
OVERVIEW OF UNDERGROUND ENERGY STORAGE POTENTIAL IN CROATIA

Iva Kolenković Močilac, Marko Cvetković, Bruno Saftić & David Rukavina
University of Zagreb ­ Faculty of Mining, Geology and Petroleum Engineering

Chronostratigraphy

Q
U
A
T.

P
li
o
c
e
n
e

MESOZOIC
PALAEOZOIC

P
 a

 n
 n

 o
 n

 i
 a

 n

VERA Fm.Županja Sandst.
Borovo Marl

Jarmina Mbr.

V
in

k
o

v
c
i 
m

a
rl

Osijek Sandst.

VUKA Fm.

B
iz

o
v
a
c
 M

b
r.

 

Laslovo Marl

VUKOVAR Fm.

VALPOVO Fm.

Pt

Sarmatian

Badenian

M
IO

C
E

N
E

N
E

O
G

E
N

E

C
E

N
O

Z
O

IC

B

VINKOVCI Fm.

G

H

A

Tg

Lithostratigraphy, shematic lithology 
and marker horizons

IV
A

N
IĆ

 G
R

A
D

 F
M

.
K

L
O

Š
T
A

R
 I
V

A
N

IĆ
 F

M
.

Š
IR

O
K

O
 P

O
L
JE

 F
M

. GLOGOVNICA FM.

LONJA FM.

M
O

S
L
A

V
A

Č
K

A
 G

O
R

A

G
R
O
U
P

PRKOS FM.

PREČEC FM.

R
E

G
IO

N
A

L
E

K
-M

A
R

K
E

R
S

α’

τ

λ

lxp

Hp
Rφ

Δ

Rν

z’

Rs4

Rρ

Rs5

Rs7

PT
(Tg)PRE-TERTIARY

QUATERNARY

N
  
  
  
  
  
E

  
  
  
  
  
 O

  
  
  
  
  
 G

  
  
  
  
  
 E

  
  
  
  
  
  
N

  
  
  
  
  
E

gravel

conglomerate

breccia

sandstone - 
potential
deep saline
aquifer

clay

marl -potential
reg. isolator

marly
limestone

limestone

coal seam

Lipovec Member

Zagreb Member

Okoli Sandstones

Poljana Sandstones

Bregi Sandstones

Graberski Member

Lepsićki Marl

G
ra

b
e
rs

ki

  
  
M

a
rl B
re

zi
n
e

  
 M

a
rl

K
lo

št
a
r 

Iv
a
n
ić

  
  
  
 M

a
rl

Iva SandstonesG. Šarampovski Marl

Ježevo Marl

Ježevo Member

Mramor Brdo SandstonesTorovi Marl

Voloder Member

Ciglenički Marl

Kutinski Sandstones

Bujavica Sand.

Krivaj
MarlKrivaj

 Member

K
le

tiš
te

  
M

a
rl

Ključni Marl

S
  
  
  
A

  
  
  
V

  
  
  
A

  
  
  
  
  
 G

  
  
  
R

  
  
  
U

  
  
  
P

  
  
  
A

P
A

N
N

O
N

IA
N

P
O

N
T

IA
N

OTTNANGIAN

KARPATHIAN

BADENIAN

SARMATIAN

PLIOCENE

sandstone

marl

BASEMENT O
F

NEO
G

ENE

C
O

M
P
LE

X

?

SAVA depression DRAVA depression

500

500

500

500

5
0
0

500

500

500
500

500
500

500

500

2500

2500

2500

2500

2500 2500

2500

2500

2500
2500

2500

1000

1000

1000

1000

1000

1
0
0
0

1000

1000

1
0

0
0

1
0
0

0

1
0
0
0

1000

1000

1000

1
5
0
0

1500

1500

1500

1500

1500

1
5
0
0

1500
1500

1500

1500

1500

1500

1500

1500

1500

2000

2000

2
0
0
0

2000

2000

2000

2000

2000

2000
2000

2000

2000

2000

300
0

3000

3000

3000

3000

3000

3
0
0
0

3000

3000

3
0

0
0

3500

3500

3500

3500

3500

4000

4000

4500

4
5
0

0

2500

2500

2
5
0
0

2500

2500

25
00

2500

1000

1000

10
00

11000

1000

1500

0
0

1
5
0
0

1500

1500

2000

2000

2000

2
0

0
0

2000

2000

3000

3000

3000

3
0
0
0

3000

3000

3000

3500

3500

3500

3500

4000

5000

350000 400000 450000 500000 550000 600000 650000 700000 750000

4
7

2
0

0
0

0
4

8
0

0
0

0
0

4
8

8
0

0
0

0
4

9
6

0
0

0
0

5
0

4
0

0
0

0

500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500

Thickness (m) 

0 100 km

1000

500

0

Sea bottom depth (m)

2

2'

1 1'

J-10

KM-1
Klara-1 Kate-1

J-13

J-3KM-2
J-2

RK-3
J-9

SM-1

Jel-1

Jana-1

Pal-1

Vlasta-1

Maja-1
Melita-1

IM-1 Ivana-2

0 20000m

0 100 km

Well

1
1'

Location of the section

Fault (general)

Fault active in Pl and Q

Reverse fault

Normal fault

National border

Diapire location

Outline of regional aquifer 
for CO storage2 

Kate-1

Legend:

Po B
asin

Istria foreland

D
ugi otok foreland B

asin

M
id

d
le A

d
riatic sea B

asin

Split

Dubrovnik

Šibenik

Zadar

Rijeka

Pula

Vis i.
Jabuka i.

D
ugi otok i.

Premuda i.

Susak i.
Mali Lošinj i.

Brač i.

Hvar i.

Rovinj

Pag i.

M
t. Ć

ićarija

Žirje i.

Istria

3.5

4.0

4.5

5.0

5.5

Average 
geothermal gradient

°C/100 m

Zagreb

DSA Drava
DSA Sava DSA

Osijek

Regarding other energy storage options, based on general 
knowledge of geological setting and the current level of 
exploration focused on regional assessment of CO  storage 2

potential, there is a potential for underground storage of 
hydrogen and hot compressed air in deep saline aquifers within 
the Sava and Drava Depressions (Pannonian Basin). It should 
be noted that there is a possibility of conflicts of subsurface use, 
since it is reasonable to expect that the structures which will be 
identified as favourable for CO  storage are also the ones having 2

favourable properties (size, geometry, petrophysical properties 
of reservoir rocks ensuring large capacity and high injectivity, 
efficient cap-rocks) that make them target objects for 
underground storage of hydrogen and compressed air. Also, 
having the elevated heat flow, this part of Pannonian basin has a 
potential for use of geothermal energy (the first medium 
temperature geothermal power plant in Europe has started 
operating in January 2019), which also represents another 
possibly competitive option for use of the deep subsurface.Due to the unfavourable geographical position of salt diapirs, 

energy storage in salt caverns is not likely to be an option for 
Croatia. Namely, central part of the Adriatic offshore (area around 
islands Jabuka, Brusnik, Vis and Palagruža) is characterized by salt 
tectonics, with presence of different halokinetic structures, including 
salt diapirs of variable size and time of formation. Energy storage in 
offshore salt caverns can be ruled out since it is technically and 
economically unviable. Other offshore storage options, in depleted 
gas reservoirs and structural traps in clastic and carbonate deep 
saline aquifers, can also prove to be economically unviable, not only 
due to the unfavourable location but also because the said 
structural traps haven't been sufficiently characterized and 
extensive targeted exploration will be needed before any 
recommendations can be made.

Generally, underground storage objects in deep saline 
aquifers can be economically challenging, because they 
demand significant initial investment, including investment in 
their identification and characterization, yet it is envisaged that 
they represent the only option for storage of hydrogen and hot 
compressed air. 

Apart from the general overview carried out within the ESTMAP - 
Energy Storage Mapping and Planning project, the potential for 
underground energy storage in Croatia hasn't been studied yet. 
Currently, energy storage in Croatia is limited to a single 
operating natural gas underground storage in one of the depleted 
gas reservoirs of the Okoli field in Sava Depression, east of 
Zagreb. Reservoir rocks are turbidite sandstones of Upper 
Pannonian age with rather favourable petrophysical properties, 
with anticlinal trap. Since the underground storage of natural gas 
represents the important step towards the security of natural gas 
supply, underground storage of the natural gas in a gas reservoir 
of the Grubišno Polje field in Drava depression in northern 
Croatia is planned. Since this reservoir has never produced, the 
first phase of the project involves its partial depletion and the 
maintaining gas is intended to act as a cushion gas.
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