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ABSTRACT 

D i rec t  u t i l i z a t i o n  o f  geothermal energy has 
been used by many countr ies i n  the past on a small 
scale fo r  bathing, cooking, and heating. Today, 
there are s t i l l  many small-scale ind iv idual  uses, 
however, many large-scale p ro jec ts  have been de- 
veloped f o r  d i s t r i c t  heating, greenhouse com- 
plexes and i n d u s t r i a l  processing. The number o f  
large-scale p ro jec ts  w i l l  continue t o  grow due t o  
the escalat ion of f oss i l  f u e l  costs and the proven 
technology o f  using insu la ted  transmission l i n e s  
and e f f i c i e n t  heat exchan ers f o r  geothermal 
f l u i d s .  Today, 7,050 MW !thermal) o f  geothermal 
energy are used i n  d i r e c t  appl icat ions,  mainly i n  
Iceland, New Zealand, USSR, Japan, and Hungary. 
I n  a l l  cases, the cos t  o f  geothermal u t i l i z a t i o n  
i s  below t h a t  o f  comparable foss i l  fuel energy. 

~ ~ a ~ i t i o n a l l y ,  d i r e c t  use of g e o t ~ e ~ a l  energy 
has been on a small scale by indiv iduals.  
hot  springs and shallow we l ls  could be j u s t i f i e d  
w i t h  on-the-spot use of shor t  transmission distances 
i n  uninsulated pipes o r  channels. 
day's pr ices fo r  development and hardware, the cos t  
savings of these ind i v idua l  uses are  often marginal. 
Large-scale demands requ i re  more productions and 
can thus j u s t i f y  deeper wel ls,  longer transmission 
distances, more sophist icated u t i l i z a t i o n ,  and 
1 ower temperatures 

Surface 

However, a t  to-  

Most of present day d i r e c t  heat developments 
invo lve  large-scale p ro jec ts  such as d i s t r i c t  heat- 
i ng ( Ice1 and) % greenhouse complexes (Hungary), o r  
major i n d u s t r i a l  use (New Zealand). 
a re  a lso  becoming m r e  e f f i c i en t  and b e t t e r  adapted 
t o  geothermal use, al lowing the use o f  lower- 
temperature waters and h igh l y  sa l i ne  f l u i d s .  Heat 
pumps are extending geothermal development i n t o  
t r a d i t i o n a l l y  nongeothermal countr ies such as 
France, Austr ia, and Denmark, 

Heat exchangers 

Transmission distances of 50 and 100 km are 
being considered and proven economical on paper 
(Akureyri, Iceland), w i th  20 km present ly a r e a l i t y  
(Reykjavik) . Transmission temperature losses i n  
the below 100°C range are around O.l*C/km f o r  i n -  
sulated pipe and f"C/km fo r  ~ n i n s u l a t e d  pipes. 
Steam and superheated water cannot be transmit ted 
long distances economically due t o  the higher tem- 
perature di f ferences. Well depths of 2000 t o  4000 m 
are  now being used where 500 m was economical 

before. Deeper we l ls  also allow' use o f  geotherm- 
a l  gradient t o  ad.vantage i n  1 ower- tempera ture 
areas. 

A t  present day pr ices , the ~ e o ~ h ~ ~ a l  appl ica- 
t i o n  w i l l  cost  60 t o  75 percent o f  the correspond- 
i n g  f o s s i l  f u e l  cost. Due t o  the expected escala- 
t i o n  o f  f o s s i l  f ue l  prices, the costs o f  the geo- 
thermal system w i l l  reduce t o  30 t o  40 percent i n  
20 years. Most geothermal direct-use systems w i l l  
pay fur themselves i n  5 t o  10 years frum savings 
i n  conventional fuel.  

The economics are g rea t l y  enhanced where cas- 
cading ~ m ~ l t i s t a ~ e  use) i s  considered. The 
Japanese optimize cascading where g ~ ~ ~ h e ~ ~ a l  f l u i d s  
a re  f i r s t  used for  e l e c t r i c a l  power production, 
then space heating, cooking, and bathing (Otake). 
Here, an attempt i s  made t o  "squeeze" the " l a s t  
drop of energy" from the f l u id .  Lower-temperature 
cascading could consider space heating, agr icu l -  
ture, bathing ( s w i ~ i n g  pools), and snow me1 t ing.  

Today, over 7000 megawatts thermal (MWt) are 
u t i l i z e d  i n  the wor ld for space heating and cool- 
ing, ag r i cu l tu re  and aquaculture production, and 
f o r  i n d u s t r i a l  processes. 
1200 MWt are used f o r  space heating and cooling, 
5500 MWt f o r  agr icu l tu re ,  aquaculture, and animal 
husbandry, and over 200 MWt for  i ndus t r i a l  
processes 

Of t h i s  f igure,  aver 

Based on c o ~ u n i c a t i o n s  w i t h  personnel i n  
other countr ies, personal v i s i t s  t o  some countries, 
and references, the fo l low ing  i s  an estimate o f  
the current worldwide u t i 1  i z a t i o n  o f  geothermal 
energy f o r  none lec t r i c  o r  d i r e c t  thermal 
appl icat ions: 

Space 
Heat i ng/ 

Country Cool i ng 

Iceland 680 
New Zealand 50 
Japan 10 
USSR 120 
Hungary 300 
I t a l y  50 
France 10 
Others 10 

75 USA 
TOTAL 1245 

~~t~ 

- 

Agricu l tu re /  
Aquaculture 

~~t~ 

40 
10 
30 

51 00 
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5 

10 
5 
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- 

I ndus t r i  a1 
Processes 
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This gives a grand t o t a l  o f  7050 MWt peak use i n  
the world. 

The major geothermal developments and u t i l i z a -  
t i o n s  i n  various countr ies are b r i e f l y  described 
i n  the fo l lowing sections. 
g ive d e t a i l s  on each p ro jec t  due t o  space l i m i t a -  
t ions.  The d e t a i l s  can be found i n  the reference 
l i s t e d  a t  t he  end o f  t h i s  paper. 

No attempt was made t o  

USA - 
Direc t  appl icat ions o f  geothermal energy i n  

the U.S. has been l i m i t e d  when compared t o  i n t e r -  
nat ional  developments. Therapeutic and bathing 
uses have received the greatest  p u b l i c i t y  over the 
past century, a t  locat ions such as Steamboat 
Springs, Nevada, Hot Spring, V i rg in ia ,  Lava Hot 
Springs, Idaho, Steamboat Springs and Glenwood 
Spr i  ngs , Colorado, Thermopol i s  , Wyomi ng , and 
Calistoga, Cal i forn ia ,  t o  name a few. 
t i o n a l  parks p ro tec t  many o f  these geothermal uses 
and phenomena: 
(bathing), Lassen Volcanic Nat ional  Park ( s u l f u r  
mining) , and Yellowstone National Park (tourism). 

Today, na- 

Hot Springs, Arkansas National Park 

Numerous greenhouse and aquaculture pro jects  
have been developed i n  t h i s  country over the past 
few years. The most i n te res t i ng  f a c t  w i t h  these 
geothermal developments i s  t h a t  many o f  these p ro j -  
ects  are located i n  a colder area where heating by 
conventional means i s  not  economically feasible.  
Tree seedings, tomatoes, cu t  f lowers, and potted 
p lants  appear t o  be the  most popular greenhouse 
product, w i t h  cat f ish,  t rout ,  and g ian t  fresh- 
water prawns the most popular aquaculture under- 
takings. Spec i f i c  pro jects  are located a t  
endel , Gal i f o r n i a  (greenhouses) , K1 amath Fa1 1 s 
and Lakeview, Oregon (greenhouses and aquacul- 
ture) ,  and numerous locat ions i n  Idaho(aquacu1 ture) .  

Space heating, using geothermal energy, a lso 
has a recorded use o f  almost a century i n  t h i s  coun- 
try, however t h i s  use has not  received the  pub l i -  
c i t y  o f  the spas. Klamath Fa l l s ,  Oregon, and Boise, 
Idaho, have the greatest  energy consumption f o r  

.space heating, w i t h  minor amounts used i n  Reno, 
Nevada, Lakeview, Oregon, Vale, Oregon, Susanvil le, 
Cal i forn ia ,  Calistoga, Ca l i f o rn ia ,  and other  loca- 
t i ons .  I n  Klamath Fal ls ,  over 400 wel ls  are used 
f o r  space heating, using waters from 40°C t o  110OC. 
The p r i n c i p a l  heat ex t rac t i on  system i s  the closed 
1.00~ downhole heat exchanger u t i l i z i n g  c i t y  water 
i n  the  loop. Larger examples o f  space heating i n  
Klamath F a l l s  inc lude the Oregon I n s t i t u t e  o f  Tech- 
nology campus, where three wel ls  up t o  600 meters 
deep, produce up t o  1700 l /min o f  89°C water, and 
heat approximately 46,500 m2 o f  f l o o r  space. The 
we l l  water i s  pumped from the we l l  using deep we l l  
cent r i fugal  pumps, and i n  most cases i s  used d i -  
r e c t l y  i n  the heat ing system f o r  each bui ld ing.  
The annual operat ing cost  o f  t he  campus system i s  
approximately $30,000, a savings of almost $250,000 
per year, when compared w i t h  the cost  of heating 
w i t h  conventional f ue l .  Other notable use i n  the 
community includes Presbyterian I n t e r c o ~ u n i t y  Hos- 
p i t a l ,  where the present worth o f  a 20-year savings 
due t o  a geothermal r e t r o f i t t e d  heat ing system i s  
over one m i l l i o n  dol lars ,  and Maywood Industr ies,  
where 45OC water i s  used f o r  heat ing a large manu- 
fac tu r i ng  bui ld ing.  
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Two i n d u s t r i a l  processing uses o f  geotherm- 
a l  energy are o f  note i n  t h i s  country, Medo- 
Bel Creamery i n  Klamath Fal ls ,  where low- 
temperature f l u i d  i s  used f o r  pasteur iz ing mi lk,  
and Geothermal Food Processors a t  Brady Hot 
Springs, Nevada, where high-temperature f l u i d  
i s  used f o r  dehydration o f  onions and other  
vegetables. 

Two major d i r e c t  thermal pro jects  i n  the USA 
are i n  the  development stage: the conversion o f  
t he  Ore-Ida Foods, Inc.  p l a n t  located i n  Ontario, 
Oregon, and a d i s t r i c t  heating p ro jec t  i n  Klamath 
Fal ls .  The Ore-Ida p ro jec t  involves d r i l l i n g  three 
product ion wel ls  t o  a depth o f  2000 m f e e t  t o  ob- 
t a i n  a temperature o f  150°C. The geothermal energy 
would replace 55 percent of the energy now supplied 
by natura l  gas and fue l  o i l  f o r  potato processing. 
The t o t a l  cap i ta l  investment f o r  t h i s  p r o j e c t  w i l l  
be i n  excess o f  $4 m i l l i o n .  Using a 10-year l i f e  
f o r  the depreciat ion o f  tangib le  assets, a 15-year 
economic study provided a r a t e  o f  re tu rn  a f t e r  
taxes o f  30 percent compounded continuously. The 
Klamath F a l l s  p ro jec t  involves p ip ing 105°C water 
i n t o  the commercial area o f  the downtown area t o  
i n i t a l l y  heat 14 government bui ld ings and l a t e r  
the e n t i r e  commercial d i s t r i c t .  A 40 cm diameter 
p ipe l i ne  w i l l  supply the geothermal f l u i d  from the 
production zone t o  a centra l ized p la te  heat ex- 
changer. A secondary, closed-loop system w i l l  sup- 
p l y  93OC water t o  the bui ld ings.  A l l  p ipe l ines 
w i l l  cons is t  o f  insu lated s tee l  placed i n  a con- 
c re te  tunnel f o r  maximum l i f e  and protect ion.  The 
primary supply l i n e  i s  s ized t o  handle the  pro- 
j ec ted  heat ing load o f  the e n t i r e  commercial d is-  
t r i c t ,  and the secondary loop t o  handle a t o t a l  of 
eleven blocks o f  bu i ld ings along i t s  route. The 
cap i ta l  cost  o f  the i n i t i a l  system w i l l  be around 
$2 m i l l i o n ,  w i th  an equivalent annual cost  o f  capi- 
t a l  and 0 & M o f  $200,000. The heating cost  f o r  
the i n i t i a l  eleven blocks of bu i ld ings w i l l  be 
$0.29 per therm. The comparable annual cost  o f  
f o s s i l  f u e l  over a 20-year per iod would be $0.94 
per therm. Construction on both pro jects  should 
s t a r t  t h i s  coming summer (1979). These, and a 
number o f  other pro jects  throughout the country, 
are being seeded w i t h  funds from the Depar tme~t  o f  
Energy. 

Ice1 and 

Iceland i s  located on the c res t  o f  t he  mid- 
A t l a n t i c  r i dge  and thus i s  the center o f  much vo l -  
canic and geothermal a c t i v i t y .  Both high- and 
low-temperature systems e x i s t  i n  the country w i t h  
the former being used for  e l e c t r i c a l  power genera- 
t i o n  and i n d u s t r i a l  processing, and the l a t t e r  
used f o r  space heating and greenhouses. A t  the 
present time, about h a l f  o f  the country i s  heated 
by geothermal energy and by 1980 t o  1982, 80 t o  
85 percent o f  the country w i l l  be heated w i t h  geo- 
thermal energy. Almost every hot  spr ing and known 
source o f  geothermal energy i s  being u t i l i z e d  t o  
some extent, w i th  areas having no nearby geotherm- 
a l  source t o  be supplied w i t h  hydroelect r ic  power 
o r  e l e c t r i c a l  power from the geothermal p l a n t  un- 
der const ruct ion a t  Kraf la.  

The most noted d i r e c t  thermal appl icat ions i n  
the country are: the Reykjavik m u n i ~ i p a l  heat ing 
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p r o j e c t  serving about 97 percent of the 113,000 
people i n  the area; the Hveragerdi greenhouse 
c o ~ u n i t y  i n  southwestern Iceland where i nd i v idua l  
homes, greenhouses , a greenhouse restaurant  and a 
h o r t i c u l t u r e  co l lege are a l l  heated by geothermal 
ho t  water and steam-in t o t a l  over 140,000 m3 o f  
greenhouses are heated by geothermal i n  Iceland; 
t he  Myvatn diatomaceous ear th  dry ing p l a n t  i n  
northern Iceland using high-temperature steam t o  
remove about 80 percent of the moisture from a d ia-  
tomaceous s l u r r y  dredged from nearby l ake  Myvatn; 
and various experimental pro jects  for  the dry ing o f  
wool, f i s h ,  seaweed, hay and other  grains. Other 
p ro jec ts  o f  i n t e r e s t  are the Sudurnes Regional 
Heating p ro jec t  present ly  under const ruct ion on the 
Reykjanes peninsula, heat exchanging deep sa l i ne  
geothermal f l u i d s  w i t h  shallow f resh  water, the 
l a t t e r  which i s  then piped through a l a rge  above- 
ground d i s t r i b u t i o n  system; the Husavik d i s t r i c t  
heat ing p r o j e c t  t ranspor t ing geothermal ho t  water 
18 km i n  an economically ear th  insu lated p ipe l ine;  
and the Akureyr i  d i s t r i c t  heating p r o j e c t  i n  north- 
ern Iceland, t o  provide heat f o r  a c i t y  o f  12,000. 

New Zealand 

This  country i s  a lso noted f o r  i t s  v a r i e t y  o f  
d i r e c t  geothermal appl icat ions.  A1 1 o f  t he  sources 
are located i n  the  Taupo volcanic depression o f  
North I s land  i n  the  v i c i n i t y  o f  the Wirakei and 
Broadlands e l e c t r i c a l  power generation f i e l d s .  A t  
Kawerau, t he  Tasman Pulp and Paper company uses 
high-temperature steam f o r  t imber drying, black 
l i q u o r  evaporation, pulp and paper drying, and 
e l e c t r i c  power generation. Approximately 345,000 
tons of newsprint, 160,000 tons of k r a f t  pulp, and 
190,000 m3 o f  t imber are produced annually. S i x  
we l l s  are present ly  being used t o  provide 180 tons/ 
h r  o f  steam. One o f  the l a rges t  we l l s  i n  the wor ld 
i s  located here, estimated t o  roduce over 25 MW 
o f  thermal energy (170 tonslhr!. 

A t  Rotorua, t he  second most extens ive ly  ex- 
p l o i t e d  geothermal resource i n  the country i s  l o -  
cated. 
shallow we l l s  has been used on a small scale t o  
heat homes and bui ld ings,  domestic ho t  water sup- 
p l i es ,  steam cooking boxes, and swimming pools. 
Geothermal steam and h o t  water are a lso used i n  
mineral bathing pools , f o r  hot  hours h o r t i c u l  t u r e  
and s o i l  s t e r i l i z a t i o n ,  k i l n  dry ing o f  timber, and 
t o  d r i v e  a l a rge  hote l  a i r  condi t ion ing re f r i ge ra -  
t i o n  p lant .  Af ter  use, t he  geothermal e f f l u e n t  i s  
discharged down shallow soak holes. Rotorua i s  
known f o r  the numerous mineral ho t  baths and thera- 
peu t i c  baths. The Queen El izabeth Hospi ta l  was 
b u i l t  dur ing the war f o r  U.S. servicemen and even- 
t u a l l y  was developed by the Department o f  Heal th 
as a nat ional  hospi ta l  f o r  the treatment o f  rheu- 
mat ic diseases. The hospi ta l  has 200 beds, an out- 
p a t i e n t  service, and a Cerebral Palsy u n i t .  Both 
ac id  and basic heated mud baths are used f o r  the 
treatment o f  rheumatic diseases. The Forest  Re- 
search I n s t i t u t e  j u s t  outs ide the  c i t y  l i m i t s ,  
uses geothermal energy of space heating, t imber 
drying, and seed drying and ext ract ion.  Future 
plans are t o  use the geothermal energy f o r  r e f r i g -  
e r a t i  on 

Steam and hot  water from approximately 350 

I n  the  v i c i n i t y  of t he  Broadlands f i e l d  are 
several unique appl icat ions of geothermal energy. 

A t  the Lands Survey Nursery i n  Taupo, greenhouses 
are heated by geothermal steam and s o i l  i s  s t e r i l -  
ized (pasteurized) a t  60°C t o  k i l l  insects, fungus, 
worms, and some bacter ia.  A t  Lake Rotokaua, an 
estimated 20 m i l l i o n  tons of s u l f u r  l i e  w i t h i n  60 
meters o f  the surface having a p u r i t y  o f  up t o  80 
percent. Or ig ina l l y ,  t he  s u l f u r  was extracted by 
the Frasch process using geothermal steam in jec ted  
i n  4 bore holes. Presently, they are s t r i p  mining 
the low grade surface deposits and using geothermal 
steam t o  ex t rac t  the su l fu r .  The s u l f u r  i s  then 
combined w i t h  co ld  water i n  a s l u r r y  and shipped by 
tanker t ruck  f o r  use i n  f e r t i l i z e r  production. A t  , 
Broadlands, a cooperative of 12 farms have jo ined  
together t o  construct  a geothermal a1 fa1 f a  (1  ucerne) 
dehydration p lant .  The p lan t  uses 135OC steam i n  
a large forced a i r  heat exchanger for  drying. The 
d r i e r  i s  a simple f i x e d  bed, double pass d r ie r ,  
discharging i n t o  a hammermill and p e l l e t  press f o r  
the f i n a l  product. The p lan t  produces one ton o f  
compressed p e l l e t s  per hour from 5 tons o f  f resh  
a l f a l f a .  The annual product ion i s  from 1,000 t o  
1,500 tons, w i t h  a product ion of 10,000 tons 
possible. 

Japan 

Many diverse uses o f  geothermal f l u i d s  have 
been attempted i n  Japan i n  add i t i on  t o  the wel l -  
known power generation and bathing. Most o f  these 
uses have been on a small scale, however, t h e i r  
c o ~ e r c i  a1 importance i s  now being recogni zed. 

Greenhouses cover about 15,500 m2 i n  Japan 
where a v a r i e t y  o f  vegetables and f lowers are 
grown. Many large greenhouses are operated as 
t r o p i c a l  gardens for s ightseeing purposes. 
pou l t r y  though the use o f  geothermal energy has 
been a very successful enterpr ise.  Here, under- 
the- f loor  heating i s  u t i l i z e d  i n  sheds tha t  r a i s e  
40,000 chickens annually. F ish breedings i s  an- 
other successful business where carp and eels a re  
bred and raised. The eels  are the most p r o f i t a b l e  
and are ra ised i n  24 cm diameter by 6 m long 
earthenware pipes. Water i n  the pipes i s  held a t  
23°C by mixing hot  spr ing water w i t h  r i v e r  water. 
The adu l t  ee ls  weigh from 100 t o  150 grams, with 
a t o t a l  annual product ion o f  3,800 kg. A l l i g a t o r s  
and crocodi les are a l so  ra ised i n  geothermal water. 
These r e p t i l e s  are being bred pure ly  f o r  sightsee- 
i n g  purposes. I n  combination w i t h  greenhouses o f -  
f e r i n g  t r o p i c a l  f l o r a ,  a l l i g a t o r  farms are o f f e r -  
i n g  increas ing ly  l a rge  inducements t o  the l oca l  
growth o f  t he  t o u r i s t  indust ry .  

Rais ing 

Some space heat ing i s  undertaken, but on ly  on 
a very l i m i t e d  scale. Most ho t  spr ing bathing re -  
so r t s  are heated geothermally, as we l l  as communi- 
t i e s  downstream from the Otake geothermal plant.  
I n  t h i s  l a t e r  case, t he  waste water from the p l a n t  
(165 tons per hour) i s  used fo r  space heating, 
baths and cooking. Plans are being developed f o r  
l a rge  scale space heat ing pro jects  i n  the Sounkyo 
and Hokkaido areas o f  Japan. 

Japan has also used geothermal h o t  water f o r  
mel t ing snow on highway pavements. The best known 
loca t i on  i s  near the Jozankei Spa, Sapporo City on 
Hokkaido, where a narrow road w i th  an 8 percent 
grade has been constructed w i t h  pipe l a i d  beneath 
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the pavement. 
water i s  c i r cu la ted  by means o f  pumps a t  a r a t e  o f  
about 100 l /m in  and discharged a t  65OC where i t  i s  
reused f o r  bathing. The system i s  designed f o r  a 
1.7 cm/hr snowfall and cost $8.67 per square meter 
t o  construct, and $0.13 per square meter t o  
maintain . 

I n  t h i s  600 m long section, 88OC hot 

Hungary 

Geothermal energy i n  the form o f  low enthalpy 
thermal water has been used commercially i n  Hungary 
since 1962. A t  the present time, there are over 
130 geothermal we l ls  i n  Hungary w i t h  a peak produc- 
t i o n  of almost 800 MW thermal. Only 30 t o  35 per- 
cent o f  t h i s  energy i s  u t i l i z e d  due t o  var ia t ions  
i n  seasonal loads. The p r inc ipa l  use o f  the energy 
i s  f o r  space heat ing and greenhouse heating. The 
main geothermal d i s t r i c t  heating p lan t  i s  a t  Szeged 
i n  southern Hungary. 
1,200 f l a t s ,  schools, and several municipal bu i l d -  
ings are heated along w i t h  swimming pools. Several 
other c o ~ u n i  t i e s  which include fac to r ies  and hos- 
p i t a l s  are heated by i nd i v idua l  wel ls.  

Here, un i ve rs i t y  c l i n i c s ,  

The greenhouse heating i s  second only t o  the 
USSR, w i th  over 1.2 m i l l i o n  m2 being heated. Many 
o f  these greenhouses are b u i l t  on r o l l e r s ,  so they 
can be pul led from t h e i r  l oca t i on  by t ractors,  the 
ground cu l t i va ted  w i t h  l a rge  equipment, and then 
the  greenhouse returned t o  i t s  locat ion.  I n  addi- 
t ion,  t o  minimize cost, much o f  the bui ld ing struc- 
t u r e  pipe support ing system a lso  acts as the supply 
and rad ia t i on  system f o r  the geothermal f l u id .  
About 60 we l ls  are used f o r  animal husbandry p ro j -  
ects, mainly f o r  heating and cleaning o f  animal 
shel ters.  P r i o r i t y  i s  given t o  ag r i cu l tu ra l  use o f  
geothermal energy i n  Hungary, as t h i s  increases the 
volume and va r ie t y  of production. 

Some experimental work i s  being performed w i t h  
grain, hay, tobacco, and paprika drying. 
cases, hot water supplies heat t o  forced a i r  heat 
exchangers, and 50' t o  6OoC a i r  i s  blown over the 
product t o  be dr ied.  

I n  these 

I t a l y  

H i s t o r i c a l l y ,  b o r i c  ac id  was obtained from the 
geothermal f l u i d s  a t  Lardere l lo  i n  Tuscany. O r i -  
g i na l l y ,  the bo r i c  ac id  was obtained by b o i l i n g  o f f  
the  geothermal water using firewood as a heat 
source. From 1827 onwards, geothermal steam was 
used as the energy source. 
duction, growth i n  trade, and refinement o f  the 
process, a wide range o f  boron and ammonium com- 
pounds were produced i n  the  ea r l y  1900s. This pro- 
cess continued u n t i l  World War 11, where a t o t a l  o f  
6,500 tons had been produced. A f te r  the war, the 
p l a n t  was put i n t o  operation again, only t h i s  t ime 
the  raw product was imported from Turkey, and geo- 
thermal steam used as the dry ing  source. Approxi- 
mately 30 tons o f  steam per hour are used i n  the 
process. 

With increase i n  pro- 

Residual steam f o r  o lder  and low production 
we l ls  i n  the l a r d e r e l l o  and Castelnuovo area o f  
Tuscany are used f o r  space heating and greenhouse 
operation. A t o t a l  o f  35,000 m3 o f  space i s  

heated, the major i t y  o f  which i s  i ndus t r i a l .  I n  
addi t ion,  a t o t a l  o f  7,000 m2 o f  greenhouses are 
heated. The savings amounts t o  $600,000 per year 
when compared w i th  f u e l  o i l .  Another 20,000 m2 of 
greenhouses are a lso  heated i n  the Province of 
Padua. Here, 74 hotels-spas and some p r i va te  homes 
are heated w i th  450 l /sec o f  6 5 O  t o  87°C water. 
Several other smaller locat ions e x i s t  i n  I t a l y  
where hot springs are u t i l i z e d  i n  spas and then f o r  
domestic heating o f  the same bui ld ing.  

France 

The g e o t h e ~ a l  temperature gradient i n  France 
i s  around 36OC per km. Using the geothermal gradi- 
ent, two heated aqui fers can be found i n  the Par is 
region, one a t  30°C and the other a t  7 O O C .  Rela- 
t i v e l y  pure water from the cooler l aye r  has been 
used i n  heat pumps t o  service the Radio Par is bu i l d -  
i n g  for over 12 years. During the sumner, the heat 
pump i s  used f o r  a i r  condit ioning. A cost compari- 
son a t  the time o f  construct ion ind ica ted  t h a t  the 
cap i ta l  cost  o f  the heat pump ( inc lud ing the we l l )  
and a comparable f u e l - f i r e d  b o i l e r  were about the 
same. The annual operating cost o f  the heat pump 
was s i g n i f i c a n t l y  less,  and provided an added bonus 
i n  t h a t  the water could be reused f o r  domestic pur- 
poses i n  the bu i l d ing  instead o f  purchasing c i t y  
water service. 

More recently, the higher temperature layer  of 
water has been used t o  heat pa r t  o f  a 3,000- 
d w e l ~ i n g  development o f  soc ia l  housing i n  Melun, 
near par is.  
two wel ls pumped a t  a r a t e  of 1400 l /min. The geo- 
t h e ~ a l  water passes through a heat exchanger (due 
t o  a high s a l i n i t y )  and the secondary side a t  55°C 
i s  heated by two peak load bo i l e rs  t o  85OC. The 
geothermal provides j u s t  under h a l f  o f  the t o t a l  
heating and domestic water requirements of 11 m i l -  
l i o n  Kcal/hr. The two peaking b o i l s  are only re- 
quired during the w in te r  and l a t e  f a l l  and ea r l y  
spring. The system has been i n  operation since 
1970 and the only major t roub le  encountered was 
the f a i l u r e  o f  the heat exchanger a f t e r  s i x  months 
due t o  corrosion. These have been replaced w i t h  
ones o f  t i tanium, which have solved the problem. 
Residents pay an i n i t i a l  hookup fee, and then a 
f l a t  r a t e  f o r  the quant i t y  o f  water used. 

Here, 2,000 apartments are heated by 

USSR - 
The USSR has enormous geothermal reserves 

w i t h  50 t o  60 percent o f  the country underlain by 
hot water su i tab le  f o r  commercial use. This re- 
source has temperatures from 40" t o  200°C, d is-  
solved so l ids up t o  35 g f l ,  and e x i s t  t o  a depth 
o f  3500 m. The two main uses of d i r e c t  geothermal 
energy i s  f o r  space heating and agr icu l ture.  The 
ma jo r i t y  o f  the u t i l i z a t i o n  i s  i n  the regions o f  
Georgia and Daghestan between the Caspian and 
Black Seas, and on the Kamchatka peninsula o f  east- 
ern Siber ia.  Approximately ten d i f f e r e n t  communi- 
t i e s  are provided w i t h  a po r t i on  o f  t h e i r  space 
heating by geothermal, and over 25 m i l l i o n  m2 o f  
a g r i c u l t u r a l  land i s  heated by geothermal. The 
l a t t e r  f i gu re  probably includes about 100,000 m2 
o f  greenhouses, w i t h  the remainder being heated 
ground e i t h e r  uncovered o r  provided w i t h  only 
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minimal p ro tec t ion  against the elements. Heat 
pumps are a lso  apparently being u t i l i z e d  t o  a great 
extent.  Future uses include thawing frozen ground, 
s a l t  extract ion,  and ore processing. 

Other Countries 

Several other countr ies are using geothermal 
energy t o  a minor amount. Germany, Austr ia, and 
Czechoslovakia have used hot  springs f o r  bathing 
and heating o f  spas f o r  centuries. Present plans 
are  t o  expand the use o f  these loca l i zed  geotherm- 
a l  sources f o r  d i s t r i c t  heating. Ind ia i s  doing 
some experimental work w i t h  greenhouses i n  the 
southern Himalayas, and Turkey i s  doing experiment 
work i n  the K iz i l de re  f i e l d  w i t h  a 1000 m2 p i l o t  
greenhouse. On Taiwan, experiment work i s  being 
undertaken w i th  a lumber-drying k i l n  t o  produce 
240 m3 o f  k i l n - d r i e d  lumber per month, a greenhouse 
f o r  vegetables and flowers, and a laboratory t o  
t e s t  technical  procedures of s o i l  s t e r i l i z a t i o n ,  
g ra in  drying, and f i s h  and pou l t r y  production w i th  
25" t o  60°C f l u i d s .  The p i l o t  p ro jec t  w i l l  be sup- 
p l i e d  by one wel l  producing 3.5 tons of d ry  steam 
per hour a t  130OC. An experimental p ro jec t  a t  T i w i  
on the Ph i l ipp ines  i s  being used f o r  s a l t  produc- 
t i on ,  gra in  drying, f i s h  canning, and re f r i ge ra t i on .  
A s ing le  wel l  i n  the  T i w i  f i e l d ,  providing almost 
8 tons o f  steam per hour i s  being used i n  t h i s  re- 
search pro ject .  I s r a e l  i s  present ly doing work 
w i t h  low-temperature f l u i d s  f o r  crop growth and de- 
velopment, and fo r  shrimp farming (prawns). 

Future Trends 

The main emphasis w i l l  be i n  space heating 
and ag r i cu l tu ra l  production i n  the future.  Large 
scale and more e f f i c i e n t  d i s t r i c t  heating pro jects  
w i l l  be undertaken (such as i s  being proposed i n  
Boise and Klamath Fa l l s ) .  Space heating w i l l  be- 
come more and more economical w i t h  fur ther escala- 
t i o n  i n  conventional f u e l  prices. Nongeothermal 
countr ies such as Denmark are inves t iga t ing  the 
use o f  f l u i d s  heated by the normal geothermal gra- 
dient.  Since 43 percent of the energy consumed i n  
the country i s  f o r  space heating, the  use o f  geo- 
thermal i s  o f  i n te res t .  The p ro jec t  i n  Melun, 
France, w i l l  serve as a model, using heat pumps o r  
conventional fuel t o  peak the low-temperature geo- 
thermal f l u i d .  Ag r i cu l tu re  w i l l  have great empha- 
s i s  placed upon i t  t o  increase food production and 
grow crops i n  colder cl imates where none could be 
grown before on a commercial basis. Soi l  warming 
w i l l  be used t o  extend the growing season. Aqua- 
cu l tu re  w i l l  be developed i n  colder climates, as 
i t  has been shown t h a t  outdoor ponds can be kept 
a t  near ly constant temperature, even i n  below 
freezing temperature (K1 amath Fa1 1 s , Oregon). 
Growth r a t e  and reproduction can be increased w i t h  
these constant temperatures, an advantage over 
warm cl imate loca t ions  where so la r  heating varies. 
I n d u s t r i a l  processing w i l l  a lso  increase w i t h  ex- 
i s t i n g  p lants  being r e t r o f i t t e d  due t o  shortages o f  
conventional f ue l .  Ref r igera t ion  w i l l  be more at -  
t r a c t i v e  due t o  equipment being able t o  use lower- 
temperature geothermal resources (down t o  75OC). 

countr ies t o  become less dependent on imported 
fue ls .  
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