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Geothermal resources of Croatian Pannonian basins
natural thermal springs / geothermal fields, existing deep
wells and further development can contribute to the
significant amount of energy & data to be used for

constructing better models, resulting In
lower operating costs of district heating / cooling systems. :

There are initial geother_ma}I: dlS’%l_‘ICt heating / power plants
In Croatia
Quantified part of the proven geothermal resources for
power plants Is estimated at the 2.5% of existing installed
~_capacity in Croatia, or 29% of nuclear.
That Is just 10% of expected power & cogeneration heat
__resources to be found & developed here.
We will see that geothermal direct heating can substitute
~ nearly %2 yearly consumption of natural gas.
Are intelligent data operation of district heating / cooling
systems a challenge for these numbers?
Gte
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Direct heating possibilities are estimated at 12-26%
substitute of natural gas annual consumption, adding 3-6%
the non-conventional gas - dissolved in the part of recovered
geothermal water

This, after all conservative assessments, is suggesting that
geothermal energy could play an important role in ¥ of the
energy balance of the country.

We have to add them to the other cogeneration units, large
heat pumps and electric bolilers in district energy systems
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Geothermal water energy resources :

iIn Pannonian basins are related to Q/\/’_J

deep water bodies (DWB) and to the

Increased geothermal flow by
favorite CONDUCTION through the Vs
thin crust and possible . - o %
CONVECTION - el /r_ﬁ* /S =
in the massive reservoirs in the > (s \_y LT e B
young basins. Ty EERA S P
Including hydro-geothermal (by: Kolbah: 2010) h._\v_'\ RS, T
resources increased complexityof - a0 0
operating the systems but also an R et
opportunity for . i T e

economic, CO, emissions and I __A
energy savings in the system
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Acquisition of 2D and 3D
seismic illustrates the

total intensity of | %,:, ¢ |
geological-geophysical 1o ' Legenda
engagement and - R ek L

. “ e ) podaci
pOSSIbIe knOWIedge Of g . i : :‘. » Q 3 225::226:;:;:2:;‘,5;@koncesue

—

deep Croatian Pannonian | ‘. .
basins geology. Over |
1,000 wildcat exploration
wells and additional 3,000
development wells over .
50 producing oil, gas and .
geothermal fields, with
over 100 years of
Exploration & Production
experience.

G t e { F , . & (after AZU)
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oo . LUNJXOVEC- r_ Legrad1, Lunficovec - Kutnjek, Siatine 2, Slstine 3,
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The posible electricity production
IS conservatively quantified at the
Geothermal fields: Lunjkovec-
Kutnjak and exploration blocks:
M. Bukovec, Legrad-1, Kotoriba
and Ferdinandovac-1, further 100
MW, of installed capacity is
expected, what is nearly 2.5 % of
the existing power plants capacity
In Croatia, or 29% of our part at
nuclear power plant Krsko. With
the production of electricity from
geothermal water with an average
flow of 100 | / sec and a
temperature of > 140 °C, and the
outlet of the plant 80 °C, the
remaining co-generation heating
capacity of 500 MW, is expected
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With the production of electricity at the geothermal field Velika Ciglena 2018 should
be ,breaking the ice" in Croatian energy scene and with direct heath consumption it
need to be efficiently and successfully integrated into the large-scale variable
energy sources like wind and solar energy calls for a rethinking of the design and
operation of energy systems and their interaction
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Direct geothermal heat

use in HT hydroponic

Tt f\- « tomato greenhouse at
"2 4 the GT field Bosnians-N

Prilog br.5 _ Geoloski korelacijski_profil A

"=+ Less deep (up to 1500 m) we find
| interesting geothermal water bodies, so
" at 500 sites (of > 1000 existing ones) we
could get 750-1300 MW, for directly

> ©
£l

natural gas in a country

L8R

Intelligent operation of district
heating / cooling systems will
provide new 4
technologies essential for prowdlng the
needed solutions; e.g. solutions for short
% term and seasonal storage

I
I
|
| =gl used heat or 12-26% per annum use of
I
I
!

Gte
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Legenda
*  Istrazne buSotine

2D seizmitki podaci

3D seizmi¢ki podaci

P N

Postojece eksploatacijske koncesije

L1 1 | Data intelligent operation of district heating and district cooling systems, 03-04 April 2019

University of
|

Zagreb
FAMENA

Scheme of development of geothermal
production by deep wells in example of
Lunjkovec — Kulnjak geothermal field

Legend:

Dashed circles - drainage radius in the

geothermal reservoilr,
Squares - joint surface position of the mou

of the directional wells (bushes)

Dutina Temperat 1211 Temper 1 buzotina 1l Geotern!i Dnevna I Ekvivale Proizvodn i Godidnjc
Zupanija Proizv.Zon.  HL  GTG11 TTopFm g, o o Tgn  Tgin  Tgowt  Toout v Pos  Puce |Namgnal Sb B4 whd  dg Elg
= m °c/km  °C s JgK kgl —-lfgke  °C K *c K oc Mwe  Mwe MWt w GWh  dana ™
Kop.KriZ  Kutnjak 2683 587 145 000 425 100 425 M5 a1 716 34731 3000 046 138 U 126 097 27028 365 3514
KopKriZ.  Kutnjak 4263 584 43 o000 425 100 425 M3 a3 RE2 UST 300 069 206 P 1630 141 39129 365 51415
KopKriZ.  Kutnjak 397 576 153 8000 425 100 425 163 42625 8088 35403 3000 063 18 P 1730 149 41518 365 54655
a0 g |7 Lunkt  KopKriZ.  Kutnjak 4137 574 162 80,00 425 1.00 425 162 43551 88,57 361,72 30,00 0,64 192 P 1992 172 47197 365 62805
Lunkt  KopKriZ. Kutnjak 5067 591 169 11000 425 100 425 163 44,77 9377 36632 3000 6377 356304 357 089 268 P 2981 258 71551 365 94018
Lunkt  KopKriZ. Kutnjak 467 600 139 1000 425 100 425 139 41237 6935 250 3000 3935 33352 33 083 250 P 1840 159 44153 365 68047
Lunkt  Varaid.  Kutnjak 2531 596 138 6000 425 100 425 138 41,16 6835 34150 3000 3835 181,85 181 045 1% U 978 084 267 365 30836
Lunkt  Varatd. | Kutnjak 2829 568 19 6000 425 100 425 149 4212 7745 35060 3000 4745 186015 186 047 140 U 1210 105 20038 365 38156
- LunKt  KopKrif.  Kutnjak 317 598 173 60,00 425 1,00 425 173 44663 97,80 370,95 3000 67.80 196815 197 049 148 U 17.29 149 41496 365 54526
LinKt  KopKriZ. Kunak  2531-5067 15173 | 60-110 010730 879 244147 365 320810
Lunkt  KopKriZ. Vopodnec ~ 2382 640 144 6000 425 100 425 M4 41740 7353 668 3000 4353 | 1833 18 046 18 U 110 09 26639 365 35004
Lunkt  varald. Vopodnec 2009 643 121 6000 425 100 425 121 39804 5413 32728 000 2413 17641 L7 043 10 U 615 053 14766 365 19402
Lokt KopXriZ. Vopodmec ~ 3442 630 140 8000 425 100 425 140 41280 69,71 34286 3000 3971 2458 28 o8 Y] 1350 147 32400 365 42574
Lkt KopKriZ. Vopodnec ~ 3682 620 152 8000 425 100 425 152 42563 8037 35352 3000 5037 25008 250 063 188 P 1743 148 41101 365 54007
Linkt  KopKriZ. Vopodnec ~ 4542 630 152 11000 425 100 425 152 4540 8017 35332 3000 5017 343676 348 08 258 P 2346 203 56292 365 73968
Linkt  KopKriZ. Vojodnec ~ 3482 644 145 8000 425 100 425 M5 41823 722 34737 000 4422 24573 286 081 18 P 1503 130 36083 365 47414
LunKt  KopKriZ. Vopodnec 3542 647 124 9000 425 100 425 124 39686 5647 32962 3000 2647 262325 282 066 197__ P 1012 087 20297 365 3197
Lunkt  KopKriz. Vopodinec 20094542 121150 | 60-110 T 8% 6574 se8 157774 365 207315
Lunkt  Varatd.  Liin 2211 610 6000 425 100 425 128 40072 5968 33283 000 2968 L7586 177 om 2 v 757 065 8162 365 23865
Lnkt  varatd. L 4233 595 126 11000 425 100 425 126 399,06 5838 33153 3000 2838 3248 32 08 202 P 1327 145 31846 365 41846
Lnkt  varatd. | Lwii 43 54 12 1000 425 100 425 132 40479 6306 33621 3000 3306 32030 327 O 245 P 1545 134 37091 365 48737
Linkt  varatd. L 3200 605 1322 7000 425 100 425 132 40521 6341 33656 3000 3341 20825 208 052 1% P 934 08 2385 35 31341
LnkKt  Varaxd.  Liin 3081 624 128 7000 425 100 425 128 40L52 6034 33349 3000 3038 206830 206 052 155 P 903 078 21666 365 28469
Lnkt  varatd. | Lwin 3150 628 121 8000 425 100 425 121 39405 S414 32729 000 2414 231529 232 038 1 P 821 071 1995 365 25879
Lkt varatd. | Livi 3150 610 118 8000 425 100 425 118 3%% 5152 32467 3000 2152 22967 230 057 12U 732 063 17560 365 23074
Lkt varatd. | Lwn 22114331 120130 60-110 57 55000 483 134149 365 176272
Ukupno Lun-kt 1709-5067 120173 60-110 Pucs 29,02 Mwe 2336 M
LKt KopKniZ Kulnjak 25316067 185169 60-110 11,08 101,73 6769308 2041475 365 320810
LunKt  Kop.KriZ. Voodinec 20094542 121150 60-110 82 65,74 5679864 157774 365 207315
Varazd.  Livii 2114331 120130 60-110 B 55,90 4829366 134149 365 176272
17095067 120173 60110 pex-out 29,02 Mwe 223,36 Mwt

Lunkt
Lunkt

Geotermalna Energija d.0.0. Zagreb

Kolbah et all., 2017
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The direct heat use requires lower investment, thanks to the relatively
shallow drilling (<1500m) and lower geological risk in the better explored
area, by massive geological-geophysical acquisition and > 4,000 deep
wells with a number of tests and production. With relatively small sample
at 500 locations, we expect possibility of direct heat yearly consumption
from 750 to 1,300 MW,, equivalent to 300-650x106m?3 natural-gas per
year, or 12-26% of annual consumption of natural gas in Croatia, plus
AVOED . NG provided energy from power plant cogeneration and non-conventional
{w/\'\ % \. w;“m,\-‘/.:\/i .~:, S s 2D SEISTMIC LINE POZ KOT -3 - 80 gaS reaCh 1/2 Of It

DP =100 m

1|75 2?0 2|25 2.?0 2|75

Nearly most of N Croatia

with high geothermal

surface flow have

opportunity to use some of

DWB according to local

basin developments .. i e
data-intelligent operatlon of mtegrated power and
thermal systems for accelerating the green
transition using thermal storage solutions on the
proper scales is a challenge to Croatian

Gte geothermal direct heat resources
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Worldwide gas reservesand (assumed) resources by type, at the end of 2008:
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Non-conventional resources of natural gas dissolved in geothermal

water (Aquifer-gas / Water-Dissolved-gas) and produced within this. It is
the case at Bosnjaci, Draskovec, Bizovac and many other locations in
“7] Croatia. According to the world wide analysis, aquifer-gas resources are

2755| considered to be nearly double that of the total amounts of natural gas in

46| conventional traps. In the 400 of 500 allocated objects, by conservative
estimates, we expect > 160 x 10°m?3 natural-gas or > 5% of annual
consumption of natural gas in the country

(in Billon nr’) Reserves | Resources | TOTAL
Conventional Gas 188 239
Unconventional Gas 5 2720
shale gas 456
other tight gas 3 210 213
Coalbed methane 2 254 256
aquifer gas 800| 800
gashydrat 1000 GTW DeltaT Pt G/W Gas
m3/dan oC MWt m3/m3
Source: DIW Berlin 2010 30 0,71 3,5
30 1,41 3,5
Electric power, direct heat with un- 30 2,12 3,5
conventional gas with thermal storage 30 - 3
solutions should be integrated into the yre 5 =
energy systems powered by 40 1,89 4,5
digitalization and data intelligence, 40 2,83 4,5
40 3,77 4,5

which is the main subject of the
Center for IT-Intelligent Energy
Systems (CITIES) project

Gte
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Hydro-dynamically testing at the
site of a geothermal power plant

under construction Draskovec
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T Conclusion
The intelligent data operation of district heating / cooling systems opens next, crucial market for the
development of geothermal-water potential especially direct heating, nhon-conventional gas production but
also the possibilities of underground heat storage technologies - development and management DWB.

To that point, serious development of direct heating facilities was limited to a very limited number of HT

greenhouse producers, enough strong to invest in development and substitute huge amounts of energy

nearly all seasons of the year.

Even with the production of electricity our very conservative quantification, of the several already proven
fields have not been accepted by official institutions. That happens due to heavily subsidized ,clean”
energy prices, the declining demand because of energy saving and still high and not regulated ,dirty”

energy production in the EU. In countries like Croatia with such low energy prices it makes any
iInvestment in power plants economically not acceptable. So even such stable, renewable and clean
resources like geothermal very hardly can be developed and even recognized.

Now even the international developers here claim that 100 MW, installed capacity is possible in the first

round at already known fields what we see just the 10 % of expected.

Here an open debate between different industry, academia and governmental partners, will hopefully
result in an improved collaboration between different partners and a better understanding of problems’
solutions and possibilities in the domain of district heating / cooling systems where intelligent data
operation can lead to rational development and consumption of all country resources as well as

geothermal.
Gte
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