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ABSTRACT 

A t  Svartsengi  i n  Iceland,  a geothermal p l a n t  has  
been b u i l t  t o  genera te  50 MWt (megawatt thermal) 
and 2 MWe (megawatt e l e c t r i c i t y )  for a district 
hea t ing  system. A 75 MWt and a 6 MWe addi t ion  w i l l  
be completed i n  two years .  What makes t h e  p l a n t  a t  
Svar t sengi  unique i s  t h a t  it makes b e t t e r  use of 
thermal energy than i s  normal f o r  a high-tempera- 
t u r e  geothermal i n s t a l l a t i o n .  I t  also d i f f e r s  f r o m  
o t h e r  d i s t r i c t  h e a t i n g  systems i n  Ice land  because 
of i t s  use of heat-exchangers t o  u t i l i z e  the  240'C 
b r i n e  source.  The h e a t  i s  e x t r a c t e d  by f l a s h i n g  
t h e  b r i n e  i n  t w o  s t a g e s  t o  60'C and using t h e  f l a s h  
steam f o r  h e a t  and e l e c t r i c i t y  generat ion.  

INTRODUCTION 

A t  p r e s e n t  (1979) geothermal d is t r ic t  hea t ing  
systems i n  Ice land  have a t o t a l  nominal peak l o a d  
of 600 MWt and supply 2500 GWh of h e a t  energy to  
148,000 persons,  o r  t o  66 per cent  of t h e  popula- 
t i o n .  The p r o j e c t  descr ibed i n  t h i s  paper  i s  one 
of many geothermal p r o j e c t s  i n  Ice land  t h a t  have 
been undertaken over  the  past f e w  years  f o r  
reaucing t h e  use o f  imported o i l  for space hea t ing  
purposes. A j o i n t  d i s t r i c t  hea t ing  system f o r  t h e  
s i x  communi-ties on t h e  Reykjanes peninsula  -Kefla- 
vik,  Njardvik, Sandgerdi, Gerdar, Vogar, Grinda- 
vik- ( o v e r a l l  pop some 13,000) and t h e  a i r p o r t  and 
NATO base a t  Keflavik (pop.some 7,000) was pro- 
posed a f te r  t w o  successfu l  w e l l s  had been d r i l l e d  .in 
1971 a t  Svartsengi .  Heat-exchangers had t o  be 
used and a p i l o t - p l a n t  s tudy was c a r r i e d  o u t  i n  
1974-1975 (ARNORSSON, e t  al .  1975). The munici- 
p a l i t i e s  of t h e  area and t h e  state of Ice land  
formed a corporat ion i n  1975, The Sudurnes Regional 
Heating, and i n  December 1975 c o n t r a c t s  were s igned  
with t h e  I c e l a n d i c  consul t ing  engineer ing firms 
Fjarh i tun  h . f .  and Verkfraedis tofa  Gudmundar & 
K r i s t j a n s  f o r  design and supervis ion o f  works. 
The Nat ional  Energy Authori ty  has  carried o u t ,  t h e  
explora t ion  and d r i l l i n g  of t h e  geothermal f i e l d  
and f r e s h  water r e s e r v o i r ,  t h e  p i l o t - p l a n t  s tudy 
and has  s i n c e  1975 co l labora ted  with t h e  engin- 
e e r i n g  firms. 

DISTRICT HEATING 

The peak nominal load  for the  s i x  communities on 
Keykjanes is a t  p r e s e n t  38 MWt. 
o f  energy suppl ied  is 154 GWh per y r  for t h e  

The total  amount 

hea t ing  of 1 . 7 ~  lo6 m3 of space. 
expected to  increase  t o 6 0  MWt and 242 GWh per y r .  
In  addi t ion  t o  t h i s ,  t h e  airport f a c i l i t i e s  a t  
Keflavik w i l l  be heated from Svar t sengi  i n  1981 
with a nom. peak load  of 55 M W t .  Because t h e  l o w  
populat ion dens i ty  o f  t h e  s i x  coastal communities 
and t h e  long d i s t a n c e s  involved, it w a s  decided to 
use a s ingle-pipe d i s t r i b u t i o n  system b u t  a t w o  
p i p e  system f o r  t h e  airport. The water i s  pumped 
t o  Grindavik a t  8S°C, but  a t  125'C to  Keflavik 
where it w i l l  be  mixed with 54'C re turn  water from 
t h e  a i r p o r t .  This  arrangement reduces t h e  f r e s h  
water requirements by about SO%. 
supply temp. to  t h e  consumer i s  80'C i n  t h e  com- 
munit ies  and 94'C a t  t h e  a i r p o r t .  
requirements are m e t  d i r e c t l y  f r o m  t h e  system, and 
t h i s  i n  p a r t  d i c t a t e s  t h e  maximum temperature of 
GO'C. The spent  water is  discharged t o  t h e  sewer . 
system a t  30-4O'C. 
charge ( p a i d  only once) f o r  a t y p i c a l  400 m3 s i n g l e  
family house is  $1250, and the  monthly h o t  water 
b i l l  comes t o  $54. 

In 1990 t h i s  is 

The h o t  water 

Tap water 

A t  p r e s e n t  t h e  connection 

PROCESS DE SCRIPT ION 

The power p l a n t  a t  Svartsengi  i s  designed for 
hea t ing  f r e s h  water f o r  a d i s t r i c t  hea t ing  system 
by using geothermal. steam. The f r e s h  water is 
pumped f r o m  shallow w e l l s  4 km away from t h e  p l a n t .  
The f r e s h  w a t e r  a q u i f e r  is  i n  porous s u r f a c e  lavas, 
where a f r e s h  water l e n s  of only 45 m i s  f l o a t i n g  
on sea water below (INGIMARSSON, e t  a l .  1978). The 
Svar t sengi  geothermal si te is a p a r t  o f  a high 
temperature area with a base temperature of 240'C 
and containing a b r i n e  whose s a l i n i t y  i s  roughly 
2/3 t h a t  of sea w a t e r  (KJARAN, e t  al .  1979). The 
chemical composition of t h e  geothermal b r i n e  is 
shown i n  Table 1. Sca l ing  o f  equipment i s  an 
opera t ing  problem because o f  t h e  high si l ica con- 
t e n t  (600 ppm). High foul ing  rates of heat-  
exchanger sur faces  d i c t a t e d  ' t h a t  only f l a s h  steam 
be used for t h e  t h e  heat-exchange process (GUD- 
MUNDSSON, 1979). The p i l o t  p l a n t  s tudy demon- 
s t r a t e d ,  moreover, t h a t  t h e  f l a s h  steam could be 
used d i r e c t l y  (ARNORSSON, e t  a l .  1975) to h e a t  t h e  
f r e s h  water by i n j e c t i o n .  Subsequent tests showed 
t h a t  because of high C02 content ,  t h e  deaera t ion  
w a s  much easier to  accomplish i f  the  H.P. (high 
pressure)  steam w a s  condensed i n  a sur face  heat-  
exchanger, r a t h e r  than being in jec ted .  The p l a n t ' s  
flow diagram is  shown on Fig. 1, and so i s  t h e  f l o w  
rate and temperature for each flow stream. 
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Photograph of the geothermal poweqlant a t  SLzxtsengi. 
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Fig. 1 Flow diagram of the geothermal powerplant a t  Svartsengi. 
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Table 1. Chemical composition of formation water 
a t  Svartsengi. Concentrations i n  mg/kg. 

- ~ -~ 

PROPERTY WELL 3 WELL 4 
(402 m deep) 

Date 19.04.78 18.04.78 
Temperature ( 'C) 2 35 2 40 

Na+ 6959 6837 
K+ 1140 1060 
Ca++ 1021 1036 

SO4-- 36.1 31.6 
c1- 12440 12593 
l?- 0.10 0.11 
H2S ( to ta l )  4.03 6.82 
CO2 ( to ta l )  183 360 
TDS 22244 2 1400 

(1670 m deep) 

'Si02 447 437 

Mg++ 0.74 1.08 

Table 2. Composition of high-pressure and low- 
pressure flash steam from well H-4. 
Concentrations i n  mg/kg. 

PROPERTY H.P. L. P. 
Date 19.07.78 19.07.78 
Pxessure, bar, abs. 4.6 1.0,  
PH/'C 5.35/28 5.37/30 
CO2 ( to ta l )  2011 61.3 
H2S ( to ta l )  27.3 2.3 
Carry over (brine) 50 

The decision to run the H.P. separator above the 
amorpous s i l i c a  saturation temperature of 140'C, 
and to  use thermal deaeration a t  atmospheric 
pressure, determines the temperatures and flow 
w i t h i n  the system. The flow is balanced t o  use 
a l l  of the H.P. and L.P. steam generated, based on 
a reservoir temperature of 240'C. Each geothermal 
well is designed t o  produce 60 kg/s, an output 
which is s p l i t  between two units as shown on Fig. 1, 
and the power plant consists of a to ta l  of four 
paral le l  units ( 4  x 12.5 MWt) .  The geothermal 
f luid is piped i n  two-phase flow from the wells to  
a flash plant located by the power-house. Two 
centrifugal steam separators i n  ser ies  produce the 
H.P. (5.4 bar abs) and L.P. (0.25-0.39 bar abs) 
steam. The composition of the flash steam i s  
shown i n  Table 2. Water level i n  the H.P. separ- 
ator is  controlled and the spent brine discharged 
from the barometric leg of the L.P. separator t o  
surface disposal. The H.P. steam is used for 
generation of e lec t r ic i ty  i n  a back-pressure 
turbine before being condensed i n  a plate heat- 
exchanger. The L.P. steam is piped t o  a direct- 
contact condenser where it preheats the fresh water 
from 5'C t o  65'C and removes 90% of the dissolved 
gases from the fresh water. This water is  pumped 
t o  a second heat-exchanger (intercooler) and on t o  
the turbine condenser mentioned above. There, the 
water is heated to 1 0 5 ' ~  before the atmospheric 
deaeration. A t  th i s  point, the hot water is pot- 
able and is  ei ther  cooled t o  85'c i n  the inter-  
cooler for direct  use i n  the town of Grindavik,or 
heated further by H.P. steam i n  a plate  heat- 
exchanger t o  125'C for  pumping t o  Keflavik. The 

degree of instrumentation al.1nws the plant a t  
Svartsengi to  be run by one operator per sh i f t .  

EQUIPMENT AND MATERIALS SELECTION 

The equipment for the plant is mostly of standard 
manufacture, selected w i t h  the service conditions 
i n  mind. The flash plant and deaerating equipment 
i s  specially designed. Mild s tee l  i s  used for the 
geothermal brine, steam pipes and equipment. 
Stainless s tee l  and reinforced epoxy pipes are 
used for the heated fresh water before deaeration 
and for the steam condensate. The plate  heat- 
exchangers are from titanium and stainless steel .  
Degradation of materials has not been noted 
except for corrosion of mild s tee l  from the H.P. 
condensate, and cracking of the epoxy pipes. 
Scaling i n  the H.P. separator (water phase) has 
been 0-2 mm per year, and 1-3 mm per year i n  the 
L.P. separator. Si l ica  scaling from stagnant water 
i n  pipe branches is  a problem a t  present, which 
requires design modifications. 

ELECTRICITY GENERATION 

Co-generation of e lec t r ic i ty  and heat is common i n  
d i s t r i c t  heating plants burning fossi l  fuels. A 
plant of that  type might generate 0.5 We per MWt. 
A t  Svartsengi , the e lectr ic i ty  produced is  only 
0.03 MWe per MWt (BJORNSSON, 19781, but i f  a l l  
available steam were to  be used for e lec t r ic i ty  
production only, the output would be appr. 7 MWe, 
compared to  the present output of 1.2 MWe and 
50 MWt. 
ventional double row C u r t i s  type w i t h  few modifi- 
cations made for the geothermal service (steam rate 
32 kg/kWh). Operating experience has been sat is-  
factory, except for corrosion i n  the labyrinth seal 
and of the governor valve spindle i n  the gland. 

The turbines selected (2 x 1 MW) are con- 

CHANGES I N  DESIGN 

The plant has been run for  one and a half year, and 
i n  t h i s  period operating problems have been few. 
The deep wells (H-4, H-5) 1500-1700 m have t o  be 
cleaned of calci te  deposits i n  the 9 5/8"  casing 
a t  a depth of 350-400 m (ARNORSSON, 1978). However 
a shallow well (H-3) which i s  only 400 m deep, has 
been operated for  two years without signs of 
plugging, because boiling takes place outside the 
well i n  the reservoir. The wells to be dr i l led for 
the future extensions w i l l  be provided with a 
13 3/8" casing t o  allow for  more area forsoaling. The 
second power plant scheduled for  completion i n  1981, 
a different arrangement of L.P. separator, pre- 
heater and deaerator has been selected. Successful 
t e s t s  were carried out i n  a u n i t  where these three 
pieces of equipment were combined i n  one. column. 
The L.P. steam goes t o  a heater/deaerator which 
is operated under vacuum, and the water heated 
further i n  a plate heat-exchanger using back- 
pressure steam from the turbine and H.P. steam. 
A t  present the geothermal brine is being discharged 
t o  a pond where a s i l i c a  sludge is  deposited, and 
the water percolates into the surface lavas. 
Eventually, reinjection w i l l  be tested,  but differ-  
ent alternatives are'now under study. One inter-  
esting aspect of that  study is the possibil i ty of 
producing s i l i c a  of high purity. The commercial 
value and methods of recovery are now being evaluated. 
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