energy source is in competition with fos-
sil fuels such as oil and gas, their economic viability is still
largely reliant on the volatile prices of fossil energy sources.
However, the oil price (and therefore the general energy
prices) has been rising steadily from 1998 to 2012 (Fig. 4).
From 2007 onwards, at least two new mine water geothermal
plants were put into operation each year, with the peak being
reached in 2013 and 2014 with six new plants annually.

This analysis highlights the escalation in energy prices,
which is leading to extended planning and delayed deploy-
ment of mine water systems. It is not yet possible to predict
the influence of the sharp rise in energy prices in 2022. How-
ever, it is expected that more plants will be commissioned,
supported by the political decision to reduce gas imports to
Europe. How fossil fuel prices affect the economic viability
of mine water geothermal plants is discussed below.

Most of the currently installed plants have a heat output
of less than 200 kW, as mine water has mainly been supplied
to individual consumers (Fig. 5). However, there is a trend
towards larger plants. This can be seen for the heat output
of the Mieres plant (32 and 84), (Loredo et al. 2011; Al-
Habaibeh et al. 2019; HUNOSA 2019; Benito 2022) and the
Gateshead (28b) plant (Coal Authority 2023), which both
have a capacity of 6 MW. In the German Ruhr area, an entire
urban district close to the former “Haus Aden” mine will
require the active management of mine water, which can be
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Fig.5 Researched and calcu- 12 % =
lated geothermal power for heat- Wworking ()
ing and cooling of the working, mworking (c)
- 10 +
planed, abandoned mine water
study (h)

systems and studies (h: heating,
c: cooling), according to Oppelt
et al. (2023)

number of systems
(@)
1

Bstudy (c)
Babandoned (h)

geothermal heating/cooling power in kW

Table 2 Comparison of the monitoring key performance indicators of four operational mine water geothermal plants in Europe and North Amer-

ica

Reiche Zeche Freiberg (GER, 1b) Ehrenfrieders-dorf Markham (GRB, Butte (USA, 39)
(GER, 4b) 29)
Temperature mine water in °C 19/14 12 13.3 20-27
Operating modes Winter (more heating)/summer (more Heating Heating Heating
cooling)

Heating (cooling) power in kW 200 (155) 120 20 175

SPFy, (heat pump) 3.6/~ 3.8 3.6 4

SPFyy¢, (total system) 4.2/7 3.6 1.6 35

Full-time hours per day in h 4.0 33 5.5 5.8

Data: own monitoring and Athresh et al. (2015) (h: heating, c: cooling)

used for heating and cooling purposes (48a and b) (Altieri
et al. 2018).

Supplying many consumers at one location requires a
heating or cooling network, which involves further invest-
ment costs. As the review shows, only a few plants provide
cooling, and it is rarely considered in the researched studies.
Yet, adding cooling to a mine water geothermal plant could
be essential for its economic efficiency, since mine water
can be used for cooling without installing heat pumps. In
the case of a combined heating and cooling system, the fluid
that has cooled down after being used for heating can then be
used for cooling, which provides an extra benefit with very
little additional expenditure (e.g. for pumps).

This can specifically be seen when comparing the four
plants’ performance factors (Table 2). The performance fac-
tor is an indication of how much useful energy (heating and
cooling) can be generated from a kilowatt hour of energy
used to operate the system (see Gehlin et al. 2022). The
higher this parameter, the better the system runs. Of the four,
only the Reiche Zeche plant has an additional cooling option.

As a result, the entire system, including all mine water and
intermittent circulating pumps, attains a seasonal perfor-
mance factor (SPF) greater than 7 during summer. High
performance factors for the whole system are also possible
in winter because, in addition to using mine water for heat-
ing, laboratories and server rooms are cooled. Comparing the
performance factors of the heat pumps shows that Butte and
Reiche Zeche have the highest SPFH (Seasonal Performance
Factor Heating), which is partially due to the high tempera-
ture of the mine water. In these two systems, the temperature
increase that is required to supply the heating system is lower
and consequently results in higher system efficiencies. The
geothermal system in Markham has the lowest SPF because
it actively pumps water above ground, and the pumping costs
therefore make it harder for the plant to operate economically.

A comparison of the four plants’ full load hours shows
that they either run only a small part of the day or only at
partial load. Therefore, there is a future development poten-
tial to increase the plant’s operating hours by suppling addi-
tional consumers.
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operating price geothermal mine water system in ct/kWh
2

SPF total system

20
electricity price in ct/kWh

10 30

40

heating oil (EU)
natural gas (EU) biomass (EU)
max. 2022 ... natural gas (EU) year mode
50 location: Great Britain
SPF,: 3.6

Reiche Zeche Freiberg Exhibition mine Ehrenfriedersdorf

summer mode (more cooling)
location: Germany
SPFycs: 7
electricity price: 30 ct/kWh*

winter mode (more heating)
location: Germany
electricity price: 30 ct/kWh*

Fig.6 Operating costs of a geothermal mine water system as a func-
tion of SPF and electricity price for various example plants compared
to costs of other energy sources in the USA (grey dotted lines) and

In order to assess the economic viability of the four inves-
tigated mine water geothermal systems, the production costs
for one kWh of heating or cooling from the mine water were
calculated. These costs include the cost of electrical energy
used (e.g. mine water pumps, compressor heat pump), the
performance factors of the whole system and the costs for
maintenance or service. As can be seen, these vary consider-
ably, specifically as electricity prices or SPSs of the whole
system vary (Fig. 6).

Conclusion
A total of 123 mine water geothermal plants and studies

were reviewed. Most of these plants are in Europe and North
America and have a capacity of less than 200 kW. However,
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Butte, Montana

4
natural gas (USA)

6
year mode
location: USA
SPF,4: 3.5
L8 electricity price: 15 ct/kWh*

district heat (EU)
L 10

L 12

heating oil (USA) |

electricity price: 39 ct/kWh*

year mode
location: Germany
SPF,4: 3.8
electricity price: 25 ct/kWh*

*Electricity price assumed/
estimated |
conversion from national
currency

Europe (black dotted lines). Data, pictures: Malhotra et al. (2014),
Burnside et al. (2016b), Banks et al. (2019b)

there is a clear trend towards plants with a capacity of more
than 1 MW. A comparison of the average crude oil price per
year with the number of mine water geothermal plants built
shows that an increase in the cost of fossil fuels will lead to
an increased expansion of mine water geothermal energy
systems. The effects of high gas prices in 2022 and 2023
is not yet apparent. However, it is expected that more mine
water projects will be realized, as many countries have legal
requirements to increase the use of renewable energy.
Comparing the monitoring data from four mine water
geothermal plants in Europe and North America shows that
performance factors above 7 are possible when heating and
cooling is combined. For heating only, performance factors
above 3.5 are possible over the whole season. If mine water
has to be pumped from greater depths, the efficiency of the
system decreases. An analysis of operating costs shows that
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in Europe, an SPF for heating and cooling of at least 3 is
required to be cheaper than fossil fuels. In contrast, in the
USA, which has lower energy prices, a performance factor of
more than 3.5 is required. This comparison also shows that
the four systems rarely run at full load, which allows for an
increase in running time by adding more energy consumers.
If the systems are run efficiently, both CO, emissions and
costs can be reduced. If the electricity to power the pumps
and heat pumps is also generated locally, for example by
photovoltaic systems, emissions can be reduced even further.

In conclusion, combining the use of mine water geo-
thermal systems for both heating and cooling is highly rec-
ommended. If the operating hours of the systems are also
increased, they can work more effectively and thus more
economically than fossil energy systems.

Acknowledgements Thanks to all the technicians and students involved
in this project, especially Julia Balski and Undine Fleischmann. We
also thank the German Federal Ministry of Education and Research and
the project management organisation Jiilich for their financial support
of the MineATES (03G0910 A) project.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Availability of Data and Materials Raw data were monitored and ana-
lysed at TU Bergakademie Freiberg. Derived data supporting the find-
ings of this study are available from the corresponding author Lukas
Oppelt on request.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Al-Habaibeh A, Athresh A, Banks D, Boyce A, Burnside N, Fernandez
AP, Garcia AG, Gzyl G, Glodniok M, Hyria A, Janson E, Loredo
C, Loredo J, Markowska M, Parker K, Roqueiii N, Siodtak £,
Skalny A, Younger P, Zawartka P, Zgorska A, Labaj P (2019)
Low-carbon after-life: sustainable use of flooded coal mine voids
as a thermal energy source: a baseline activity for minimising
post-closure environmental risks (LoCAL). EUR (Luxembourg.
Online), vol 29544. Publications Office of the European Union,
Luxembourg

Altieri L, Wagner H-J, Gross M, Reiners T (2018) Kalte Nahwérme-
netze mit Geothermischer Energie aus Grubenwasser. Der Geo-
thermiekongress, Essen (in German)

Arkay K (1993) Proc, 1st Springhill geothermal energy conf. Geologi-
cal Survey of Canada. https://doi.org/10.4095/183976

Athresh AP (2017) Feasibility of using the water from the abandoned
and flooded coal mines as an energy resource for space heating.
PhD Diss, Nottingham Trent Univ

Athresh AP, Al-Habaibeh A, Parker K (2015) Innovative approach
for heating of buildings using water from a flooded coal mine
through an open loop based single shaft GSHP system. Energy
Procedia 75:1221-1228. https://doi.org/10.1016/j.egypro.2015.
07.162

Athresh AP, Al-Habaibeh A, Parker K (2016) The design and evalu-
ation of an open loop ground source heat pump operating in an
ochre-rich coal mine water environment. Int J Coal Geol 164:69—
76. https://doi.org/10.1016/j.c0al.2016.04.015

Bailey M, Moorhouse A, Watson I (2013) Heat extraction from hyper-
saline mine water at the Dawdon mine water treatment site. In:
Bailey MT, Moorhouse AML, Watson IA (eds) Proc, mine clo-
sure conf. https://doi.org/10.36487/ACG_rep/1352_47_Bailey

Banks D, Skarphagen H, Wiltshire R, Jessop C (2003) Mine water as a
resource: space heating and cooling via use of heat pumps. Land
Contam Reclam 11:191-198. https://doi.org/10.2462/09670513.
814

Banks D, Skarphagen H, Wiltshire R, Jessop C (2004) Heat pumps
as a tool for energy recovery from mining wastes. In: Giere R,
Stille P (eds) Energy, waste and the environment—a geochemical
perspective, vol 236. Special Publication, London, pp 499-513

Banks D, Pumar AF, Watson I (2009) The operational performance
of Scottish minewater-based ground source heat pump systems.
Q J Eng Geol Hydrogeol 42:347-357. https://doi.org/10.1144/
1470-9236/08-081

Banks D, Steven JK, Berry J, Burnside N, Boyce AJ (2019a) A com-
bined pumping test and heat extraction/recirculation trial in an
abandoned haematite ore mine shaft, Egremont, Cumbria, UK.
Sustain Water Resour Manag 5:51-69. https://doi.org/10.1007/
s40899-017-0165-9

Banks D, Athresh A, Al-Habaibeh A, Burnside N (2019b) Water
from abandoned mines as a heat source: practical experiences
of open- and closed-loop strategies, United Kingdom. Sus-
tain Water Resour Manag 5:29-50. https://doi.org/10.1007/
s40899-017-0094-7

Banks D, Steven J, Black A, Naismith J (2022) Conceptual modelling
of two large-scale mine water geothermal energy schemes: Fell-
ing, Gateshead, UK. Int J Environ Res Public Health. https://doi.
org/10.3390/ijerph19031643

Bao T, Liu Z, Meldrum J, Green C, Xue P, Vitton S (2018) Field tests
and multiphysics analysis of a flooded shaft for geothermal appli-
cations with mine water. Energy Convers Manag 169:174—185.
https://doi.org/10.1016/j.enconman.2018.05.065

Batchelor T, Curtis R, Ledingham P, Law R (2015) Country update for
the United Kingdom: Paper-ID: 01076. IGA proc. of World Geo-
thermal Congress, International Geothermal Assoc ciation IGA
(Hrsg.) Proc. of World Geothermal Congress 2015. Melbourne

Bauconzept Dresden GmbH (2015) Projekt: Geothermische Gruben-
wassernutzung in Freiberg. http://www.bauconzept-dresden.
de/portfolio/geothermische-grubenwassernutzung-in-freiberg/.
Accessed Dez. 2024 (in German)

Benito JLd (2022) Asi es el District Heating Pozo Fondén, la red de
calor urbana que Grupo Hunosa ha puesto en marcha en Langreo
(Asturias). EnergyNews Geotermia. https://www.energynews.es/
asi-es-el-district-heating-pozo-fondon-en-langreo/. Accessed 17
Feb 2024

Bernhard M (1992) Die Silberstrasse und ihre Geschichte. Sachsen-
buch, Leipzig (in German)

Bieg M, Angerer A, Martinelli W, Hammer S, Mottaghy D (2013)
Erkundung des geothermischen Potentials eines ehemaligen
Untertagebaus. bbr Fachmagazin fiir Brunnen und Leitungsbau,
pp 46-53 (in German)

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4095/183976
https://doi.org/10.1016/j.egypro.2015.07.162
https://doi.org/10.1016/j.egypro.2015.07.162
https://doi.org/10.1016/j.coal.2016.04.015
https://doi.org/10.36487/ACG_rep/1352_47_Bailey
https://doi.org/10.2462/09670513.814
https://doi.org/10.2462/09670513.814
https://doi.org/10.1144/1470-9236/08-081
https://doi.org/10.1144/1470-9236/08-081
https://doi.org/10.1007/s40899-017-0165-9
https://doi.org/10.1007/s40899-017-0165-9
https://doi.org/10.1007/s40899-017-0094-7
https://doi.org/10.1007/s40899-017-0094-7
https://doi.org/10.3390/ijerph19031643
https://doi.org/10.3390/ijerph19031643
https://doi.org/10.1016/j.enconman.2018.05.065
http://www.bauconzept-dresden.de/portfolio/geothermische-grubenwassernutzung-in-freiberg/
http://www.bauconzept-dresden.de/portfolio/geothermische-grubenwassernutzung-in-freiberg/
https://www.energynews.es/asi-es-el-district-heating-pozo-fondon-en-langreo/
https://www.energynews.es/asi-es-el-district-heating-pozo-fondon-en-langreo/

Mine Water and the Environment

Bracke R, Bussmann G (2015) Heat-storage in deep hard coal mining
infrastructures: Paper-ID: 38002. Proc, World Geothermal Con-
gress 2015, International Geothermal Association IGA (Hrsg.)
Proc. of World Geothermal Congress 2015. Melbourne

Bracke R, Ignacy R, Eicker T, Bussmann G (2015) Geothermische
Nachnutzung von Steinkohlebergwerken iiber geschlossene
Wirmetauschersysteme. Sitzung AG Bergbauinfrastruktur und
Grubenwasser, Bochum (in German, unpublished)

Braham P, Manju M, Hywel T, Farr G, Francis R, Sahid R, Sadasivam
S (2020) The potential use of mine water for a district heating
scheme at Caerau, Upper Llynfi Valley, South Wales, UK. Q J
Eng Geol Hydrogeol 53:145-158. https://doi.org/10.1144/qjegh
2018-213

Burnside NM, Banks D, Boyce AJ, Athresh A (2016a) Hydrochemistry
and stable isotopes as tools for understanding the sustainability
of minewater geothermal energy production from a ‘standing
column’ heat pump system: Markham Colliery, Bolsover, Der-
byshire, UK. Int J Coal Geol 165:223-230. https://doi.org/10.
1016/j.c0al.2016.08.021

Burnside NM, Banks D, Boyce AJ (2016b) Sustainability of thermal
energy production at the flooded mine workings of the former
Caphouse Colliery, Yorkshire, United Kingdom. Int J Coal Geol
164:85-91. https://doi.org/10.1016/j.coal.2016.03.006

Burtner D, Cairns H, Cash C (2009) AMD Geothermal Project. John
Wesley A.M.E. Zion Church. http://2009.treatminewater.com/
images/CCashPittsburghGeothermal.pdf. Accessed 1 Nov 2012

Butolen H (2010) Geothermal energy from mining sources in the
Zasavje region: Pre-investment Study. Clauser C, Heitfeld M,
Rosner P, Sahl H, Schetelig K. ‘Nutzung von Erdwérme in auf-
gelassenen Bergwerken: Beispiel Aachener Steinkohlerevier’,
Beratende Ingenieure 2005:15-17

Clauser C, Heitfeld M, Rosner P, Sahl H, Schetelig K (2005) Nut-
zung von Erdwérme in aufgelassenen Bergwerken: Beispiel
Aachener Steinkohlerevier. Beratende Ingenieure, pp 15-17
(in German)

Coal Authority (2023) Mine water energy scheme at Gateshead. https://
www?2.groundstability.com/major-grant-to-connect-gateshead-
homes-to-coal-authority-mine-water-energy-scheme/. Accessed
8 Aug 2023

Debes C (2012) Minewater geothermal energy in Europe—Pilots in
ReSource and Remining LOWEX. In: Debes C (ed) 2. Workshop
minewater—renewable energy: ReSource—turning problems
into potentials, Eisleben (unpublished)

Dillenardt J, Kranz K (2010) Geologisch-Hydrogeologische Kartierung
im Alten Tiefen Fiirstenstolln zur geothermischen Grubenwasser-
nutzung im Schloss Freudenstein, Freiberg. Diplomkartierung,
TU Bergakademie Freiberg (in German)

EnergieAgentur NRW (2014) Geothermie — Erdwirme fiir Nordrhein-
Westfalen. https://www.schornsteinfeger-effelsberg.de/Downl
oads/Infolinks/geothermie_erdwaerme_fuer_nrw.pdf. Accessed
24 July 2020 (in German)

ENERGONPLAN s.r.o. (2011) RESUME - Geothermal energy from
mining sources: Study on geothermal energy and underground
mining water usage in undermined territories of Sokolov region
http://www.central2013.eu/fileadmin/user_upload/Downloads/
outputlib/Resource_4.2.6_Pre-investment_study_geothermal _
energy_PP7_Summary_EN_20110531.pdf?PHPSESSID=832c2
007231d4ef0b91t71d356cf847f. Accessed 20 Oct 2010

Ernst P, Hieblinger J (1979) Aspekte der Nutzung geothermischer
Energie. Erdol Erdgas Zeitschrift 95:412—420 (in German)

Feng X-P, Jia Z, Liang H, Wang Z, Wang B, Jiang X, Cao H, Sun X
(2018) A full air cooling and heating system based on mine water
source. Appl Therm Eng 145:610-617. https://doi.org/10.1016/j.
applthermaleng.2018.09.047

@ Springer

Frisch CM Wassergirten Reden. http://www.industriekultur-ansichten.
com/orte/deutschland/154-garten-reden. Accessed 10 Oct 2012
(in German)

Gammons CH, Metesh JJ, Snyder DM (2006) A survey of the geo-
chemistry of flooded mine shaft water in Butte, Montana. Mine
Water Environ 25:100-107

Gasperikova E, Ulrich C, Omitaomu OA, Dobson P, Zhang Y (2024)
Multicriteria screening evaluation of geothermal resources on
mine lands for direct use heating. Geotherm Energy. https://doi.
org/10.1186/s40517-024-00289-3

Gehlin S, Spitler JD, Witte H, Andersson O, Berglof K, Davis M, Javed
S, Bockelmann F, Turner J, Clauss J (2022) Annex 52 - Subtask
3 Report - Guide for analysis and reporting of GSHP system
perofrmance — Final Document. IEA HPT Annex 52 — Long-term
performance monitoring of GSHP systems serving commercial,
institutional and multi-family buildings. https://doi.org/10.23697/
xa7z-vd92

GeoExchange (2002) Municipal Building Park Hills, Missouri. http://
www.geoexchange.org/pdf/cs-064.pdf. Accessed 10 Oct 2012

Ghomshei M (2007) Geothermal energy from Con Mine for Heating
the City of Yellowknife, NWT:: A concept study, The Norman
B. Keevil Institute of Mining Engineering

Grab T, Storch T, Gross U, Kleutges J, Grotzsch S (2010) Geother-
mieanlage zur Grubenwassernutzung fiir Heizung (200—max.
670 kW) und Kiihlung (155—max. 500 kW). In: GtV-Bundes-
verband Geothermie EV (ed) Der Geothermiekongress 2010
(unpublished, in German)

Grab T, Storch T, GroBl U (2018) Energetische Nutzung von Gruben-
wasser aus gefluteten Bergwerken. In: Bauer M, Freeden W,
Jacobi H, Neu T (eds) Handbuch Oberflichennahe Geothermie.
Springer, Berlin, Heidelberg, pp 523-586. https://doi.org/10.
1007/978-3-662-50307-2_17 (in German)

Grasby SE, Allen DM, Bell S, Chen Z, Ferguson G, Jessop A, Kel-
man M, Ko M, Majorowicz J, Moore M, Raymond J, Therrien R
(2012) Geothermal energy resource potential of Canada. Geo-
logical Survey of Canada, Open File 6914. https://doi.org/10.
4095/291488

GrEEN (2015) GrubenwasserEnergie fiir das ENERGETICON: Sit-
zung AG Bergbauinfrastruktur und Grubenwasser (in German,
unpublished)

Guo P, Zhu G, He M (2014) HEMS technique for heat-harm control
and geo-thermal utilization in deep mines. Int J Coal Sci Technol
1:289-296. https://doi.org/10.1007/s40789-014-0036-z

Guo P, He M, Zheng L, Zhang N (2017) A geothermal recycling sys-
tem for cooling and heating in deep mines. Appl Therm Eng
116:833-839. https://doi.org/10.1016/j.applthermaleng.2017.
01.116

Gzyl G, Banks D, Younger Pl, Glodniok M, Burnside N, Garzon B,
Skalny A (2016) A low carbon after-life—overview and first
results of project LoOCAL. In: Drebenstedt C, Paul M (eds), Proc,
mining meets water—conflicts and solutions. pp 593-599

Hall A, Scott JA, Shang H (2011) Geothermal energy recovery from
underground mines. Renew Sustain Energ Rev 15:916-924.
https://doi.org/10.1016/j.rser.2010.11.007

Halmo J (2010) Nutzung der Thermal- und Grubenwisser im Bere-
ich des Bergbauunternehmens Hornonitrianske bane, Slowakei:
Bohrung S1-NB-II. Geothermische Energie 67:6-13 (in
German)

Hassani F, Koufos K, Ghoreishi A, Ghomshei MM (2011) A study on
the extraction of low temperature geothermal energy from mines
in Canada. In: Liu M (ed) Proc, international conf WREC-Asia
& SuDBE

He MC (2009) Application of HEMS cooling technology in deep mine
heat hazard control. Min Sci Technol 19:269-275. https://doi.
org/10.1016/S1674-5264(09)60051-X


https://doi.org/10.1144/qjegh2018-213
https://doi.org/10.1144/qjegh2018-213
https://doi.org/10.1016/j.coal.2016.08.021
https://doi.org/10.1016/j.coal.2016.08.021
https://doi.org/10.1016/j.coal.2016.03.006
http://2009.treatminewater.com/images/CCashPittsburghGeothermal.pdf
http://2009.treatminewater.com/images/CCashPittsburghGeothermal.pdf
https://www2.groundstability.com/major-grant-to-connect-gateshead-homes-to-coal-authority-mine-water-energy-scheme/
https://www2.groundstability.com/major-grant-to-connect-gateshead-homes-to-coal-authority-mine-water-energy-scheme/
https://www2.groundstability.com/major-grant-to-connect-gateshead-homes-to-coal-authority-mine-water-energy-scheme/
https://www.schornsteinfeger-effelsberg.de/Downloads/Infolinks/geothermie_erdwaerme_fuer_nrw.pdf
https://www.schornsteinfeger-effelsberg.de/Downloads/Infolinks/geothermie_erdwaerme_fuer_nrw.pdf
http://www.central2013.eu/fileadmin/user_upload/Downloads/outputlib/Resource_4.2.6_Pre-investment_study_geothermal_energy_PP7_Summary_EN_20110531.pdf?PHPSESSID=832c2007231d4ef0b9ff71d356cf847f
http://www.central2013.eu/fileadmin/user_upload/Downloads/outputlib/Resource_4.2.6_Pre-investment_study_geothermal_energy_PP7_Summary_EN_20110531.pdf?PHPSESSID=832c2007231d4ef0b9ff71d356cf847f
http://www.central2013.eu/fileadmin/user_upload/Downloads/outputlib/Resource_4.2.6_Pre-investment_study_geothermal_energy_PP7_Summary_EN_20110531.pdf?PHPSESSID=832c2007231d4ef0b9ff71d356cf847f
http://www.central2013.eu/fileadmin/user_upload/Downloads/outputlib/Resource_4.2.6_Pre-investment_study_geothermal_energy_PP7_Summary_EN_20110531.pdf?PHPSESSID=832c2007231d4ef0b9ff71d356cf847f
https://doi.org/10.1016/j.applthermaleng.2018.09.047
https://doi.org/10.1016/j.applthermaleng.2018.09.047
http://www.industriekultur-ansichten.com/orte/deutschland/154-garten-reden
http://www.industriekultur-ansichten.com/orte/deutschland/154-garten-reden
https://doi.org/10.1186/s40517-024-00289-3
https://doi.org/10.1186/s40517-024-00289-3
https://doi.org/10.23697/xa7z-vd92
https://doi.org/10.23697/xa7z-vd92
http://www.geoexchange.org/pdf/cs-064.pdf
http://www.geoexchange.org/pdf/cs-064.pdf
https://doi.org/10.1007/978-3-662-50307-2_17
https://doi.org/10.1007/978-3-662-50307-2_17
https://doi.org/10.4095/291488
https://doi.org/10.4095/291488
https://doi.org/10.1007/s40789-014-0036-z
https://doi.org/10.1016/j.applthermaleng.2017.01.116
https://doi.org/10.1016/j.applthermaleng.2017.01.116
https://doi.org/10.1016/j.rser.2010.11.007
https://doi.org/10.1016/S1674-5264(09)60051-X
https://doi.org/10.1016/S1674-5264(09)60051-X

Mine Water and the Environment

Herteis B (2015) Springhill mine water geothermal: proposed spring-
hill surface coal recovery project—round table discussion. www.
town.springhill.ns.ca. Accessed 12 Feb 2016

Hickel N (2018) Bad Ems beheizt sein Rathaus klimafreundlich - mit
Grubenwasser. https://www.energieagentur.rlp.de/kommune/
tatentransfer/bad-ems-beheizt-sein-rathaus-klimafreundlich-mit-
grubenwasser/. Accessed 24 July 2020 (in German)

Hoffman M, Joppich M (2012) Vorstellung der Geothermie-Anlage
Rohrig-Schacht Wettelrode. ReSource Project—Workshop,
Zwickau (in German, unpublished)

Hoffmann M, Epperlein G, Korndorfer S, Theil S (2015) Energieef-
fiziente Fernwiarmeversorgung unter Nutzung der Wérme aus
Grubenwissern und anderen natiirlichen Wiarmequellen: FKZ:
0327481A - wiss. Abschlussbericht (Feb. 2014), Westséchsis-
che Hochschule Zwickau, Forschung und Entwicklung 31 (in
German)

Hosel G (1994) Das Zinnerz-Lagerstittengebiet Ehrenfriedersdorf/
Erzgebirge. Bergbau in Sachsen, Band 1 (in German)

Huber G (1990) Energetische Nutzung von Grubenwéssern. PhD Diss,
TU Bergakademie Freiberg (in German)

Hullreas cel norte S.A., SSM.E. (HUNOSA) (2019) “Barredo colliery”
district heating. https://www.districtenergyaward.org/wpcontent/
uploads/2019/09/19GDECA-Desc-DHeating-BarredoColling-
Spain.pdf, Accessed 30 Apr 2024

HUNOSA (2024) El District Heating de Fonddn, en Langreo, una
instalacion pionera en Europa., Geothermal Retrofit of Illinois
National Guard’s State Headquarters Building: Final Technical
Report. https://www.hunosa.es/2024/10/18/district-heating-pozo-
fondon-langreo-pionero-geotermia-biomasa/. Accessed 18 Apr
15 (in Spanish)

OPEC IEA (2020) Average annual Brent crude oil price from 1976 to
2020. https://www.mwv.de/statistiken/rohoelpreise/, Accessed
30 Apr 2020

International Energy Agency (2024) Renewables 2024—analysis and
forecast to 2030. IEA, Paris. https://www.iea.org/reports/renew
ables-2024, Accessed 6 Mar 2022

Janson E, Boyce AJ, Burnside N, Gzyl G (2016) Preliminary inves-
tigation on temperature, chemistry and isotopes of mine water
pumped in Bytom geological basin (USCB Poland) as a potential
geothermal energy source. Int J Coal Geol 164:104—114. https://
doi.org/10.1016/j.coal.2016.06.007

Jardon S, Ordoéiiez A, Alvarez R, Cienfuegos P, Loredo J (2013) Mine
water for energy and water supply in the Central Coal Basin of
Asturias (Spain). Mine Water Environ 32:139-151. https://doi.
org/10.1007/s10230-013-0224-x

Jarvie-Eggart ME (ed) (2015) Responsible mining: case studies. In:
Managing social and environmental risks in the developed world.
Society for Mining, Metallurgy & Exploration, Englewood

Jasansky S, Lieber M, Giljum S, Maus V (2023) An open database on
global coal and metal mine production. Sci Data 10:52. https://
doi.org/10.1038/s41597-023-01965-y

Jenk U (2020) Standortvortrag Konigstein. Grubenwasser als regenera-
tive Energiequelle in der gesamten Bergbauregion Erzgebirge/
Krusnohoii 4. Workshop GeoMAP, Freiberg. https:/www.geo-
map.sachsen.de/download/Zusammenfassung_4-Workshop-Geo-
MAP_Freiberg_Neu.pdf, Accessed 20 Mar 2025 (in German)

Jensen EB (1983) Mine water used to heat ventilation air at Henderson
Molybdenium mine. Min Eng 35:17-20

Jessop AM, MacDonald JK, Spence H (1995) Clean energy from
abandoned mines at Springhill, Nova Scotia. Energy Sources
17:93-106. https://doi.org/10.1080/00908319508946072

Johnson Controls (2013) Hohe Heizkosten sind heilbar: Grubenwas-
ser dient als Energiequelle fiir zweistufige Ammoniak-Wérme-
pumpe im Kreiskrankenhaus Freiberg: Fallstudie. https://www.
johnsoncontrols.de/-/media/project/jci-global/johnson-contr
ols/ce-region/germany-johnson-controls/insights/2020/files/

bts_casestudy_fallstudie_kreiskrankenhaus_freiberg_ger.pdf.
Accessed 20 Mar 2025 (in German)

Joint Implementation Supervisory Committee (2007) Low-Poten-
tial heat of abandoned coal mines water for heating needs of
Novashaktinsk http://ji.unfccc.int/UserManagement/FileStor-
age/VB1T6B30ENIRDH5AZXLCO3MOXPYSND. Accessed
18 Oct 2012

Jones P, Lang W, Patterson J, Geyer P (2014) Smart Energy Regions
The Welsh School of Architecture, Cardiff University, Cardift.
http://www.smart-er.eu/sites/default/files/Smart%20Energy %
20Regions.pdf. Accessed: 20 Nov 2017

Karpiriski M, Sowizdzat A (2018) Kopalnie wegla kamiennego
zrédiem ciepta dla pomp ciepta—coal mines as a source of
heat for heat pumps. Rynek Instalacyjny 4:35-38 (in Polish)

Kissing H (2009) Thermische Nutzung des Grubenwassers der
Schiefergruben der MAGOG GmbH & Co KG in Schmallen-
berg/Ortsteil Bad Fredeburg (in German, unpublished)

Koch L (2012) Grubenwasser-Geothermie im Mansfelder Land.
Report ReSource: Turning Problems into Potentials, Freiberg
(in German, unpublished)

Korb MC (2012) Minepool geothermal in Pennsylvania. Proc, 14th
conf on abandoned mine reclamation: new frontiers in reclama-
tion. Pennsylvania. https://files.dep.state.pa.us/mining/aband
oned%20mine%20reclamation/abandonedmineportalfiles/publi
cations/amlrelatedtechnicalpapers/mine_pool_geothermal_in_
pa-2012.pdf

Kretschmann J (2020) Sustainable change of coal-mining regions.
Min Metall Explor 37:167-178. https://doi.org/10.1007/
s42461-019-00151-2

Lagerpusch KH (2010) Stellenwert Bergbau - Geothermie in
Sachsen. Workshop "Bergbau-Geothermie" im Rahmen der
ReSource-Arbeitsgruppe "Natiirliche Potentiale", Bad Schlema
(in German)

Lahntal Tourismus Verband e. V. (2020) Stadtstollen Bad Ems.
https://www.daslahntal.de/info/infosystem/Stadtstollen_Bad-
Ems/poi.html. Accessed 31 July 2020 (in German)

Landesamt fiir Umwelt, Landwirtschaft und Geologie (2012)
Abschlussbericht : Forderprogramm "Immissions- und Kli-
maschutz einschlieBlich der Nutzung erneuerbarer Energien":
Ergebnisse im Zeitraum 2000-2008, Landesamt fiir Umwelt,
Landwirtschaft und Geologie Sachsen (in German)

Landesamt fiir Natur, Umwelt, und Verbraucherschutz Nordrhein-
Westfahlen (2018) Potenzialstudie warmes Grubenwasser.
Fachbericht 90 Recklinghausen https://www.lanuk.nrw.de/filea
dmin/lanuvpubl/3_fachberichte/LANUV-Fachbericht_90_web.
pdf. Accessed 30 Apr 2024 (in German)

Lau S (2012) Potentialanalyse der Grubenwasserstandorte unter dem
Aspekt einer zukiinftigen geothermischen Nutzung: Gruben-
wasser-Geothermie im ehemaligen Mansfelder Kupferberg-
baurevier. Proc, Symp Grubenwasser Geothermie, Lutherstadt
Eisleben (in German , unpublished)

Lintker S (2014) Energetische Nachnutzung ehemaliger Bergbau-
standorte in NRW. Erneuerbare Energien im Bergbau in Chile,
Essen (in German)

LiuZ, ASCE M, Meldrum J, Xue P, Green C (2015) Preliminary stud-
ies of the use of abandoned mine water for geothermal applica-
tions, International Foundations Congress and Equipment Expo.
1678-1690. https://doi.org/10.1061/9780784479087.152

Liu X, Malhotra M, Walburger A, Skinner JL, Blackketter DM
(2016) Performance analysis of a ground-source heat pump
system using mine water as heat sink and source. ASHRAE
Trans 122(2) https://www.osti.gov/biblio/1328278 (Accessed
28 April 2025)

LoCAL Deliverable 1.7 Report from Bytom (PL) predictive mod-
elling (2017). http://local.gig.eu/images/LoCAL_deliverable/

@ Springer


http://www.town.springhill.ns.ca
http://www.town.springhill.ns.ca
https://www.energieagentur.rlp.de/kommune/tatentransfer/bad-ems-beheizt-sein-rathaus-klimafreundlich-mit-grubenwasser/
https://www.energieagentur.rlp.de/kommune/tatentransfer/bad-ems-beheizt-sein-rathaus-klimafreundlich-mit-grubenwasser/
https://www.energieagentur.rlp.de/kommune/tatentransfer/bad-ems-beheizt-sein-rathaus-klimafreundlich-mit-grubenwasser/
https://www.districtenergyaward.org/wpcontent/uploads/2019/09/19GDECA-Desc-DHeating-BarredoColling-Spain.pdf
https://www.districtenergyaward.org/wpcontent/uploads/2019/09/19GDECA-Desc-DHeating-BarredoColling-Spain.pdf
https://www.districtenergyaward.org/wpcontent/uploads/2019/09/19GDECA-Desc-DHeating-BarredoColling-Spain.pdf
https://www.hunosa.es/2024/10/18/district-heating-pozo-fondon-langreo-pionero-geotermia-biomasa/
https://www.hunosa.es/2024/10/18/district-heating-pozo-fondon-langreo-pionero-geotermia-biomasa/
https://www.mwv.de/statistiken/rohoelpreise/
https://www.iea.org/reports/renewables-2024
https://www.iea.org/reports/renewables-2024
https://doi.org/10.1016/j.coal.2016.06.007
https://doi.org/10.1016/j.coal.2016.06.007
https://doi.org/10.1007/s10230-013-0224-x
https://doi.org/10.1007/s10230-013-0224-x
https://doi.org/10.1038/s41597-023-01965-y
https://doi.org/10.1038/s41597-023-01965-y
https://www.geomap.sachsen.de/download/Zusammenfassung_4-Workshop-GeoMAP_Freiberg_Neu.pdf
https://www.geomap.sachsen.de/download/Zusammenfassung_4-Workshop-GeoMAP_Freiberg_Neu.pdf
https://www.geomap.sachsen.de/download/Zusammenfassung_4-Workshop-GeoMAP_Freiberg_Neu.pdf
https://doi.org/10.1080/00908319508946072
https://www.johnsoncontrols.de/-/media/project/jci-global/johnson-controls/ce-region/germany-johnson-controls/insights/2020/files/bts_casestudy_fallstudie_kreiskrankenhaus_freiberg_ger.pdf
https://www.johnsoncontrols.de/-/media/project/jci-global/johnson-controls/ce-region/germany-johnson-controls/insights/2020/files/bts_casestudy_fallstudie_kreiskrankenhaus_freiberg_ger.pdf
https://www.johnsoncontrols.de/-/media/project/jci-global/johnson-controls/ce-region/germany-johnson-controls/insights/2020/files/bts_casestudy_fallstudie_kreiskrankenhaus_freiberg_ger.pdf
https://www.johnsoncontrols.de/-/media/project/jci-global/johnson-controls/ce-region/germany-johnson-controls/insights/2020/files/bts_casestudy_fallstudie_kreiskrankenhaus_freiberg_ger.pdf
http://ji.unfccc.int/UserManagement/FileStorage/VB1T6B30ENIRDH5AZXLCO3MOXPYSND
http://ji.unfccc.int/UserManagement/FileStorage/VB1T6B30ENIRDH5AZXLCO3MOXPYSND
http://www.smart-er.eu/sites/default/files/Smart%20Energy%20Regions.pdf
http://www.smart-er.eu/sites/default/files/Smart%20Energy%20Regions.pdf
https://files.dep.state.pa.us/mining/abandoned%20mine%20reclamation/abandonedmineportalfiles/publications/amlrelatedtechnicalpapers/mine_pool_geothermal_in_pa-2012.pdf
https://files.dep.state.pa.us/mining/abandoned%20mine%20reclamation/abandonedmineportalfiles/publications/amlrelatedtechnicalpapers/mine_pool_geothermal_in_pa-2012.pdf
https://files.dep.state.pa.us/mining/abandoned%20mine%20reclamation/abandonedmineportalfiles/publications/amlrelatedtechnicalpapers/mine_pool_geothermal_in_pa-2012.pdf
https://files.dep.state.pa.us/mining/abandoned%20mine%20reclamation/abandonedmineportalfiles/publications/amlrelatedtechnicalpapers/mine_pool_geothermal_in_pa-2012.pdf
https://doi.org/10.1007/s42461-019-00151-2
https://doi.org/10.1007/s42461-019-00151-2
https://www.daslahntal.de/info/infosystem/Stadtstollen_Bad-Ems/poi.html
https://www.daslahntal.de/info/infosystem/Stadtstollen_Bad-Ems/poi.html
https://www.lanuk.nrw.de/fileadmin/lanuvpubl/3_fachberichte/LANUV-Fachbericht_90_web.pdf
https://www.lanuk.nrw.de/fileadmin/lanuvpubl/3_fachberichte/LANUV-Fachbericht_90_web.pdf
https://www.lanuk.nrw.de/fileadmin/lanuvpubl/3_fachberichte/LANUV-Fachbericht_90_web.pdf
https://doi.org/10.1061/9780784479087.152
https://www.osti.gov/biblio/1328278
http://local.gig.eu/images/LoCAL_deliverable/LoCAL_Deliverable%201_7_amended.pdf

Mine Water and the Environment

LoCAL_Deliverable%201_7_amended.pdf. Accessed 24 July
2020

Loredo J, Ordéfiez A, Jardén S, Alvarez R (2011) Mine water as geo-
thermal resource in Asturian coal mining basins (NW Spain). In:
Riide RT, Freund A, Wolkersdorfer C (eds) Proc, 11th Interna-
tional Mine Water Association (IMWA) congress: mine water—
managing the challenges, pp 177-181

Louie E (2015) Writing a community guidebook for evaluating low-
grade geothermal energy from flooded underground mines for
heating and cooling buildings. Master thesis, Michigan Tech-
nological Univ

Macklin MG, Thomas CJ, Mudbhatkal A, Brewer PA, Hudson-Edwards
KA, Lewin J, Scussolini P, Eilander D, Lechner A, Owen J, Bird
G, Kemp D, Mangalaa KR (2023) Impacts of metal mining on
river systems: a global assessment. Science 381:1345-1350.
https://doi.org/10.1126/science.adg6704

Malolepszy Z (2003) Low temperature man-made geothermal reser-
voirs in abandoned workings of underground mines. In: Proc,
28th workshop on geothermal reservoir engineering

Malolepszy Z, Demollin-Schneiders E, Bowers D (2005) Potential
use of geothermal mine waters in Europe. In: Proc, World Geo-
thermal Congress, International Geothermal Association IGA
(Hrsg.): Proc. of World Geothermal Congress 2005. Antalya,
Turkey

Mansfelder Kupferspuren Kupferspuren (2012) Mundloch Wieder-
stedter Stollen. http://kupferspuren.artwork-agentur.de/index.
php?option=com_content&task=view&id=263&Itemid=>58.
Accessed 15 Nov 2012 (in German)

Matas-Escamilla A, Alvarez R, Garcia-Carro F, Alvarez-Alonso L,
Cienfuegos P, Menéndez J, Ordofiez A (2023) Mine water as a
source of energy: an application in a coalfield in Laciana Valley
(Ledn, NW Spain). Clean Technol Environ Policy. https://doi.
org/10.1007/s10098-023-02526-y

Mineralienatlas-Fossilienatlas (2015) https://www.mineralienatlas.de/
lexikon/index.php/Deutschland/Sachsen/Erzgebirgskreis/Marie
nberg%2C%20Revier/Marienberg/Pobershau, Accessed 25 Aug
2023 (in German)

Montana Department of Environmental Quality Historic Context.
http://deq.mt.gov/Land/AbandonedMines/linkdocs/183tech.
Accessed Feb 2020

Miinch M (2009) Grubenwasserwarmenutzung: Heizwirme- und Kiih-
Iwasserbereitstellung durch geothermische Nutzung thermaler
Grubenwisser. Seminar fiir kommunale Vertreter. http://www.
tsb-energie.de/fileadmin/files/pdf/Publikationen/Vortraege/
Muench_Grubenwasser_2009.pdf. Accessed 16 Nov 2015 (in
German)

Miinch M, Himmel J, Kill T (2010) Thermische Grubenwassernutzung
Grube Georg/Willroth: Nachnutzung eines gefluteten Grubenge-
béudes als saisonaler Wiarmespeicher (in German, unpublished)

Miinch M (2018) Grubenwasserwiarmenutzung zur Beheizung des
Rathauses der Verbandsgemeinde Bad Ems. https://www.energ
ieatlas.rlp.de/earp/praxisbeispiele/projektsteckbriefe/projekt-
steckbriefe/anzeigen/kommune/94/. Accessed 24 July 2020 (in
German)

Myslil V, Frydrych MSV (2005) Geothermal energy potential of Czech
Republic. In: Proc, World Geothermal Congress. Antalya, Turkey

Navarro A, Carulla N (2018) Evaluation of geothermal potential in
the vicinity of the flooded Sierra Almagrera mines (Almeria,
SE Spain). Mine Water Environ 37:137-150. https://doi.org/10.
1007/510230-017-0478-9

ncn KG-www.nen.de (2012) Heizen mit Grubenwasser. http://www.
geothermie.de/news-anzeigen/2012/09/07/heizen-mit-grube
nwasser.html. Accessed 1 Nov 2012 (in German)

Nehler M, Hahn F, Klein S, Stiirmer S, Heinze T, Blaes L; Licha T,
Kosse P, Seidel T, Konig CM, Grab T, Oppelt L, Wunderlich T,
Ahrens B, Finger C, Bracke R, Dietel M, Nettmann E, Erstling

@ Springer

S (2023) Thermal heat storage in abandoned coal mines in the
Rubhr area. https://doi.org/10.48380/zykh-zj30

Oelsner C (1982) Grundlagen der Geothermik. Bergakademie Freiberg,
Freiberg (in German)

Oppelt L, Grab T, Pose S, Storch T, Fieback T (2021) Mine water
geothermal energy as a regenerative energy source—status quo
and results from five years of monitoring. Oil Gas-Eur Mag
47:15-19. https://doi.org/10.19225/2103054

Oppelt L, Grab T, Storch T, Wunderlich T, Ebel T, Fieback T (2023)
Abandoned mines as a source of heat and cold. In: Proc, 14th
IEA heat pump conf

Op't Veld P (2012) Overview minewater projects in REMINING-
lowex, Report Remining-lowex, Kassel, Germany (unpublished)

Ove T (2008) Mine water plagued church; soon it will heat and cool
it. Pittsburgh Post-Gazette, http://www.post-gazette.com/stori
es/local/neighborhoods-city/mine-water-plagued-church-soon-
it-will-heat-and-cool-it-619206/, Accessed Nov 2015

Peper F (2019) Geothermie: Wéarme und Kilte aus der Grube. https://
www.stadt-und-werk.de/meldung_30909_W %C3%A4rme+
und+K%C3%A4l1te+aus+der+Grube.html. Accessed 24 July
2020 (in German)

Preene M, Younger PL (2014) Review or critical assessment: can
you take the heat?—geothermal energy in mining. Min Tech-
nol 123:107-118. https://doi.org/10.1179/1743286314Y.00000
00058

RAG Deutsche Steinkohle (2009) Wasserhaltungen der RAG Deutsche
Steinkohle. 2. Sitzung des AK "Bergbau Infrastruktur-Geother-
mische Fragen" (in German, unpublished)

Ramos EP, Falcone G (2013) Recovery of the geothermal energy stored
in abandoned mines. In: Hou MZ, Xie H, Were P (eds) Clean
energy systems in the subsurface: production, storage and con-
version, proc, 3rd Sino-German conf, underground storage of
CO, and energy. Springer, Berlin. https://doi.org/10.1007/978-
3-642-37849-2_12

Ramos EP, Breede K, Falcone G (2015) Geothermal heat recovery
from abandoned mines: a systematic review of projects imple-
mented worldwide and a methodology for screening new pro-
jects. Environ Earth Sci 73:6783-6795. https://doi.org/10.1007/
$12665-015-4285-y

Raube J (2012) Wirmenutzung aus Grubenwasser in Bochum-Werne,
EnEFF : Stadt Forschung fiir die energieeffiziente Stadt (in Ger-
man, unpublished)

Raymond J, Therrien R (2008) Low-temperature geothermal poten-
tial of the flooded Gaspé mines, Québec, Canada. Geothermics
37:189-210. https://doi.org/10.1016/j.geothermics.2007.10.001

Raymond J, Therrien R (2014) Optimizing the design of a geothermal
district heating and cooling system located at a flooded mine
in Canada. Hydrogeol J 22:217-231. https://doi.org/10.1007/
$10040-013-1063-3

Raymond J, Therrien R, Hassani F (2008) Overview of geothermal
energy resources in Quebec (Canada) mining enviroments. In:
Rapantova N, Hrkal Z (eds) Proc 10th IMWA Congress, pp
99-111

Remining Lowex (2012) Remining Lowex—review 2011: news from
the Pilot Communities. http://www.remining-lowex.org/wp-
content/uploads/2010/12/Remining_Lowex_Review_2011.pdf.
Accessed 8 Nov 2012

ReSource (2011) Pre-investment study geothermal energy from min-
ing sources: Exemplary region: Aue. English summary of the
CENTRAL EUROPE Project 1CE084P4 ReSOURCE

Roder U (2012) Geothermie im Fokus der Nachnutzung von Bergbau-
folgelandschaften am Beispiel des Zwickauer Steinholenrevi-
ers. Geothermische Nutzung von Flutungswissern (in German,
unpublished)

Roder U (2015) Geothermische Nutzung von Flutungswissern aus den
Abbauhohlraumen des Zwickauer Steinkohlenreviers: Stand und


http://local.gig.eu/images/LoCAL_deliverable/LoCAL_Deliverable%201_7_amended.pdf
https://doi.org/10.1126/science.adg6704
http://kupferspuren.artwork-agentur.de/index.php?option=com_content&task=view&id=263&Itemid=58
http://kupferspuren.artwork-agentur.de/index.php?option=com_content&task=view&id=263&Itemid=58
https://doi.org/10.1007/s10098-023-02526-y
https://doi.org/10.1007/s10098-023-02526-y
https://www.mineralienatlas.de/lexikon/index.php/Deutschland/Sachsen/Erzgebirgskreis/Marienberg%2C%20Revier/Marienberg/Pobershau
https://www.mineralienatlas.de/lexikon/index.php/Deutschland/Sachsen/Erzgebirgskreis/Marienberg%2C%20Revier/Marienberg/Pobershau
https://www.mineralienatlas.de/lexikon/index.php/Deutschland/Sachsen/Erzgebirgskreis/Marienberg%2C%20Revier/Marienberg/Pobershau
http://deq.mt.gov/Land/AbandonedMines/linkdocs/183tech
http://www.tsb-energie.de/fileadmin/files/pdf/Publikationen/Vortraege/Muench_Grubenwasser_2009.pdf
http://www.tsb-energie.de/fileadmin/files/pdf/Publikationen/Vortraege/Muench_Grubenwasser_2009.pdf
http://www.tsb-energie.de/fileadmin/files/pdf/Publikationen/Vortraege/Muench_Grubenwasser_2009.pdf
https://www.energieatlas.rlp.de/earp/praxisbeispiele/projektsteckbriefe/projekt-steckbriefe/anzeigen/kommune/94/
https://www.energieatlas.rlp.de/earp/praxisbeispiele/projektsteckbriefe/projekt-steckbriefe/anzeigen/kommune/94/
https://www.energieatlas.rlp.de/earp/praxisbeispiele/projektsteckbriefe/projekt-steckbriefe/anzeigen/kommune/94/
https://doi.org/10.1007/s10230-017-0478-9
https://doi.org/10.1007/s10230-017-0478-9
http://www.ncn.de
http://www.geothermie.de/news-anzeigen/2012/09/07/heizen-mit-grubenwasser.html
http://www.geothermie.de/news-anzeigen/2012/09/07/heizen-mit-grubenwasser.html
http://www.geothermie.de/news-anzeigen/2012/09/07/heizen-mit-grubenwasser.html
https://doi.org/10.48380/zykh-zj30
https://doi.org/10.19225/2103054
http://www.post-gazette.com/stories/local/neighborhoods-city/mine-water-plagued-church-soon-it-will-heat-and-cool-it-619206/
http://www.post-gazette.com/stories/local/neighborhoods-city/mine-water-plagued-church-soon-it-will-heat-and-cool-it-619206/
http://www.post-gazette.com/stories/local/neighborhoods-city/mine-water-plagued-church-soon-it-will-heat-and-cool-it-619206/
https://www.stadt-und-werk.de/meldung_30909_W%C3%A4rme+und+K%C3%A4lte+aus+der+Grube.html
https://www.stadt-und-werk.de/meldung_30909_W%C3%A4rme+und+K%C3%A4lte+aus+der+Grube.html
https://www.stadt-und-werk.de/meldung_30909_W%C3%A4rme+und+K%C3%A4lte+aus+der+Grube.html
https://doi.org/10.1179/1743286314Y.0000000058
https://doi.org/10.1179/1743286314Y.0000000058
https://doi.org/10.1007/978-3-642-37849-2_12
https://doi.org/10.1007/978-3-642-37849-2_12
https://doi.org/10.1007/s12665-015-4285-y
https://doi.org/10.1007/s12665-015-4285-y
https://doi.org/10.1016/j.geothermics.2007.10.001
https://doi.org/10.1007/s10040-013-1063-3
https://doi.org/10.1007/s10040-013-1063-3
http://www.remining-lowex.org/wp-content/uploads/2010/12/Remining_Lowex_Review_2011.pdf
http://www.remining-lowex.org/wp-content/uploads/2010/12/Remining_Lowex_Review_2011.pdf

Mine Water and the Environment

Zwischenergebnisse des Projektes. http://floez-sachsen.de/dokum
ent/Bergbaukonferenz_2015_Geothermie_Grubenwasser_Zwick
au_Herr_R%C3%B6der_SIB_1442309831_2195.pdf. Accessed
20 Mar 2025 (in German)

Roschlau H, Heintze W (1975) Wissensspeicher Bergbautechnologie:
Erzbergbau und Kalibergbau. VEB Deutscher Verlag fiir Grund-
stoffindustrie, Leipzig (in German)

Rosenkreis Neunkirchen Der Wassergarten im Garten Reden. http://
www.rosenkreis.de/index.php?id=1726. Accessed 10 Oct 2012
(in German)

Rottluff F (1998) Neue Wirmepumpenanlage im Besucherberg-
werk Zinngrube Ehrenfriedersdorf. Geothermische Energie
- Mitteilungsblatt der Geothermischen Vereinigung e. V. 6 (in
German)

Rudakov DV, Inkin OV (2022) A method to evaluate the performance
of an open loop geothermal system for mine water heat recov-
ery. Nauk Visn Nat Hirn Univ. https://doi.org/10.33271/nvngu/
2022-1/005

Sidchsisches Staatsministerium fiir Finanzen (2018) Geothermie-
bohrung in Zwickau in Betrieb genommen - Ubergabe Tech-
nikgebédude fiir Pilotprojekt ,,Geothermische Nutzung von
Flutungswissern aus den Abbauhohlriumen des Zwickauer
Steinkohlereviers*, https://www.medienservice.sachsen.de/
medien/news/217276. Accessed 20 Mar 2025 (in German)

Schetelig K, Heitfeld M, Mainz M, Hofmann T, Essers M (2005) Geo-
thermie aus Grubenwasser: regenerative Energie aus stillgelegten
Steinkohlenbergwerk (in German, unpublished)

Stiiber K (2012) Warmes Grubenwasser soll Energie liefern.
Aachener-Zeitung (in German)

Sunbeam GmbH (2013) Forschung fiir Energieeffizienz: Pro-
jekt. Geothermische Nutzung von Grubenwissern zur Nah-
wirmeversorgung. http://www.eneff-stadt.info/de/pdf/
waerme-und-kaeltenetze/projekt/details/geothermische-nutzu
ng-von-grubenwaessern-zur-nahwaermeversorgung/. Accessed
21 Jan 2013 (in German)

Tatenhorst S (2018) Bei der Planung der Wasserstadt gibt es Ver-
zogerungen. https://www.wa.de/lokales/bergkamen/planung-
wasserstadt-bergkamen-gibt-verzoegerungen-10006665.html.
Accessed 24 July 2020 (in German)

The Coal Authority (2020) Seaham Garden Village mine energy dis-
trict heating scheme. https://www?2.groundstability.com/wp-
content/uploads/2020/01/CA_Seaham_Brochure.290120.pdf.
Accessed 03 Jan 2025

Thien L (2015) Geothermal re-use of coal mining infrastructures
and mine water in hard coal mining in the Ruhr area/Germany.
Paper-1D: 28017, Proc, World Geothermal Congress

Thornton R (2013) Convection mechanisms for geothermal heat
exchangers in a vertical mine shaft. SME Trans 334:2-5

Toth AN, Bobok E (2007) A prospect geothermal potential of an
abandoned copper mine. Paper-ID: SGP-TR-183. Proc, 32nd
workshop on geothermal reservoir engineering

Uhlik J, Baier J (2012) Model evaluation of thermal energy
potential of hydrogeological structures with flooded mines.

Mine Water Environ 31:179-191. https://doi.org/10.1007/
$10230-012-0186-4

Ulbricht S (2013) Wieder Pionierrolle fiir Freiberg: Projekt "Ener-
getische Optimierung im Kreiskrankenhaus Freiberg" nutzt
Warmwasser des Supertunnels. Wochenspiegel-regional: 3
(in German)

Vater A (2012) Geothermische Nutzung von Grubenwasser aus der
Grube Schlema—Alberoda (in German, unpublished)
Verhoeven R, Willems E, Harcouet-Menou V, Boever E de, Hiddes
L, Op't Veld P, Demollin E (2013) The EC Remining-lowex
project in Heerlen the Netherlands: development of a geother-
mal mine water pilot project to a full scale hybrid sustainable
energy infrastructure. In: Proc, European Geothermal Con-
gress, Mine Water 2.0, International Geothermal Assoc (IGA)

Vidrih B, Medved S, VetrSek J Roijen E (2012) Standardized solu-
tions for low exergy mine water systems configurations including
solutions for high quality energy demand, Technical Guidebook,
Work package 2, Concerto Initiative, EC 6th Framework

Walls DB, Banks D, Boyce AJ, Burnside NM (2021) A review of the
performance of minewater heating and cooling systems. Ener-
gies 14:6215. https://doi.org/10.3390/en14196215

Wang et al (2018) IOP Conf. Ser.: Earth Environ. Sci. 121:052093.
https://doi.org/10.1088/1755-1315/121/5/052093

Wieber G, Ofner C (2008) Geothermische Potenziale gefluteter Berg-
werke. bbr Jahresmagazin (in German)

Wieber G (2010) Studie zur Erfassung und Quantifizierung des
Wairmeflusses aus gefluteten Grubenbauen des ehemaligen Erz-
bergbaus in Hamm/Sieg und Abschitzung der geothermischen
Nutzungsmdoglichkeiten: Endversion (in German, unpublished)

Willmes J, Biicker C (2014) Nutzung von Grubenwasser zur Wir-
meerzeugung: eine Projektbeispiel. bbr Sonderheft Geothermie
2014, pp 46-52 (in German)

Wismut GmbH (2012) Geothermie in Bad Schlema: Projekt "Schil-
lerschule" (in German, unpublished)

Wolf P, Lagerpusch KH, Hofmann K (2007) Zur geothermischen
Nutzung von Grubenwissern in Sachsen. Séchsischer Geo-
thermietag Spezial: Geothermie und Bergbau, Marienberg (in
German)

Wood J, Crooks Jeremy (2020) Seaham Garden Village. https://www?2.
groundstability.com/wp-content/uploads/2020/02/02-03-Tolent-
and-Coal-Authority.pdf. Accessed 08 Aug 2023

Yi X (2015) Study on prediction and cooling methods of seasonal ther-
mal hazard in the mine. PhD Diss, Xi’an Univ of Architecture
and Technology

Yu W, Wang Q, Zhang R (2008) Application of water source heat pump
technology to Shandong Xie Zhuang coal mine. Heat Vent Air
Cond 38(11):130-132 (in Chinese)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://floez-sachsen.de/dokument/Bergbaukonferenz_2015_Geothermie_Grubenwasser_Zwickau_Herr_R%C3%B6der_SIB_1442309831_2195.pdf
http://floez-sachsen.de/dokument/Bergbaukonferenz_2015_Geothermie_Grubenwasser_Zwickau_Herr_R%C3%B6der_SIB_1442309831_2195.pdf
http://floez-sachsen.de/dokument/Bergbaukonferenz_2015_Geothermie_Grubenwasser_Zwickau_Herr_R%C3%B6der_SIB_1442309831_2195.pdf
http://www.rosenkreis.de/index.php?id=1726
http://www.rosenkreis.de/index.php?id=1726
https://doi.org/10.33271/nvngu/2022-1/005
https://doi.org/10.33271/nvngu/2022-1/005
https://www.medienservice.sachsen.de/medien/news/217276
https://www.medienservice.sachsen.de/medien/news/217276
http://www.eneff-stadt.info/de/pdf/waerme-und-kaeltenetze/projekt/details/geothermische-nutzung-von-grubenwaessern-zur-nahwaermeversorgung/
http://www.eneff-stadt.info/de/pdf/waerme-und-kaeltenetze/projekt/details/geothermische-nutzung-von-grubenwaessern-zur-nahwaermeversorgung/
http://www.eneff-stadt.info/de/pdf/waerme-und-kaeltenetze/projekt/details/geothermische-nutzung-von-grubenwaessern-zur-nahwaermeversorgung/
https://www.wa.de/lokales/bergkamen/planung-wasserstadt-bergkamen-gibt-verzoegerungen-10006665.html
https://www.wa.de/lokales/bergkamen/planung-wasserstadt-bergkamen-gibt-verzoegerungen-10006665.html
https://www2.groundstability.com/wp-content/uploads/2020/01/CA_Seaham_Brochure.290120.pdf
https://www2.groundstability.com/wp-content/uploads/2020/01/CA_Seaham_Brochure.290120.pdf
https://doi.org/10.1007/s10230-012-0186-4
https://doi.org/10.1007/s10230-012-0186-4
https://doi.org/10.3390/en14196215
https://doi.org/10.1088/1755-1315/121/5/052093
https://www2.groundstability.com/wp-content/uploads/2020/02/02-03-Tolent-and-Coal-Authority.pdf
https://www2.groundstability.com/wp-content/uploads/2020/02/02-03-Tolent-and-Coal-Authority.pdf
https://www2.groundstability.com/wp-content/uploads/2020/02/02-03-Tolent-and-Coal-Authority.pdf

	Mine Water as an Energy Source: Overview of Technical Basics, Existing Plants, and Monitoring Results
	Abstract
	Introduction
	System-Specification
	Useful Energy
	EffortLosses
	Condition of the Mine
	Legal Parameters
	Further Risks
	a) Open System: Heat Exchanger Above Ground
	b) Open System: Heat Exchanger Located at Surface (Pumping of Mine Water Below Surface)
	c) Open System: Heat Exchanger Located Underground (Intermediate Circuit Between Mine Water and Heat Pump)
	d) Closed System
	e) Surface Mining: Using Open Pit Mine Water


	Methods
	Reiche Zeche Silver Mine
	Ehrenfriedersdorf Mine
	Markham Mine
	Butte Copper Mine

	Results and Discussion
	Conclusion
	Acknowledgements 
	References


