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Presenter
Presentation Notes
Thank your for the opportunity to be part of this Workshop.

My name is René Verhoeven. 

I´m replacement for my colleague Florian Hahn, who was asked to present today, but unfortunately not available. So you are stuck with me.

Together we lead the competence centre Post-mining-exploitation, which is part the business unit Storage and underground Systems of Fraunhofer IEG.

Florian covers the subsurface expertise, the so called up stream competence.
I cover the up ground expertise, the so called down stream competence. 
Always a bit confusing.

My specialism is 5th generation district heating and cooling and mine water technology and in and more in general heating and cooling infrastructures.

Some of you might know me from my former position at Minewater in Heerlen, the Netherlands.
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Research Institution for Energy Infrastructures and Geothermal Systems IEG
Facts and figures
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= Foundation as an independent institution as of 01.12.2019
= Locations in the German coal regions

= Employees: ~200

= 6 business units with 24 competence centres

= Coordination of the Fraunhofer hydrogen network
(32 institutes)
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https://www.fraunhofer.de/de/forschung/aktuelles-aus-der-forschung/wasserstoff.html

Aquifer Thermal Energy Storage

ATES can take place by injection and later re-production of
hot water in aquifers in both shallow and deep geological
formations. The aguifers can be both unconsolidated sand
units, porous rocks like sandstones or limestone or fractured
rock formations. It is an open system using geothermal or
water wells and storing the heat in the groundwater and in the
formation around it.

Borehole Thermal Energy Storage

The natural heat capacity in a large volume of underground
(unconsolidated) soil or rock is used to store thermal energy
with or without groundwater as the storage medium. It
typically has several closely spaced boreholes, between 50 and
200 m deep; they act as heat exchangers to the underground,
usually in U-pipe form.

Pit Thermal Energy Storage

Hot water is stored in very large (multiple) excavated basins
with an insulated lid. Sides and bottom are typically covered by

a polymer-liner, but can also be made of concrete.

Temperature ['C]

Mine Thermal Energy Storage

Mine water of abandoned and flooded mines is used as a
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How are we going to meet the heating demand with a
0 distinct seasonal profile without fossil fuels but with the
same security of supply?

CERERS

storage medium for high temperature storage. The mine water

can also be used as an ambient energy source in combination

with heat pumps.
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Presentation Notes
First a short recap of the bath tube challenge. 

We all know that 50% of our energy demand is for heating and cooling and that we need storage in order to incorporate the renewable sources. The reason for this workshop. (Click)

Aquifer, Pit and Borehole Thermal Storage are common practise. Another option, which is still quite new is the application of flooded abandoned mines as mine thermal energy storage. A very attractive solution for mining regions in transition.
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HEATSTORE
IEG Colliery

Former main shaft (1954) Nightingale visitation colliery in Witten, Germany (wooden
beam construction)
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Presentation Notes
On the left side you see the former shaft of the mine. The mine was operated in the 50´s for about 4 years.

On the right side a picture of the Nightingale visitation colliery in Witten, comparable to ours at the IEG premises, to give you an impression of such a shallow colliery with a wooden beam construction and an open connection to the surrounding rock mass.
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HEATSTORE

Fraunhofer IEG Site in Bochum

— Technology quarter of the Ruhr
University Bochum (PUSH IT demo site)

Slide 5 03/12/2023 © Fraunhofer IEG



Presenter
Presentation Notes
Our situation in Bochum.

The Fraunhofer IEG site, with below the shallow colliery, near to the Bochum University of Applied Sciences. (Click)

Also the demo site of our next mine thermal energy project called Push-It at the technology quarter of the Ruhr University Bochum, containing a high temperature district heating grid with a CHP plant. (Click)

Below this area also a shallow isolated colliery is located, but bigger. Ideal for use as a high temperature MTES for this campus.
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This slide gives you a good overview of the work we did within the Heatstore project.

To begin with the drilling of the first well in the summer of 2020 with our own drilling rig.

And in the winter of 2020 we did our first heat injection test. (Click)

We extracted mine water with a temperature of 11 °C from our first well (MP1), which has a depth of 64 meters, heated it up to 60°C with an oil boiler (there was no energy crisis yet) and injected it in the second well (MO1), which also has a depth of 64 meters. In this way a circulation of mine water in this part of the mine was created.

The obtained data were used to calibrate the numerical thermal hydraulic model. I will come back to that in a few minutes.

We also drilled a 3th well (MI1) in the upper part of the drift at a depth of 24 meters. But the hydraulic conductivities were not so good, due to back-fill, which was not known in advance. So it was not used for the injection tests.

Than in spring 2021 we installed our small district heating grid  between the wells and completed the project in summer 2021 with the installation of the concentrated solar power plant.
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HEATSTORE
Bochum Research and Drilling Rig (BoReX)
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Some pictures of our drilling Rig and drilling operation.

We didn´t use any rotary steerable system.

We tried to drill as vertical as possible, using heavy drill collars and oversized stabilizers. 

The drillings were very successful. All three wells hit the mine on target. 

This method can be recommended for shallow mines with targets less than 100 meters.
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HEATSTORE
Proof of Concept

|
10
ATcsp

8 -
— 67
@)
(o]
e
~
< ,.

\

~ Fraunhofer

Slide 9 03/12/2023 © Fraunhofer IEG
IEG


Presenter
Presentation Notes
At the end of the project in November 2021 we were able to do a first proof of concept (TRL 7), where we injected the heat of the concentrated solar power plant into the mine thermal energy storage during a 3 hourly test run.

In this graph you can see the delta T in the CSP loop and mine water loop.

This year we are going to full operation and investigate the long term storage effect by injection of the solar heat over the summer period.
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Operation during the summer

|
Anzahl der Module 12
Anzahl der Reihen 2
Kollektorfliche 108 m?
Maximale Kapazitat 60 kW,
Temperatur Max. 60 °C
Medium Wasser
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Operation during the winter
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Project Mark 51°7 Bochum

5G DHC with mine water

1.

Slide 12

Area

= 68 ha— Area in Bochum-Laer

= 1859-1958: Colliery Dannenbaum
= 1958-2014: Auto production Opel

= Now: Redevelopment industrial, technology and

knowledge campus Mark 51°7
= Building area approx. 210,000 m2

5G DHC

= National Funding Program
Warmenetzsysteme 4.0

= 35% of Investment

= Grids and Energy Center East

Minewater
Funding Interreg D2Grids

60% of Investment

Minewater installation and wells

Demonstrator Energy Center
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The project is established on the Bochum-Lear Area, an area of 68 hectares, which was in former days the coal mine Dannenbaum until 1958 and after that the car production location of Opel until 2014, now redeveloped into an industrial, technology and knowledge campus with a builing floor area of approximately 210.000 m2.

The renewable energy infrastructure is funded by two programs:
The National Funding Program Wärmenetze 4.0 funding the grid and the Energy Center East for 35%
The EU Interreg Funding Program D2Grids funding the mine water installation and wells and the demonstrator Energy Center of Zetcon for 60%
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Project Mark 51°7 Bochum

Scope
Q2 2023
Decentralized
Energy Center
Demonstrator .
220/190 kW R
Q4 2024 _ 3
Decentralized ‘iﬂ, otk b3 — 2
Energy Center West = =
1,150/900 kW s
o Q4 2024
/, \ Mine water
L installation and
Total heat demand: 12,8 MW; 16 GWh | | Geothermal wells
Total cold demand: 9,6 MW, 10 GWh, « ‘; o = “
3%
Minewater: 2.9 MW; 8.3 GWh; 430,000 m3 (27 °C)
Minewater: 3.5 MW; 5.6 GWh; 240,000 m3 (16 °C) . o ®
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== District heating grid (HT) 90/40°C

== Exchange grid 10/25-27/45°C
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== Cooling grid (LowEx) 10/16 °C
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In this geographical overview the scope of project is shown.
It contains 3 decentralized Energy Centers: (Click)
First the Energy Center East, the biggest one with a capacity of about 10 MW, supplying heat and cold to the low-ex heating and cooling grid (the orange and greed lines) in the eastern part of the area, to which multiple offices are connected. Commissioning is planed at the end of 2024.
Also two smaller decentralized Energy Centers are built: (Click)
The Energy Center of Landmarken with a capacity of about 1 MW and the Energy Center of Zetcon with a capacity of about 200 kW.
Commissioning of the Landmarken EC is planed in 2024. The installation will be located in a subsurface basement. It will provide 3 office buildings with heat and cold through a low-ex heating and cooling grid on their property.
The Zetcon Energy Center will go in operation medio this year providing heat and cold to one office building. Not yet on mine water, because the mine water installation is not yet ready. The Energy Center is located inside the building. 
The decentralized energy centers are connected with each other through a 2-pipe exchange grid (the blue line).
Shortage of heat or cold (Click) is provided by the mine water installation and wells. 
They are located in the central part of the site on a rather small spot enclosed by the buildings, which caused a lot of planning issues. 
The wells are already drilled. The mine water installation will be built in 2024. 
Heat pumps take care of the base load.
Peak loads will be provided by the existing district heating grid (the red line) and induvial compression cooling.
This brings us to the next slides in which the functionality is explained a bit more.
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Project Mark 51°7 Bochum

Access mine water use

Drilling concept:

= Singular drilling location

= Cold well vertical drilling

= Hot well directional drilling
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Let´s have a closer look at the subsurface part of the system, the mine thermal energy storage.

The drillings are part of the Dannenbaum colliery that is connected to two other mines as shown in the left picture. 

Both wells are drilled at a singular location.

The cold well is drilled vertically with guidance of a rotary steerable system and about 340 meters deep.

The hot well is about 820 meters deep and drilled directionally with a very sophisticated steering method that can be described as innovative for drilling into former mines. 

It is drilled in such a way that no other galleries or coal seams are crossed. Details can be give by Florian after his dissertation on this subject. 

The mine water level is at 230 meters below ground level.
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Project Mark 51°7 Bochum und Energie North-West Europe
- D2Grids
Drillings and pumptest

1. Geothermal wells
= The first drilling (GT-02) was completed on 28.01.2022
= The second drilling (GT-01) was completed on 09.03.2022

2. Well-test
= Pumps tests were executed in March 2023
= Postponed due to approval procedure for pump tests

Results of pump tests (48 hours):

= Hydraulic capacity + 150 m3/h

= Acceptable drop of water level during production

= Almost no rise of water level during injection hot well
= Anomaly injection cold well

= Hot mine water 27,6 °C (assumption: > 30°C)

= Cold mine water 16,4 °C (assumption: > 18 °C)
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The Drillings were completed in first quarter of 2022.
 
Pump tests took place in March of this year.
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Mine Water Potential in NRW
Eternity benefits from industrial burdens!
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Presentation Notes
In this map you can see the mining concessions in grey and the existing district heating grids in red.

The district heating grid of the Rhine Ruhr Graben, which is one of the biggest district heating grids of Europe, is right in the middle of the former mines.

So there is a high potential for use of mine water for district heating.

Currently we have a lot of inquiries for mine water projects. So lot is going on at our institute, concerning post mining exploitation. (Click)

In NRW we have almost 200 abandoned coal mines to look into for use as a geothermal source and storage and by doing so, transform eternity burdens into eternity benefits!
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Presentation Notes
Thank you for your attention.

And I´m looking forward to your questions?
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