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@ Introduction and company profile

planning / design / development / support
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solutions
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complex permitting and
engineering for E&P companies

waste management
mine surveying
right of possession

reservoir engineering for O&G

U

c MS Renewables

geothermal projects from A to Z

modelling and calculations:
heat demand, consumption
heat capacity

thermal water drilling
existing well repurposing
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AMS Geo

geological expert tasks
reservoir modelling

geochemical analyses

U

D MS Services

professional translations
event organization
audit and due diligence

PR & marketing

large format scanning and
digitization

© 2023 MS Energy Solutions Ltd.

N 4

O WeHEAT Systems

N 4

\ Radon

¥ =

CONTINENTAL EUROPE
ENERGY COUNCIL




oy What it takes to make a og&
' ' geothermal based heat utilization project? ity

‘2 key pillars to achieve geothermal heat supply

Geology

Market & Consumer
Demands
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aim: syncronization between the resource & demand side
way: adapted to local systems

requirement: extensive knowledge of geothermal (new) technologies

solution: conventional or alternative
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Heat utilization



- .What it takes to make a eg& )
¢ geothermal based district heating project? SR,

The importance of geology, hydrogeology

Key factors to analyse in order to determine the location and heat
potential of new well(s) for a geothermal based DH system
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* water * thermal * dissolved
temperature, water yield solids and
geothermal gas content
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W | Geothermal potential of the Pannonian Basin maris
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Heat-flow map and temperature distribution at the depth of 2000 m in Europe (Chamorro et al., 2013)
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@ Geothermal potential of the Pannonian Basin %LW
Heat flow map

Average temperature verusus depth profile.
within Hungary (a) and heat flow map of the
Pannonian Basin and surrounding regions _
(heat flow in mW/m?), corrected for the [~

cooling effect of the fast sedimentetion (b)
(Horvath et al., 2015).
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O iGeothermaI potential of the Pannonian Basin
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The 2 main thermal water reservoir types |n Hungary

Reservoirs with adequate
permeablity to produce suitable
flow rates for geothermal purposes
in Hungary
» Upper Pannonian porous
reservoirs (Ujfalu Sandstone
Fm., occasionally Zagyva Fm.)
Exploration risk:
v low

v well known (a very large number
of wells penetreted these layers)

» Pre-Cenozoic fractured

basement carbonates
Exploration risk:
v higher
v'  existence and distribution of
carbonate reservoir rock
formation are uncertain, few
wells penetrated these layers

o
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Characteristic permeabilities of main hydrostratigraphic units in the Pannonian 4

basin (after Toth and Almasi. 2001),
Hydrostratigraphic unit Permeability Classification 0 ':-/ '\:,f'l_/r T _&'-_\:/ -0

range (mD) \ 11 W ‘\'//

[ Ujfalu and Zagyva Fm. 100-500 Aguifer | E 1 N ___________ly, A1
Algyo Fm. 1-10 Aquitard kv . BETT T . L
Szolnok Fm, 10-100 Aquifer =i A — o P
Endrad Fm. 0.1-1 Aquitard = 8c.g 0 9 [9
Earh,' and Mtddle Mlccene clastics 10-100 Aguifer a : = |
: g ifer 03 T L3
Carbanates {I'r.ll:lurl_-d and karstified) 50-500 Aguifer 0 '
Crystalline (fracture) 10-100 Aguifer 4 L 4
Crystalline (intact) 0.001-0.1 Aquitard

1mD=10-"m2, which corresponds to 10-% m/s conductivity. 5

The main hydrostratigraphic units of Hungary and
their permeability

Model of the main geohtermal systems of Hungary

o 100 o ke ) o
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Carbonate basehent formations 7
(based on Haas 2010)

Bottom map of Ujfalu sandstones



/g 'Upper Pannonian porous reservoirs %LW

DtthgEtp

Features of the reservoir

v' made up by sedimenatry oy
rocks, sandstone aquifer ‘

v’ regional reservoir

v' Alfdld, Kisalfold area

v’ absent in mountain areas

v purity, thickness and & T T e
depth of the sandstone =

determines the geohtermal
projects

v’ deeper sandstone
generally means warmer

GESENESSRBAY

waters
v 3-5 MWth/well (pair) Temperat-u'{? range
v ~70-125 °C » .
v" low exploration risk, high -
injection risk Temperature distribution at the bottom of the Upper Pannonian

© 2023 MS Energy Solutions Ltd. porous réservolrs



Aims:

v' disposal of used geohtermal fluids,
prevention of surface heat and chemical
pollution

v maintenance of reservoir energy, prevention
of pressure drawn-down

v" ensuring the economical long-term
utilization of the geohtermal reservoir

Occuring issues:
formation damage, clogging, scaling, biofilm
formation, etc.

Solutions:

- To find favourable layers for reinjection

- Low pressure (2-5 bars) reinjection systems.
- 1:2 ratio of production and reinjection wells
- preventing biomass production

@ Injection into sandstone reservoirs

Geothermal tail
water injection

- / /76 J
R/L’ )\/\\\ ¢ OIS ©

() Fixed sand grain .Moblle sand particle . Clay particle @ Injected suspended particles

S "llI.]L(l sand
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Hot water
production
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Particle migration and retention during geothermal energy
exploitation via water recycling in a weakly consolidated sandstone

geothermal reservoir (Cui et al. 2022)
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@i Fractured carbonate reservoirs %Lmamsz

. Features of the reservoir

carbonate rocks
(limestone and/or
dolomite

fracture density (faults)
and/or karstification
determines the
permeability

local aquifers

various temperature
distribution with intense
up and downflowing
regimes

it can be really deep
higher exploration risk
completly manageable
reinjection

7-15 MWth/well (pair)
~70-150 °C

© 2023 MS Energy Solutions Ltd.
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TV, ' Fractured carbonate reservoirs matios
Features of the reservoir

v’ carbonate rocks
(limestone and/or
dolomite

v' fracture density (faults)

and/or karstification

determines the
permeability

local aquifers

various temperature

distribution with intense

up and downflowing
regimes

it can be really deep

higher exploration risk

completly manageable
reinjection

v’ 7-15 MWth/well (pair) el SRR :

v ~70-150 °C Location of the main carbonate aquifer formations (after Haas et .

al. 2010)
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100 km
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@i Fractured carbonate reservoirs %mem
' Features of the

v’ carbonate rocks
(limestone and/or
dolomite

v’ fracture density (faults)

and/or karstification

determines the
permeability

local aquifers

various temperature

distribution with intense

up and downflowing
regimes

it can be really deep

higher exploration risk

completly manageable
reinjection

v’ 7-15 MWth/well (pair)

v ~70-150 °C Distribution of carbonates & the 120 °C isotherm

(based on the previous two maps)

ANERN

ANIANERN

12
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‘Water yield improvement

|dentification of
fractured zones
> faults &
damege zones
» permeability of
the damage
zones could
be orders of
magnitude
higher
compared to
rest of the
formation

© 2023 MS Energy Solutions Ltd.

@i Fractured carbonate reservoirs

Uncemented Fractured

Cemented fa""?‘xks Pulverized hur-'l_ rocks
fault rocks +I host rocks [
b 8

i

)

Quatermary
sediments

BMajor slip  Fault «——— Damage zone——
surface . core | o

Host rock

Porosity %o

Klinkenberg
permeability (m’)

Permeability and F;érosit)-/ in .dem.agé.d
zone (Agosta et al., 2007)
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(a) Geometry of the model considering a production well within the damage zone

A geothermal well (Germany) planned in a fractured 13
carbonate reservoir (Cacace et al., 2013)



Geothermal technologies %Lm

Types of implementable geothermal technologies
in the Pannonian Basin

®

GSHP  Doublet for geoDH

by source HYDROTHTERMAL

\ J
\ Y J Y

heat recovery

by utilization

14
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& ' Geothermal utilization o

v' the possible utilization is
limited by the resource Pe - (Flash)
temperature m:m_g

v' the feasibility could be Water Distillation
enhanced by the cascade & Food Dryinm
CHP utilization ace Coollin

Examples

v" Cascade utilization: first the
geothermal water is used for
industrial heating and than

Space Cooling
Greenhouses

Space Heating

Swimmingpool

Possible Applications

Fish Farming
the same water is used for Snow Melting

space heating
v Combined Heat & Power

Water / Brine

(CHP): a type of geothermal 0 50 100 150 200 250 300 2
power plant that produces

both electricity and hot Modified Lindal diagram

water for district heating Source: Gehringer and Loksha, Geothermal Handbook: Planning and Financing 15

Power Generation, ESMAP 2012

© 2023 MS Energy Solutions Ltd.
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& | Geothermal utilization in district heating ~ ¥nases

Space and district heating is among the most successful geothermal
direct applications in countries with cold or continental climate %F

e

Geothermal System District Heating Network n 8 \||||||
;Ef- —_— 90 °C district heating

120 °C A

Productionwell } ﬁ industry 60°C
! Heating

70°C

i :  station green houses heating
' A g -
| X 40°C
' & a i
_ X #lX
. individual
other agriculture space heating
. Central
‘heat-exhanger : 30°C
— = HiL e B [
B L& mEfus [ fish farms / pavement heating
: 120 °C

geothermal resource

Heat consumers

Injection well Canal |

Sketch of an ideal geothermal cascade system
where users are sequentially linked according to
their decreasing heat demand 16
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Scheme of geothermal based district heating
Source: Barkaoui et al. 2018



DH Systems in Hungary
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Cities with district
heating: 92

Fuels: eg. Natural gas,
coal, biomass, fuel oil,
communal waste, propane

[ A\ Cities with geothermal
(totally or partly) district
heating: 11 Csongrad,
Gyor, Hodmezovasarhely,
Maké, Miskolc, Szeged,
Szentes, Szentldrinc,

Luaoi

Source: OGRE — Geothermal Information Platform https://map.mbfsz.gov.hu/ogre/

© 2023 MS Energy Solutions Ltd.

Vasvar, Matészalka,
Mosonmagyardvar
Total installed thermal
capacity: 204,86 MW
Total Available thermal
capacity: 180,49 I1VI?W




'Example .
25000
Supply temperature: 65-110 °C Energy duration chart example |.
Return temperature: 44-57 °C 20000 -
(Depending on the outside
temperature) 15000
2
Thermal well parameters 10000
Outflow temperature: 64 °C
Natural gas: 123754 GJ
Yield: 2000 I/min (120 m3/h) 5000 -
¥ Geothermal:
v Enough for mainly the domestic 0 - Geothermal: 54 784 6)
hot Water needs 0 50 100 150 200 250 300 350
Days

18
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'Example II.

Supply temperature;: 77-105 °C
Return temperature: 43-60 °C

(Depending on the outside
temperature)

Thermal well parameters:
Outflow temperature: 81 °C
Yield: 2000 I/min (120 m3/h)

© 2023 MS Energy Solutions Ltd.

20000
18 000
16 000
14 000
12 000
10 000
8000
6 000
4 000
2000

Natural gas: 75 997G)J

Geothermal 51465 G)J

Industrial waste heat: 40 000 GJ

days

100

200

300

400
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@ Alternative solutions %
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Hungary: Geowatt Ltd. & Vaporline technology ™

v" Production: 70-80 °C form 30-50 °C thermal
water

v’ Capacity: 50-300 kW/unit

v' COP: ~3-8

Internationally:

Industrial heat pump configuration for up to
100°C forwarding temp and 45 MWth

HE®
'L

v’ Large-scale Industrial Heat Pumps
v" Proven high & low temperature industrial heat e .

o

pumps for up to 150 °C and 70 MWth
e \ 3 ™ . -

Industrial heat pump configuration for up to
© 2023 Ms h R © 150°C forwarding temp and 70 M\ﬁ%h



Alternative
solutions

rFr=——-—-—-
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OLU@HEAT DEFINITION

deep geothermal probe
closed loop
no water production

fluid circulation extracts the
heat

repurpusing old wells
weather independent

green heating system

I WHEAT technology — What is it & values

one-time investment
low operational cost
minimal maintenance
requirements

P&A and clean-up costs

predictable, permament heating
system
fully automatized control

quick, flexible installation
complete system in a few days

no CO, emission = EU targets
zero waste technology .



@ 'Summary & Conluding remarks matds

'What it takes to make a geothermal DH project?

st ENGINEERING
PILLAR
PILLAR
* complex * understanding
analysis of the consumer
key factors needs &
* reservoir demands
* temperature * complex |
o water technological
chemistry experience

© 2023 MS Energy Solutions Ltd.

LONG TERM

SYNCRONIZATION INVESTMENT

complex response
to consumer

* successful
projects for any

needs -

taking into Cities .
account |ocal °* money saving
geological features o jncreased
system energy security

optimization
local adaptation

conventional/
alternative
solutions

* mitigation of

CO, release @}

22
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Email: istvan.garaguly@ms-energy.org

www.weheat.systems

This project was supported as part of Sustainable Energy, an Interreg
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https://www.msrenewables.com/
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Gy6r
2. Miskolc
3. Vasvar
4.  Csongrad
5.  Szentes
6. Hodmezdbvasarhely

7. Szentl6rinc

8.  Szeged
9. Maké
10.  Mosonmagyarévar

11.  Matészalka

© 2023 MS Energy Solutions Ltd.

60,3
1,6
4,19
30,67
37,67
4,6

5,83

~2,2

Combining geology & market potential

Evaluation and interpretation of geology & DH systems:
Features of systems that already have geothermal energy

City Installed th. Available th. Reservoir type
capaCIty (MW) capaC|ty (MW)

60,3
1,6
3,72
26,64
27,8
4,6

Under construction

5,83

~2,2
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Tmava SN
o .. Nitra g g
oVienna) Bratislava ’ Miskolc
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. asd o 4 ) Yabracen 4
Carbonate basement jRsopest Y5
Carbonate basement ' AL"' 7 < s \Orades
- Kecskem et
Bafat HUNGARY °
uP A‘ pripe
UP A% LA, ‘
Pecs ‘ A i
UP " A
agreb . Timisoara
Fractured metamorphite . % Oailoki
basement . )
F Geothermal energy production in DH
systems with thermal water in Hungary
UP
UP
upP
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MATESZALKA
L]
_ MOS@QMAGYAROVAR
‘ vor
'B:U! DAPEST
BERETTYOUJFALU

v' Mosonmagyarévar

v’ Gyo6r

v’ Budapest

v' Miskolc

v’ Matészalka .

v' Berettyéujfalu w
HO 2?0km
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~§ « 2017-2020 % « 2015-2018 FS| * 2021-today fé « 2020 O | « Pannergy
| ¢ EU-FIRE Ltd. ‘2| « Pannergy Plc. L Budapest Public —| ¢ EU-FIRE Ltd. 9 Plc.
Q| « Project O - validation and | | Utilties J| - Project 2 | . Drilling
<| management interpretation Q| -ompany W1 management S plan of
> | support of a geological g * Geothermal =| support production
O : del Exploration, <L . I
<C| * Supervison, mode CCRS-risk S| * Supervison, wells
=| and technical * Support for management and technical * Supervison,
Z| inspector for 2 documentation : ' inspector for a and
o professional ) .
o5l Wwells * Supervison consultancy for production technical
Q| * Support of during drilling Budapest well Inspector
=| surface » Drilling plan of Geothermal fora
technology 3 wells System project production
* Water well plans. and
» Usage permit wells
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