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Deep geothermal energy closely tied to petroleum engineering
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Geothermal gradient - Croatia
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Locations — geopressured aquifers + thermal springs
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Microlocations of Geothermal wells

Proven reserves >
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BizovacCke toplice
Tuheljske toplice
Sutinske toplice
JezercCica
Krapinske toplice
Topusko

StubiCke toplice
Istarske toplice
Varazdinske toplice
10 Daruvarske toplice
11. Semnicéke toplice
12.Sveta Helena

13. Splitske toplice
14.Ivani¢ Grad
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Instaled capacity — balenology + direct heating

haimum LHilization Capa -:it:.-'} Annual Liilization
Locslity T}'p-E{' Flow Ratel Temperstue .":'E'- Errthalp-ﬁ.-':' Ik Jikg) Ave Flow Energy*" Espsatg.-
kg/s) Inlet | Cutlet iniet | ouwtlet | pawn | (kgisy | (Tunn | Factor
Bizovac | Termia RC) HE £ 550 300 738 501 2638 053
Bofnjsci | Greenhowse) G 20.0 £5.0 0.0 2| 1200 S50 0.80
Darwver {Darwvar Sps) B 21.0 a6l 278 1.32 sasl 1078 0.26
lvanic: Grad | Maftalan) B 30 £0.0 0.0 0.38 0.02 0.08 0.01
Jezertica |Jezercica Spa) B 10.0 wa| 234 063 250 456 0.25
rrspinsk e Toplcs HE s18| 47 260 soz| 2040 288 035
[Frapina Spa)
Krapinsk & Toplice G 10.0 45.0 0.0 062 roo|  12es 0.70
[ Greenhouse)
L el de (Liesce Spa) B 6.2 0.7 157 0.29 1.55 3,07 0.25
Ligi [Lipik Spa) HE 23,0 58 7 437 1.44 575 1138 0.25
Livade {|striz Spa) B 20 8.0 130 0.13 0.50 0.55 0.25
Semobor (Smidhen SRC) B 197 292 142 1.24 4.93 575 0.25
?;Ji?;: ;;’5;":’5 HE 95,0 53.4 38 4 so6| 23785  4eme 0.25
Svets Jans (Svets Jans) B 3.0 28,0 11.0 333l 1228 0.25
Svets Medjelia (Gresnhowse) | G 25,0 3.0 25,0 ag7| 2000 10024 0.80
Topuzko [Topleks Spa) HE 151.0 6.6 E1.6 sas| 2778  TaEs 0.25
Tuhelj (T uhelj Spa) B 550 2.5 17.0 ses| 2128  assT 0.25
ver sdinske Toplice HE 95.0 57.6 420 g0 237s|  amer 0.25
{\Warazdin Spa)

Velica [Toplice RC) B 350 5.0 10.0 230 578 173 0.25
Zagreb (Miadost SC) HE 120 50.0 30.0 2 51 518 e 0.43
Zagreb { Univ, Hospital) H 8.0 50.0 30,0 13,60 1.11 730 0.02
Zagreb Lucko [INA) H 20 50.0 30,0 017 0.49 1.29 0.24
Zelina [Zelina RC) B 0.0 40.0 25,0 1.88 750 1484 0.25
Zlstar [Sutinske Spa) B : ek 18.8 e == 025

TOTAL 220.5 75.44| ) 24786 ea198) ) 027
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Instaled capacity - by sector

Use Installed Capacity’ | Annual Energy Use™ Capacity Factor
(MWL) (TJiyr = 10" Jiyr)

Individual Space Heating*' 31,99 291 79 025
District Heating * 13,77 2,61 0,02
Air Conditioning (Cooling)
Greenhouse Heating 7, o3 169 45 0,71
Fizsh Farming
Animal Farming
Agricultural Drying
Industrial Process Heat™
Snow Melling
Bathing and Swimming'_" 2215 1721 025
Other Uses (specify)
Subtotal 75,44 641,99 0,27
(Geothermal Heat Pumps 4 50 42 5l 0 30
TOTAL 79,94 684, 49 0,27
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Geothermal field Zagreb

Startup of the production 1987.
Two locations — SRC Mladost & Clinical hospital Blato

Proven reserves cummulative 77 I/s with 80°C

Used for balneology and direct heating
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Geothermal field Bizovac

Startup of the production 1974,

Two locations — Slavonka-1 & Bizovac-4
Proven reserves Slavonka-1 -> 3,1 |/s with 75°C
Proven reserves Bizovac-4 -> 3,0 I/s with 95°C

Used for balneology and direct heating
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Geothermal field Kutnjak-Lunjkovec

Discovered 1968. (production KT-1 and Lunj-1 injection well)
Proven reserves Kutnjak-1 -> 54 |/s with 140°C
Wells revitalized 2006. with hydrodinamical testing of the reservoir

Planned 2 MW electricity production —waiting on investment
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Geothermal field Draskovec

Discovered 1972. geothermal water rich with methane (GWR 5 m3 / m3)
Revitalised in last few years.

Tested eruptive flow 3,1 I/s with 110°C (10 I/s with submersible pump)
Financed by EC trough NER300 programme

Planned 6MW of electricity production (gas turbine fired by methane plus AORC)

AORC is planned in next phase along
with direct heating.

¥ Complete geological model of

~ reservoir needs to be done plus

3 - drilling additional 7 production wells
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Geothermal field Bosnjaci

Discovered 2010. — first private ‘ ‘
investment e I e

Proven reserves 20 I/s with 65°C

Greenhouse heating — indication of ,f :
further development -> heat pumps e
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Shallow geothermal resources via heat pumps

2008 g. 2009g. 2010g. 2011g. 2012g. 2013 g.

Borehole heat exchangers 18 48 40 20 32 26
Investors 3 1 7 5 10 7

Average no. of BHE per 6,00 4,36 5,71 4,00 3,20 3,71
investor

Groundwater wells 7 4 5 4 9 10

184

43

4,28

38
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HOLOCENE: clastics, predominantly unconsolidated
PLEISTOCENE: clastics, predominantly unconsolidated
III NEOGENE: clastics and limestones

PALEOGENE: calcareous clastics, limestones
PALEOGENE: clastics (flysch)

B8 PALEOGENE: limestones

Il cReTACEOUS: magmatic rocks

- CRETACEOUS: carbonates, sporadically clastics (flysch)
JURASSIC: carbonates, sporadically volcanoclastics
- TRIASSIC: carbonates, sporadically clastics

- PALAEOZOIC: clastics, sporadically carbonates

faults
—4—i- reversed faults and overtrusts

=& submarine reversed faults and overtrusts
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Hydrogeological map of Croatia
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l I | @?g podrudja mogucih potresa s
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- Sljunci i pijesci, aluvijalne naslage,
visoko proizvodni vodonosnici

0 50 100 km
=r—r=x —

[:l Sljunci i pijesci s pojavama gline,
nisko do srednje proizvodni vodonosnici

masivni i uslojeni vapnenci s pojavama dolomita -

dolomiti i vapnenci - nisko do srednje okr3eni te
srednje propusni vodonosnici

E:] Cvrste stijene i glinovite naslage - nepropusne naslage

@®  busotine s visokim pritjecanjem vode
i ] prirodni izvori s visokim pritjecanjem vode

A opskrba vodom iz povrsinskih vodotokova
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Energy baskets and spirals
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Energetske kosare i spirale - do Sm - Opuzen
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