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Okm  100km 200 km

/ Streched (thinned lithosphere)
High heat flux (90-100 mW/m?) —

continental average (60 mW/m?).

Geothermal gradient 45 °C/km
(World average: 20-25 °C/km)
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2 major geothermal

reservoirs

- Karstified fractured-

weathered zones

(Palaeozoic-Mesozoic
basement carbonates):

- Multilayered porous

sediments (Upper Miocene-

Pliocene “Pannonian” basin

fill sequence) : intergranular /

porous reservoirs: best: delta
Late Miocene palaeoenvironment present-day pattern of Late Miocene strata ( Sh elf) fr Ont san d S
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turbidites
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Agriculture: major
sector for direct heat [ ———
utilization (greenhouses, | | o.o" @ e 8%
plastic tents) C PR

350000

300000

250000

Industrial purposes: few
wells, typical outflow
temperature is 40-50 °C

200000

150000

Balneological: ~255
wells, 40-50 °C outflow
temperature

100000
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T T T T T T T T T
450000 500000 520000 600000 650000 700000 750000 800000 850000 900000

District heating: 21
towns in 2016 (thermal Red line: provisional
water heating cascade contour of the

system DARLINGe area
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LEGEND
Geotectonic units
Sediments of the Pannonian basin
Mostly sedimentary rocks of Southern Alps and Dinarides

|| Magmatic and metamorphic rocks of Eastern Alps

[/} Metamorphic racks in basement
101 Sedimentary and carbonate rocks in basement

—— Fault
ALl Thrust

A Locality of direct heat use

(Rajver et al., 2016).
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Temperature (°C) at 2000 m depth below surface
Production geothermal wells and natural thermal springs, in use in 2015

o~

thermal springs, T (°C) at outflow
%/ 20to 29
V¥ 30to 39

wells, T (°C) at wellhead
® 20to29
@® 30to039
@ 40to 49

@ 50t059
' 60to69
® 70to79

— 60 ——/isotherm (°C)

o borehole with
geothermal data

T ( £33 \ ' : y method of interpolation:
- : % kriging
Scale (km,
(km) . GeoZs Geological Survey of Slovenia, 2016 ©
20 30 40 *
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Geothermal conditions

Useful (Economic)

resources:
Identified Undiscovered
(2]
1.b probable
1.c possible
Subeconomic
resources:
Identified
Undiscovered
Proven useful identified resources
(1.a) lying over undiscovered and/or
subeconomic resources

Geothermal resources of NE-Slovenia
(Rajver et al., 2016).
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Direct use from thermal water at 34 localities; Installed capacity: 65.62 MW,,
Annual thermal energy used in 2015: 486 TJ (=11.61 ktoe)

ca 9350 geothermal (ground-source) heat pump units (GSHP), both water-
source (W) and closed-loop ground-coupled (H and V) systems; their total
capacity: 136.64 MW, Annual thermal energy used in 2015: 732.09 TJ
(=17.49 ktoe) of thermal energy.

Total: from capacity of 202.25 MW, the annual geothermal energy used in
2015: 1218.09 TJ/yr (=29.094 ktoe—338 36 GWh), equals 0.43% of gross
domestic energy use at level of primary energy supply (282.2 PJ in 2014).

Shares (%) of geothermal energy used in Slovenia
in categories of direct use in 2015

Other uses
(DHW); 0.8

Bathing & Geothermal heat

swimming (incl. £ ol
balneology); 8.5 9 pumps ; 60.

Snow melting; 0.1_

soil heating; 9.6 Ajr conditioning

(cooling); 1.6 District heating;
1.8
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Pannonian part —

‘ / « sedimentary basin

27 conditions (Mura,
Drava, Sava and
Slavonija-Srijem
depressions)

- favorable geothermal
conditions -average
heat flow is 76 mW/m2,
and geothermal
gradient 0,049 °C/m

 sandstones, dolomites,
metamorphites

« T50-200°C

Dinaric region - low heat
fow 29 mW/m2 and
temperature gradient
0,018 °C/m
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: Croatian part Natural springs Deep boreholes Planned projects
of PBS ! hyperthermal X hyperthermal %  electricity

y homeothermal % homeothermal % tourism
; hypothermal X hypothermal
- subthermal

- Geothermal region of Hrvatsko zagorje
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1] 20 40 60 B0
| m—m eeeee— |
Kilometers
Legend

Recovered Geothermal Water Temperature (°C)
@ 120-> 120

Hungary

® 120 - 80
<] 80-55
o 55-35
Slovenia o 35-25

Croatia

Basnia and Hercegovina

Known geothermal water sources in Croatia
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Current utilization

LEGEND

Hungary 1
I Exploration Licenses

Production Licenses

Slovenia

Croatia

Serbia

Bosnia and Hercegovina

Exploration and production blocks licensed by the government in the
northern Croatia
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Br. Dikrug Lakaliiet Tip T Q SR M

snags
Banja B I AW
L. | Sevemo-banemski | Kanijike brunar 27-63 19 238
2. | Fopabwo-baiki | Fumakovic bunas 1549 20 236
3 Sevemo-banatsky | Beéej Brunar &S 25 4.71
4. Sremski Vrdnik bonar 31 45 245
5. Deoprad Selters Bunar 32-60 20 2.09
B | Podumavski | Yemmaetl bunar 50 4 0.50
| kiselink oo
T K.odubarski Liig i 31 L) 022
8| Madvamki Kavilizia Funar 30 20 084
. ﬁ-‘u.lm.-:l sk Bukovitka bunar 3i-34 3 018
6 | Moswvitts | Goraia Treghs | T s bue | 3791 |31 0.97
11 Mooravithki Oreliar isnvar § hunar A6-38 S i

12 | Péniki Vinjatka iwvoribumer | 36 i oA
13 Rafki Matarufka Eromar 25:51 72 6.02
14 | Raiki | Bogutavac s 25 10 0.21
15 Rasicsk: | Ribarska lawar | bumsr 44 Ly 372
16 [Barski | Bresovac | ievar i huer | 20.41 7 2.44
17. Fajetarski | Camzigrad izvar t huoas 30-41 jIi] 0.63
18. | Zajetarski Scko iwwar i bunar | 3246 I3 .04
1% Flatiborsii Pribag fran e 36 il 4.9
20| Toplitk | Lukovsia hunar B-f7 12 231
21. Migaveki | Mitka frahily 37 15 249
22 | Ragki | Todanicka Sevar 50-77 13 138
23, | Tolitka Kurfumlijska bumir - 16 285

24 | Tetcki Profum Franar 3l 1 045
253, | Jablanidii Sijuricska izvar i huner 61T il 7.53
26 | Rafki Navoparerskn Ervac =1 5 .65
2T Pirotski Evoostia fratily 28 5 0.17
1258 80 T8 00 - Pizniaki VWranjgka | iwvaribuner | 6305 L] 19.08
T —— e : brarmar 42 7 .64
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MAP OF HEAT FLOW DENSITY MAP OF TEMPERATURE
AT THE DEPTH OF 500 m




Geothermal potential

Legenda

Klasteri

i [ <1omwt

/ [27] 10-30 Mwt
" [37] 30-50 Mwt
2] s0-70 mwnt
Bl 70 - 90 Mwt
[C6] 90-110mwt
110 - 130 MWt

130 - 150 MWt
150 - 170 MWt

Bl - 170 wwt

Kosovsko
\Mitrovacki

Jablanicki

012.525

50 75

Kilometers
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Potential Effective Total
Region Districts thermal thermal thermal
power power power
MW, MW, MW,
= U 1200 1200
5 area
g |cityarea 1.100 1.100
Severno backi 37.4 I 459 833
Zapadno 285 157.1 185.6
backi
- Juzno backi 65.6 139.0 204.6
& Severno
'§ banatski 36.3 46.2 82.5
S E;‘I’l‘;‘t‘ili 299 573 87.2
Juzno |
banatski 41.8 126.4 168.2
Sremski 37.3 250.6 287.9
g Macvanski 37.1 233.7 270.8
2 Kolubarski 9.2 32.8 42.0
= Zlatiborski 15.7 | 120.9 136.6
N & [Moravitki 112 ‘ 217 329
2= [Sumadiski 122 \ 289 411
= Rasinski 11.1 20.7 31.8
E Raski 10.5 57.4 67.9
N Pomoravski 29.7 106.7 136.4
. Podunavski 21.5 160.1 181.6
E’ Branievski 20.1 98.0 118.1
@ Borski 7.2 18.7 259
= ZajeCarski 28.0 [ 32.6 60.6
):_5 Nisavski 24.4 453 69.7
E Pirotski 272 76.3 103.5
s Toplicki 3.7 10.1 13.8
&) Jablanicki 17.8 28.6 46.4
= P&injski 14.7 22.9 37.6
Kosovsko-
Mitrovacki 24 e 48
= Kosovski 8.9 26.0 34.9
§ Pecki 28.2 92.7 120.9
¥ Kosovsko-
pomoravski 1.8 18 6
Prizrenski 10.5 43.4 53.9

TOTAL
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Austars um (Aumars) REPUBLIKA SRBLIA
Lo o iz - golcliuon pkutioniy AUTONOMNA POKRAJINA VOJVODINA
S1207 yar Mitesa Ziokolica Mandie, diplink geol, {Geokodks Institut Srbije) POKRAJINSKI SEKRETARMAT ZA ENERGETIKU | MINERALNE SIRGVINE
Zorica Vuskicewe, dipLind.gect (NIS - Nattna incustria Sraije) REPUBLIC OF SERBIA
ATOHEAIOUE PROVNCE OF VNGNS - PROVNCAL SSCAETARMT FOR ENERCY AN MMERAL RESOURCEY
S pasasisen ATLAS PRIRKD (ATLAS PREFARZD BT]
itnl gl B it i o ) irisn.
Prana Domie, diplink geol. (WIS Kafina suatifa Sty e
O Petar i, diplink geal. {Booloali Inslita Sebfol
s i, B s g, (Gackoh et 1) GEOTERMALNI ATLAS VOJVODINE
5100 i GEOTHERMAL ATLAS OF VOJVODINA
oo E & Sam
KARTA HIDROGEOTERMALNIH NALAZISTA
- =+ b EKSPLOATACIJI
b (Prema pudau:lma iz 2008. godine)
5080 Zeti(H
L2t | " 4 \, M MAP OF HYDROGEOTHERMAL RESOURCES IN USE
e A b !
5 BY - FEP 0_ (( {according to data from year 2008.)
BT-1M
LEGENDA
| . LeaEND
8 £
gy 5 0 Hidrotermalna bugotina (u proizvadnii}
n ; kg Hyrothoemal bosonete i use)
Hidratarmalna bugotina (trenutno van upotrsbs)
Hydrothesmal boretiole {temporary out of use)
So-1H Itoting spltivania
] @
Hidrlermalna buleting (likvidirana, havarisana ik sa
@ [eFoEn staiusom)
5040 = “ el o , damag
1HE
# 45
s‘,f
a-z“'g"’fa'u !
e BP-1H O g BP-ZH auuﬂ
5020 . / bl 5 aqam
x Geam
%skﬁaﬁl '
L s o
¢ 2 .Ia-l.‘fg
EriH Lzt
5000 ® i
6
71 =
11K
S Ing-H @, uid!
i x T
; 72
4980 5
x
P =
° V" ",
4360 -
AT E Kup-1 Ji'
- B
X
Bl - r J ol 5 }
7320 7340 7380 7380 400 7420 7440 7460 780 7500 7520 7840 11
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Bosnia and Herzegovina



Geological setting
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Geothermal conditions

B socrionous l'lmnh:
Banja Luka Neagene Basin
I Bosnian Sch. Mt

I ovina ivanjica Element
I ourmitor Fiysch Unit

B mesczoic Carbonate Rocks of The Exiems

[ ] wmﬂdmm
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Pliocene-Quertznary Sediments
Praca Palmoaoic
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1] 25 50
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Geothermal conditions DARLINGe

ficy)

Utilization of geothermal energy for direct heat

F = Fish farming

H = Individual space heating (other than heat pumps)
B = Bathing and swimming (including balneology)

G = Greenhouse and soil heating

Hydrogeothermal regions

Q Border of hydrogeothermal regions

/ ‘/f 1 Mesozoic massif of NW Bosnia
/ ‘ N, 8 2 Mesozoic and Tertiary artesian basins of northern Bosnia
o54 3 Una-Sana Paleozoic massif

4 Ophiolite massif
5 Mesozoic Mid-Bosnian massif
SERBIA 6 Mid-Bosnian Paleozoic massif
7 Mid-Bosnian Mesozoic basin
ZXprinaca 8 Paleozoic massif of SE Bosnia
9 Paleozoic and Neogene massif of E Bosnia

/I,

Temperature and depth of aquifers

[ 120-140°C at 2500 m

=)\ Argeten g [ 90-100°C at 2500 m

30-70°C up to 500 m
2 Proved and perspective geothermal zones

[[TTT important proved resources in use
—1 Less promising geothermal zones
[~ Promising geothermal zones

Other symbology

.‘-1 Locality for direct heat utilization

e  Other significant geothermal waters

MONTENEGRO

e |mportant towns

Boundary between Federation of B&H and Republic of Srpska



Current utilization

Locality Borehole Utilisation
Ljesljani BL-1 Recreation
Seh Coal Recreati
eher B1 ecreation
KB-1
. SB-1 Balneology,
SIEULE SL-1 heating
SB-4
Laktasi L1 Balneolo
L3 gy
Kulasi B-5 Balneology
Tesli¢ B-E Balneology
GB-6
Kakmuz, Petrovo TGP-2 CO, extraction
DVOrovi 51 Balneology, recreatlon,
heating
Slobomir GD-2 Heating, agriculture
Videgrad > Balneol
iSegra B2 alneology

“)
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balneology and recreation
M heating

CO2 extraction
M agriculture

e

Balneology — traditionaly dominant, very
rarely some other kind of use (heating, GE,
agriculture)

Direct use of geothermal energy is implemented at 21 localities in B&H.
Total used thermal energy from deep geothermal reservoirs is about
23 MW,, or 88.64 GW,, /yr and only 8,5MW,, is in Pannonian Basin.
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Geological setting

Alpine orogen
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Geothermal resources
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Location of the Romanian geothermal reservoirs

The geothermal systems discovered on the Romanian territory
are located in porous permeable formations such as Pannonian
sandstone, interbedded with clays and shales specific for the
Western Plain, and Sennonian specific for the Olt Valley. Some
geothermal systems are located in carbonate formations of
Triassic age in the basement of the Pannonian Basin, and of
Malm-Aptian age in the Moesian Platform
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The first geothermal well in
Romania was drilled in 1885 at Felix
Spa, near Oradea. The well was 51
m deep, with a flow rate of 195 I/s
and a temperature of 49°C. It was
followed by the well drilled at
Caciulata (in 1893 - 37°C), Oradea
(in 1897 - 29°C) and Timisoara (in
1902 - 31°C).

The search for  geothermal
resources for energy purposes
began in the early 60’s, based on a
detailed geological program for
hydrocarbon resources (that had
extensive budgets). There are over
200 wells drilled with depths
between 800 and 3,500 m, that
shows the presence of low enthalpy
geothermal resources (40+120°C),
which enabled the identification of 9
geothermal areas, 7 in the Western
part and 2 in the Southern part.
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[} hartigrro/geofmca-vl/ X
’ - Type of reservoir sandstone
B Bl i B Mt MY Area km? 2,500
Depth km 0.8+2.1
R A o < (L Drilled wells (total) 88
S ¥ date :_le\jt.l:n:;ce :r:i:Tcr.ﬂ: R Hlice! Active wells 37
T. e S E N b R e e ke Vo ERERRN. o ot Well head temp. °C 50+85
i T Temperature °C/100 3.8+5.0
R = gradient
oo NS TDS g/l 2+7
# || gradeentul gectermic mediu I 3000 m Mty
zonarea genetica a apelor hipertermale din Ny Mg s GWR N m3/m3 0.5+2.5
= ! Type of production Artesian+Pumping
. o AL Flow rate I/s 4+40
' SO : Operations 37
I .05 o i e Annual savings toe 18,500
& [ zacamints si vins de 3ps minerale i tarmale = Total installed power MW, 210
@ B demerthe tadrogeckogice s (with existing wells)
¥ || gradul de mineralizare pe profile hidrochimice. gt ;
MR ‘ Exploitable reserves MW/day 4,700
e = i (for 20 years)
uprafsts Coptmil) Firdes
n Er-.:a-e.lab kY Main uses:
= @ bidrogeslagie 1M Nidmg s space heating dwellings 2,460
—— . .
frvoare o e ' sanitary hot water dwellings 2,200
@ [ ammaiari bideatebnice T greenhouses ha 34
+ hidrazohipae Ofeba Rowu But N ) -
I Fidiug ol industrial uses operations 7
i =il health bathing operations 8
g

U Most of geothermal deposits are located in the western part of Romania, in the eastern part of the Pannonian Basin.
Q Pannonian geothermal aquifer is multi-layered and cover an area of approximately 2,500 km?2, along the western border of
Romania, from Satu Mare in the north to Timisoara and Jimbolia in the south. From geological point of view the geothermal
waters in the western part of the country are located in the following structures:

* porous - permeable sandy rocks (sandstones) at the basement of Upper Pannonian (800m to 2,100m depth)

» fractured / fissured rocks (limestone and dolomite) of Mesozoic age at a depth of deposits between 1,000m and 3,500m,
U The water temperatures are between 40 and 120 °C, the heat source being the upper mantle (asthenosphere) and/or magma
chambers located at different depths in the Earth's crust.
U The geothermal gradient is 45-55 °C/km. The mineralisation of the geothermal waters is 4+5 g/l (sodium-bicarbonate-chloride
type) and most of the waters show carbonate scaling, prevented by downhole chemical inhibition. The wells are produced mainly
artesian, but also with downhole pumps.



The geothermal area Mures-Crisul Negru
(Arad county)

A - Production Well
® - Stand by Well
B - No data Well
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The area Mures — Crisul Negru is
located in the south of Crisana
Plain and north of Banat Plain. It
belongs to the lower Pannonian.
The aquifer is multilayered type,
consisting of alternating layers of
semi permeable and porous and

L permeable formations of the

basement of Upper Pannonian.

The water temperatures are

" /= between 50 and max. 70 °C without

carbonate scaling tendency. The
mineralisation of the geothermal
waters is 1.8+2.5 g/l (sodium-
bicarbonate-chloride type). The
combustible gases, mainly
methane, are separated from the
water.

Geothermal waters can be
unrestricted discharged into rivers,
lakes, canals, being included in
water without toxic lethal action.



The geothermal area Timis (Banatul de Vest)

Hungary

Judetul
Timis

O Production wells location
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Geological research
conducted during 1976 -
1999 by drilling, testing and
production of the geothermal
wells at the basement of the
Upper Pannonian revealed
the Banatul de Vest
geothermal system which is
currently the largest
geothermal aquifer in the
country. The extent of the
system is an area
of approximately 2100 kmZ
Is delimited conventionally
south, west and north of the
state border (extending far in
Hungary and Serbia).

The water temperatures are
between 80 and 100 °C (at
1700 -1900m depth). The
mineralisation of the
geothermal waters is 2.5:4.5
gll (sodium-bicarbonate-
chloride type) and the flow
rate up to 30 I/s.



Current utilization
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) Maximum Utilisation Capacity Annual Utilisation
L \ { ; Locality Type | Flow Rate |[Temperature (°C) Ave. Flow| Energy Capacity
/ I : MOLDAVIA

5 1 \we E‘lTF F\N ; (I/s) Inlet | Outlet | (MWt) (I/s) (TI/yr) Factor
Satu Mare HB 12 65 30 [ 18 7 32.3 0.56
Carei BI 5 45 30 | 03 3 5.9 0.62
Acas GB 15 65 30 | 22 8 36.9 0.53
Tasnad HBG 10 70 25 1.9 7 415 0.69
Beltiug B 6 75 30 | 11 4 23.7 0.68
Sacuieni HBGFI 8 80 25 | 51 12 87.1 0.54
Marghita HB 6 65 25 | 2.0 10 52.8 0.83
_| |IBoghis BH 12 45 25 1.0 10 26.4 0.83
Mihai Bravu  [GF 6 65 25 1.0 0 0 0.00
Bors G 25 115 40 | 78 0 0 0.00
IHGBF 85 83 30 | 188 65 | 415.0 0.70
Livada BF 10 88 35 | 22 5 35.0 0.50
LT L] _ Felix BH 140 45 25 | 117 115 | 216.0 0.58
I Madaras BH 5 46 25 | 04 3 8.3 0.65
===l 1 | |[ciumeghiu G 12 92 35 | 29 0 0 0.00
|. P— ! o ! 1 | Cighid HBG 10 72 25 2.0 6 37.2 0.59
” e . et || L, 1/ 3 WL | Beius HB 44 83 30 | 9.7 15 | 104.9 0.34
— ' B L | Macea HGB 15 65 25 2.5 8 42.2 0.53
- N I o Curtici HGB 22 63 25 35 14 70.2 0.63
Dorobanti GB 18 60 25 | 26 9 415 0.50
ofronea HB 6 42 25 0.4 3 6.7 0.53
iratos IB 5 40 20 | 04 3 7.9 0.63
lrad B 12 40 25 | 08 7 13.8 0.54
INadlac IHB 10 78 30 | 20 8 50.6 0.80
Sannicolau  |IHBG 50 78 30 | 100 35 | 2216 0.70
Legend of the Table — type of utilisation saravale HB 8 75 25 | 17 5| 330 0.61
Tomnatic GB 45 80 30 | 94 22 | 1451 0.49
H = Space heating & district heating (other than heat pumps) :OVT"" ZgB ;’g % 3’2 ?g 32 1;?2 g-zg

. . . . . eriam . . .
B = Bathing and swimming (including balneology) limbolia T = s @ || e % || 2ma e
A = agricultural drying (grain, fruit, vegetables) Teremia IHB 15 85 30 | 35 6 435 0.39
| = industrial process heat Comlosu HB 10 81 25 | 23 6 44.3 0.61
A . Grabat 1B 6 80 30 | 13 3 19.8 0.48
G = Greenhouse and soil heating Beregsau 18 6 75 25 | 23 3| 198 0.48
F = Fish and animal farming imisoara HB 15 45 25 | 13 10 | 264 0.64
Herculane B 75 52 25 | 85 50 | 148.0 0.55

OTAL 889 156.6 659 |2840.8




