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G E O T H E R M A L ACTIV ITY I N H U N G A R Y
P R O S P E C T S A N D F U T U R E

Dr.

M O L H-1039 Budapes t ,  Hungary  

m u l t i - s t a g e  g e o t h e r m a l  u t i l i za t ion ,
abandoned C H - w e l l s .  g e o t h e r m a l  u n d e r t a k i n g  
a c t i v i t y ,  g e o t h e r m a l  p r o j e c t s  a n d  re fe rence  p lan t s  

A B S T R A C T

H u n g a r y i s w e l l - k n o w n a s a c o u n t r y of favourab le
c o n d i t i o n s i n of g e o t h e r m a l  r e s n u r c e s  h a v i n g  
a geo thermal g r a d i e n t  h i g h e r  t h a n the  wor ld  
average

a c o n s e q u e n c e o f t h e  a b n o r m a l l y  t h i n
l i t h o s p h e r y the h e a t  f l u x  of 80-100 i s
a b o v e the  average  fo r  c o n t i n e n t a n d t h e  m e a n  
g e o t h e r m a l  g r a d i e n t  of 20 i s s t e e p e r  t h a n  t h e  
normal va lue .

T h e  h i g h e s t  s u r f a c e  t e m p e r a t u r e  o f low e n t h a l p y
t h e r m a l  w a t e r s  a n d  g e o t h e r m a l  b r i n e from
g e o p r e s s u r e d  r e s e r v o i r s  t h e h i g h e s t  a q u i f e r  
t e m p e r a t u r e  r e g i s t e r e d  a n d
r e s p e c t i v e l y .

T h e  u t i l i z a t i o n  o f g e o t h e r m a l  e n e r g y  i n Hungary
t o b e i n h a r m o n y  w i t h  g e o t h e r m a l  a n d  

p o s s i b i l i t i e s of s u p p l i e s of t h e r m a l
wate r . p r o t e c t i o n of h y d r o l o g i c a l  r e s e r v e s  a n d  t h e  
requ i ren ien t s of e n v i r o n m e n t a l  p r o t e c t i o n .  

T h e  u t i l i s a t i o n  of g e o t h e r m a l
energy i n Hungary  would  be
p r o f i t a b l e  i n  c a s e of m u l t i -
stage u t i l i s a t i o n , i n energy-
c a s c a d i n g  s y s t e m ,  w i t h e l e c t r i c
power g e n e r a t i o n for
u s e . Also of t h e
e f f i c i e n c y o f h e a t  c o n v e r s i o n  
froin abandoned C H - w e l l s
e s t a b l i s h m e n t o f n e w forms o f

G E O T H E R M A L
B A C K G R O U N D

H u n g a r y  h a s  one of t h e  b i g g e s t  
g e o t h e r m a l energy
ior low a n d medium e n t h a l p y
i n T h e
c o n c e p t u a l  g o t h e r m a l  of
H u n g a r y s h o w n i n F i g .
M o s t of the t h e r m a l  w a t e r  

occur i n  t h e  U p p e r  
P a n n o n i a n h i g h  t e m p e r a t u r e  
w a i e r - d o m i n a t e d  s y s t e m s  w h i c h  
c o n s i s t s of r a n d and s a n d s t o n e
a n d t o a m i n o r ex ten t  c l ays  and
s i l t s O w i n g IO the l a c u s t r i n e .
l i t t o r a l fac ies , w e l l l o t h e
o s c i l l a t i n g rate  of  s u b s i d e n c e

of t h e  P a n n o n i a n  B a s i n ,  the  poros i ty  and
permeab i l i ty of l aye rs very i n an i r regu la r
p a t t e r n , bo th  hor izon ta l ly  and ver t i ca l ly ,
f o r m i n g a m u l t i - a q u i f e r rese rvo i r  sys tem.  The
maximum d e p t h of t h e boundary of the

P a n n o n i a n i s more t h a n 2.500m i n
t h e Grea t H u n g a r i a n P l a i n a n d  i n  t h e  N o r t h  of the
L i t t l e  H u n g a r i a n  P l a i n .  T h e  t h e r m a l  w a t e r  is of
a l k a l i b ica rbona te  type  a n d  t h e  t o t a l  
s o l i d s normal ly  amount  t o 500 t o 5000 At

p laces e x c e p t i o n a l va lues of 15000 ppm d o
o c c u r .

basement of Great H u n g a r i a n  P l a i n ,  
g e o p r e s s u r e d  r e s e r v o i r s  have been f o u n d . These
s y s t e m s  a r e  charac te r i zed by h i g h rese rvo i r

a n d  t e m p e r a t u r e s  and the  p resence  of
d i s s o l v e d  n a t u r a l  g a s  t o grams p e r l i t e r i n
t h e  l i q u i d  phase ) .

i n wel l pa r t of
Hungary)  be fore  a n d  d u r i n g  the f l o w were
m e a s u r e d

Wel l -head t e m p e r a t u r e

Wel l -head p r e s s u r e s t a t i c  c o n d i t i o n s ) :  
( i n s t a t i c  c o n d i t i o n s ) :  

400 bars
Reservo i r

Fig.

THE CONCEPTUAL GEOTHERMAL
MODEL OF HUNGARY

High water dominated system.
aquifer

The conceptual of

t e m p e r a t u r e
d e p t h 301 m :

Wel l - head
t e m p e r a i u r e ( in
d y n a m i c
Condi t ions) :

Wel l -head
p r e s s u r e ( i n
d y n a m i c
c o n d i t i o n s ) :
4 5 b a r s

F low-ra te of
geo thermal b r i n e :
2000

2. U S I N G
G E O T H E R M A L
R E S O U R C E S

In t h e  s t u d y  
1993 t h e wel l -

k n o w n fact been
a g a i n tha t

geo thermal
p o t e n t i a l of Hungary

e x c e l l e n t bu t  no t  as
grea t the
p o s s i b i l i t i e s in
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magmat ica l ly  overhea ted  zones  of t h e  E a r t h  
I c e l a n d ,  c o u n t r i e s  of t h e  P a c i f i c  v o l c a n o  be l t ,

T h e  p r e s e n t  s i t u a t i o n  of g e o t h e r m a l energy
u t i l i z a t i o n  i n  H u n g a r y  been s n a l y s e d . I t
c o n c l u d e d  t h a t  t h e  p a r a m e t e r s of
u t i l i z a t i o n on a w o r l d c l a s s l e v e l but  the  
e f f i c i ency is  very poor ,  because of

t h e p r o d u c t i o n of t h e r m a l  w a t e r  i s e x t e n s i v e
( a b o u t 200 M i l l i o n 1 9 9 0 )

d i r e c t  r e s e r v e  c o n s u m e r  
t h e wate r r e i n j e c t i o n i s n o w h e r e  u s e d ,  wa te r

d i s p o s a l b e i n g i n t o s u r f a c e b a s i n s .

I l l u s t r a t i o n of t h i s fact i s s h o w n The
t h e r m a l  w a t e r  r e s e r v e s  of U p p e r  P a n n o n i a n  
f o r m a t i o n s a s a m a i n g e o t h e r m a l  r e s e r v o i r s  a r e  
d i r e c t l y  c o n s u m e d .  

T h e aeothermal resources and
water-supplies Hungary

The wate r s u p p l y f rom d e p t h of 2 5 0 0 m m o r e
t h a n l e s s  t h a n  t h e  vo lume of t h e  t h e r m a l  wa te r
p r o d u c t i o n , t h i s  i s  o v e r e r p l o i t a t i o n . Moreover ,

the  hea t  u t i l i z a t i o n h a s a s e a s o n a l  c h a r a c t e r  

no e l e c t r i c i t y  g e n e r a t i o n  t o d a t e  u s i n g  

mos t of the u t i l i z a t i o n  e v a d e s  the c o m m e r c i a l

low ef f i c iency ;

g e o t h e r m a l r e s o u r c e s ;

tu rnover :

p o s s i b i l i t y of e l e c t r i c i t y  g e n e r a t i o n  by b inary
O r g a n i c  R a n k i n e  Cyc le  Sys tem ( O R C )
ana lysed o n t h e  b a s i s  of t h e r m a l  w a t e r  p r o d u c i n g  
w e l l s  a n d  a b a n d o n e d  C H - w e l l s .

T h e  b a s e m e n t  i n H u n g a r y  w i t h  h i g h  e n t h a l p y  
r e s e r v o i r s  ( g e o p r e s s u r i z e d  s y s t e m s )  s u i t a b l e  fo r
e l e c t r i c power g e n e r a t i o n have  been  mapped  

A p r e l i m i n a r y  a n a l y s i s  e s t a b l i s h e d  t h a t  t h e  
e l e c t r i c power g e n e r a t i o n by ORC m e t h o d  a n d  
o t h e r m e t h o d s f rom g e o t h e r m a l energy w o u l d
r e s u l t i n :

P o t e n t i a l  i n s t a l l a t i o n  capac i ty :
Genera ted e l e c t r i c  p o w e r :  
T h e  q u a n t i t y  of saved  impor ted  

2 5 MW

500 thousand t la
i t s p r i c e :

. The r e d u c t i o n o f a n n u a l  e m i s s i o n s  o f :  
810 t h o u s a n d

NO, .
3500 ,

T h e inves tment and opera t iona l  cos t s  of
geo thermal  power  genera t ion  have  been compared
w i t h domes t i c  power  p lan t  types a n d impor ted
e l e c t r i c power .  Th i s  compar i son  has g iven
favourab le r e s u l t s .

The u t i l i za t ion of geo thermal  energy  i n Hungnry
h a s t h e  f o l l o w i n g  s p e c i a l  c h a r a c t e r i s t i c s :  

2.1 I nconven iences

Geothermal  energy  as  a n type of energy
s o u r c e of low energy  l e v e l is local and i t  

i s p o s s i b l e on ly w i t h spec ia l types
of  heat  u t i l i s a t i o n  s y s t e m s ;  
S c a l i n g  i n  s o m e  p laces spec ia l

p rob lems w i t h inc reased c o s t s

2 .2 Advantages

Hungary has a big geo thermal  energy  
p o t e n t i a l ;

Geo thermal  energy  i s env i roment  f r i end ly  
type of energy w i t h o u t  a i r  po l lu t ion :

T h e dependency  on  i m p o r t e d energy  sources  
w o u l d be decreased :

N u m b e r of w o r k i n g  s i t e s  would b e inc reased ;

C o m p e t i t i v e n e s s o f geo thermal  energy  is
i n c r e a s i n g because of the doames t i c
p r i c e s of f o s s i l energy

3 . F U T U R E OF G E O T H E R M A L ENERGY
UTlL lSATlON

In  p resen t  day  Hungary .  geo the rmal  energy  
u t i l i s a t i o n i s a p r o m i s i n g  e n t e r p r i s e ,  b u t  s t a r t i n g  
i t some d i f f i c u l t i e s for c o n t r a c t o r s  w i t h  s m a l l  

c a p i t a l because of h i g h  r a t e  of i n t e r e s t
i n the g r a n t i n g of c r e d i t s .
( abou t 30% in Sep tember ,  1994)  

The prof i t ab i l i ty of the  pa r t i c ipa t ion  of
H u n g a r i a n O i l a n d Indus t ry i n t h e geo thermal
e n e r g y  u t i l i z a t i o n  were a lso i n v e s t i g a t e d .

If t h e s  f o l l o w i n g  c o n d i t i o n s  fu l f i l l ed t h e
u t i l i z a t i o n of g e o t h e r m a l energy  can  be p r o f i t a b l e
to the  o i l  a n d gaa i n d u s t r y .

S u c h  c o n d i t i o n s  a r e :  

t h e pe t ro leum i n d u s t r y
a b a n d o n e d (abou t 2000 w e l l s in
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for t h e r m a l  w a t e r  p r o d u c t i o n  a n d  a c t s
as a c o n t r a c t o r ;

21 the u t i l i z a t i o n of g e o t h e r m a l energy w i l l
i n c l u d e at l eas t two s t a g e s of energy
c a s c a d i n g ( e l e c t r i c i t y  g e n e r a t i o n  + d i r e c t
h e a t  u t i l i z a t i o n ) :  

the c o n t r a c t o r  c o m p l e t e s  a n d  opera tes  the  
g e o t h e r m a l energy u t i l i z a t i o n sys tem i n a n
up- to -da te  fo rm of v e n t u r e  ( s h a r i n g  of the
c o m m o n  p r o f i t ) .  

F o r u t i l i z a t i o n ,  i t  w o u l d  be e x p e d i e n t t o s t a r t  w i t h  
e s t a b l i s h m e n t of r e f e r e n c e plants i n Hungary

Four (4) typ ica l u t i l i z a t i o n projects have  been  
d e v e l o p e d  t a k i n g  i n t o a c c o u n t  t h e  g e o l o g i c a l  
t e c h n i c a l  c o n d i t i o n s  

T h e  p r e l i m i n a r y  geo log ica l , t e c h n i c a l  a n d  
e c o n o m i c  p l a n n i n g  of t h e s e four p r o j e c t s was
accompl i shed u s i n g d a t a from e x i s t i n g  s u r f a c e  hea t
u t i l i z a t i o n e q u i p m e n t . w e r e worked
to improve  the  e f f i c i e n c y of t h i s e q u i p m e n t  a n d  l o
d e v e l o p  n e w  t w o  s t a g e  f a c i l i t i e s  fo r e l e c t r i c power
g e n e r a t i o n  a n d  d i r e c t  hea t u s e .

A c c o r d i n g t o p r e l i m i n a r y  t e c h n i c a l  a n d  commerc ia l
e s t i m a t i o n s ,  i m p l e m e n t a t i o n  of t h e recomended
p r o j e c t s u t i l i s i n g g e o t h e r m a l  e n e r g y  w i l l b e
prof i table for c o n t r a c t o r s .

To i l l u s t r a t e  t h i s  s o m e of the e s t i m a t i o n s
fo r G e o t h e r m a l  P r o j e c t  for d i r e c t
hea t u s e a r e  g i v e n  i n  T a b l e  1 .

T a b l e 1 The economy o f a Geothermal  Project  
( 1 9 9 3 )
1 . W e l l data

Yie ld of g e o t h e r m a l  b r i n e ,  
1 W e l l - h e a d  t e m p e r a t u r e  d u r i n g  

1 . 3 h e a t  c a p a c i t y  of w e l l , 7 9 0
Tempera tu re r a n g e (AT)

R e a l i z a b l e  v o l u m e  of g e n e r a t e d
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of u t i l i z a t i o n  ( p r o j e c t e d ) ,  

e l e c t r i c power ,
2 . Costs investment

2 . 1 Time l i f e  of p r o j e c t ,  y e a r s :  

2 . 2 C o s t of i n v e s t m e n t , M M U S D
2 5

s t u d y
F u l l i n v e s t m e n t 2,0

+ e x p e n s e s  w i t h o u t  a m o r t i s a t i o n ,  
USD

G r o s  i n v e s t m e n t  c a r t

3 . Income data

3 . 3 G r o s s income, M M USD:
N e t  p r e s e n t  va lue , N P V , M M USD:
R a t e o f r e t u r n . ROR. 2 9

3 6 Time o f payback ,  yea r  1
3 7 P r o f i t a b i l i t y Index ,

The c h a r a c t e r i s t i c s of t h i s p r o j e c t :
. ut i l i za t ion i n t w o s t a g e , of energy  cascade  

sys tem ( e l e c t r i c power g e n e r a t i o n + di rec t
h e a t  u t i l i z a t i o n ) ;  

d i scoun ted  p r ices  %);

The commerc ia l and economica l e s t i m a t i o n s are
very conserva t ive b e c a u s e the f o l l o w i n g fac to r s
i n c r e a s i n g ef f i c iency of pro jec t w e r e not t aken
i n t o c o n s i d e r a t i o n :

the m u l t i - p u r p o s e  u t i l i z a t i o n  ( removing of
s a l t s ,  d i s s o l v e d  g a s e s  e t c . from geothermal
br ine ,  ba lneo logy ,  the  tour i sm 

d i r e c t p ro f i t f rom r e t u r n s of s a l e s of the
d i f fe ren t p r o d u c t s produced bv geo thermal
energy  u t i l i za t ion ;  

a b s e n c e of d a m a g e s caused by a i r pol lu t ion
re la ted t o u t i l i z a t i o n of f o s s i l energy  sources ;  

p r i ce o f saved o i l n a t u r a l gas

T h e f i r s t s t e p t o w a r d s deve lopment o f these
g e o t h e r m a l pro jec t s is p repara t ion of feas ib i l i ty

on  baaes  of a c q u i s i t i o n  a n d  a n a l y s i s  of
g e o t h e r m a l da ta o b t a i n e d by programmed

f l o w - t e s t s a t t h e  w e l l  s i t e s ,  
s u c h compi led f e a s i b i l i t y s t u d i e s c a n  b e  
for d e c i s i o n s  c o n c e r n i n g  geo thermal  deve lopment .  

REFERENCES

M . : A:
o l a j i p a r

g e o t h e r m a l  e n e r g y  
H u n g a r y w i t h s p e c i a l r e g a r d rhe

of H u n g a r i a n Oil a n d G a s I n d u s t r y - MOL
Study of MOL

L . : P o s s i b i l i t i e s  a n d  m e t h o d s
e x p l o i t a t i o n of d e e p g e o t h e r m a l r e s e r v e s . Repor t
fo r C e n t r a l Land R e g i s t r y ,  1 9 8 7 ,  B u d a p e s t  

T h e r m a l w a f e r r e s o u r c e s Repor t of
Pro jec t No Water1154 May 1 9 9 2 , Budapes t

n y e r s a n y a g  v a g y o n a  
mineral r e s o u r c e s of

I s s u e d by Land R e g i s t r y .

513


