
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



Geothermal Resdurces Council TRANSACTIONS, 

GEOTHERMAL RESOURCES OF THE UK - COUNTRY UPDATE REPORT 1985-1990 

A S Batchelor 

Managing D i r e c t o r  o f  Geoscience L imi ted,  Falmouth Business Park 
Bick land Water Road, Falmouth Corwnall TR11 4SZ, Uni ted Kingdom 

ABSTRACT 

Geothermal energy app l ica t ions  and research are 
being a c t i v e l y  pursued i n  t h e  Uni ted Kingdom 
despi te  t h e  r e l a t i v e l y  normal heat f l o w  regime. 
The cumulative expenditure on geothermal a c t i v i t y  
from 1975 t o  1989 has been approximately 
€46 m i l l i o n  o r  32% o f  t h e  Renewable Energy 
Research Budget t o  date. The f i r s t  p r a c t i c a l  
a p p l i c a t i o n  i s  a 2 MWt scheme a t  Southampton as 
p a r t  of a d i s t r i c t  heat ing scheme. Commercial 
operat ion s t a r t e d  i n  February 1988 and f u r t h e r  
expansion i s  planned. The UK's enthusiasm f o r  Hot 
Dry Rock has dimmed s l i g h t l y  as t h e  e n t i r e  
programme i s  reappraised and t h e  iong heralded 
deep exp lo ra t ion  ho le  has y e t  t o  mater ia l i se .  
Future a c t i v i t y  looks l i k e l y  t o  focus on 
geothermal oppor tun i t ies  t h a t  have m u l t i p l e  uses 
o r  app l i ca t ions  f o r  t h e  f l u i d s  i n  small scale 
schemes and Hot Dry Rock research w i l l  probably be 
l i n k e d  t o  a pan-European programme based i n  
France. 

INTRODUCTION 

A t  the  l a s t  Geothermal Resources Council 
I n t e r n a t i o n a l  Meeting t h e  geothermal resources o f  
t h e  UK were presented i n  d e t a i l  by Garnish, 1985a, 
and t h e  same author a lso  described Hot Dry Rock 
(HDR) research a c t i v i t y  i n  d e t a i l ,  1985b. Very 
l i t t l e  f u r t h e r  exp lo ra t ion  and geologica l  a c t i v i t y  
has taken p lace i n  t h e  in te rven ing  f i v e  years 
a1 though app l ica t ions  and feas i  b i  1 i t y  
i nves t i  g a t i  ons have been exami ned and reworked 
several t imes. 

The f i r s t  geothermal d i r e c t  use d i s t r i c t  heating 
scheme has been a major success i n  t h e  Wessex 
Basin, see Garnish 1985a f o r  t h e  geologica l  
d e t a i l s .  It has become t h e  f i r s t  commercial 
geothermal development o f  any type  i n  t h e  UK o ther  
than the  famous spa a t  Bath. An o u t l i n e  o f  t h e  
scheme i n  Southampton i s  presented i n  t h i s  paper. 

The UK Department o f  Energy has continued t o  fund 
fundamental work i n  HDR development a t  t h e  
Camborne School o f  Mines research s i t e  a t  
Rosemanowes. The th ree  we1 1 s were i n t e r l  inked by 
massive hydrau l i c  f r a c t u r i n g  i n  J u l y  1985 and 
water has been c i r c u l a t e d  through t h e  ' r e s e r v o i r '  
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cont inuously  s ince  7 August 1985. HDR o f f e r s  t h e  
on ly  poss ib le  r o u t e  f o r  e l e c t r i c i t y  generation 
from geothermal resources i n  the  UK, a l b e i t  from 
w e l l s  5500 m t o  6000 m deep. Unfor tunate ly ,  t h e  
uncer ta in ty  i n  t h e  cos t  est imates o f  moving 
forward w i t h  HDR have grown over t h e  l a s t  few 
years and there  i s  a wide d i f fe rence o f  op in ion on 
t h e  nature and key features t h a t  would be requ i red  
i n  a successful reservo i r .  The s t a t e  o f  t h e  f i e l d  
work and t h e  cur ren t  phi losophy o f  t h e  UK 
Government have been presented i n  a Department o f  
Energy document, 1989. Deta i led  r e s u l t s  are 
a v a i l a b l e  i n  t h e  proceedings o f  a conference he ld  
i n  1989, Camborne School o f  Mines, 1989. 

THE ELECTRICITY MARKETS AND RENEWABLE ENERGY I N  
THE UK 

Table 1 shows t h e  most r e c e n t l y  publ ished UK power 
s t a t i s t i c s  w i t h  approximately 59 000 MWe on l i n e .  
Current ly ,  generat ion i s  c o n t r o l l e d  by th ree  s t a t e  
owned generating a u t h o r i t i e s  and twelve d i s t r i -  
but ions boards. This  i s  t o  change i n  A p r i l  1990 
when t h e  i n d u s t r y  i s  s p l i t  i n t o  approximately 
twenty companies ready f o r  sa le  t o  t h e  p r i v a t e  
sector  i n  l a t e  1990, e a r i y  1991. The nuclear 
p l a n t s  w i l l  remain i n  s t a t e  ownership. 

This  fundamental change w i t h  i t s  consequent l e v e l  
o f  uncer ta in ty  has caused t h e  i n d u s t r y  t o  focus on 
t h e  essent ia l  e f f o r t  o f  s t a r t i n g  up these new 
companies and, by necessity, concentrat ing on 
shor t  t o  medi um term requirements. It i s  
an t ic ipa ted  t h a t  new generating capac i ty  w i l l  be 
provided by combined c y c l e  gas t u r b i n e  systems i n  
t h e  300 t o  600 MWe s t a t i o n  s izes wh i le  t h e  
i n d u s t r y  s e t t l e s  down. The Government have 
in t roduced a compulsory 20% non- foss i l  purchase 
requirement on t h e  new d i s t r i b u t i o n  boards which 
means t h a t  t h e  14% o f  nuclear capaci ty  w i l l  be 
f u l l y  u t i l i s e d .  On t h e  other  hand, power sales 
cont rac ts  appear t o  be l i m i t e d  t o  e i g h t  years 
which has probably e l  i m i  nated t h e  c a p i t a l  
i n t e n s i v e  renewable element. 

Table 1A shows t h e  proposed expenditure f o r  
c e n t r a l  government funded renewable energy 
research over t h e  next f o u r  years together  w i t h  
t h e  cumulative expenditure t o  date. The h i g h l y  
favoured p o s i t i o n  o f  geothermal research, 
€35.9 m i l l i o n  HDR and €10.6 m i l l i o n  f o r  aqui fers ,  
i s  obvious and has accounted f o r  32% o f  a l l  
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renewable energy expenditure. Several sources 
were used t o  compile t h i s  t a b l e  and there  are 
d i f f e r i n g  f i g u r e s  i n  var ious pub l ica t ions .  The 
reasons f o r  t h e  discrepancies may be t h a t  
c o n t r i b u t i o n s  from t h e  Commission o f  t h e  European 
Communi t i e s  and i ndustry  have been m i  sa l  1 ocated as 
government expenditure. The references t o  these 
sources are shown i n  a separate sec t ion  a t  t h e  end 
o f  t h e  paper. 

The aqu i fe r  programme was run  down t o  v i r t u a l l y  
noth ing i n  1986/87 and t h e  actual  implementation 
o f  t h e  Southampton scheme was undertaken ou ts ide  
t h e  Government programme. 

THE SOUTHAMPTON GEOTHERMAL DISTRICT HEATING SCHEME 

The cur ren t  s ta tus  and f u t u r e  plans o f  t h e  
Southampton scheme are described i n  d e t a i l  by t h e  
Southampton Geothermal D i s t r i c t  Heating Company, 
1989. The d e t a i l s  o f  t h e  scheme are 
below: 

Southampton (Western Esplanade) we1 1 : 
basic data 

Depth t o  t o p  o f  aqu i fe r  
Thickness o f  water-bearing sandstones 
Pressure before s t a r t  o f  t e s t  
(12 Jan 83) measured a t  657.7 m 
below ground l e v e l  
Pumping r a t e  
Maximum drawdown dur ing constant 
r a t e  t e s t  (on 30 Jan 83) 

Temperature over aqu i fe r  ( t o  1755 m 
below ground 
Temperature gradient  
Maximum temperature 48 m below pump 
i n t a k e  (657.7 m below ground l e v e l  
Maximum surface temperature ( a t  
degassing tank i n l e t )  

Aqu i fe r  permeabi l i ty  
Skin f a c t o r  

Results o f  computer modelling 

Aqui fe r  permeabi 1 i t y  

Poros i ty  

Propert ies o f  the  b r i n e  

Densi ty  a t  20°C 
45°C 
76°C 

Dynamic v i  scosi t y  
a t  76°C 
S p e c i f i c  heat a t  75°C 

summari sed 

Sumnary o f  

1725 m 
38 m 

6.478 MPa 
absol Ute 

19.8 l / s  

3.03 MPa 

76°C 

37"C/km 

73.9"C 

74.9"C 

74-109 mD 
-2.9 

78-97 mD 

17.7-24.8% 

1.086 x l o 3  kg/m3 
1.076 x 10' kg/m3 
1.059 x l o 3  kg/m3 

4.84 x lo-"  Pa.s 

3.66 kJ/kg"C 

Tota l  d isso lved s o l i d s  i n  t h e  b r i n e  125 g/1 

The p r o j e c t  i s  t h e  f i r s t  commercial geothermal 
operat ion i n  t h e  UK f o r  d i s t r i c t  heating. The 

p r o j e c t  has come t o  f r u i t i o n  through t h e  
determinat ion o f  t h e  City Council and t h e  support 
and cooperation o f  U t i l i c o m  Ltd, a UK company w i t h  
a French parent. 

The product ion we l l  was d r i l l e d  t o  i n t e r s e c t  
T r i a s s i c  sandstones a t  1729 m t o  1796 m w i t h  a 
temperature o f  76°C. The o r i g i n a l  i n t e r p r e t a t i o n  
o f  t h e  w e l l  t e s t  r e s u l t s  has proved conservat ive 
and t h e  resource has been shown t o  be capable o f  
support ing much greater  e x p l o i t a t i o n  than 12 l / s  
f o r  twenty years. It was t h i s  o r i g i n a l  
i n t e r p r e t a t i o n  o f  a l i m i t e d  r e s e r v o i r  t h a t  l e d  t h e  
UK Department o f  Energy t o  reduce i t s  support f o r  
t h e  scheme but  t h e  City Council and U t i l i c o m  had 
t h e  confidence t o  pursue t h e  development w i t h  
v i  gour and commi tment . 
A downhole ho le  t u r b i n e  pump i s  used t o  d e l i v e r  
t h e  br ine ;  i t  i s  set  a t  652 m and has a design 
operat ing p o i n t  o f  12 l / s  w i t h  a head o f  500 m. 
The power i s  provided by a 250 kWe charge pump 
powered by a generator w i t h  f u l l  heat recovery. 

A t  t h e  surface, t h e  b r i n e  i s  maintained under 
pressure t o  prevent gas breakout and i t  i s  
f i l t e r e d  t o  80 microns p r i o r  t o  c i r c u l a t i o n  
through t h e  heat exchangers. During 
commissioning, there  were s i g n i f i c a n t  f i l t e r  
c logging problems as t h e  p ipe  dope was f lushed 
from t h e  j o i n t s  w i t h  i n t e r v a l s  between changes o f  
less  than twenty minutes a t  t h e  s t a r t .  

The b r i n e  passes t o  a 2000 kWt heat exchanger 
supplying heat t o  t h e  d i s t r i c t  heat ing s t a t i o n  
equipped w i t h  t h e  250 kVA d iese l  generator w i t h  
engine and exhaust gas heat recovery and a 
2000 kWt gas f i r e d  watertube b o i l e r .  

The b r i n e  runs i n  150 mm GRP p i p i n g  t o  t h e  
exchanger and then t o  discharge i n  t h e  estuary o f  
t h e  River  Test a t  about 30°C. Future p lans 
inc lude an absorbt ion heat pump t o  enhance t h e  
system performance. 

Commercial operat ion s t a r t e d  on 26 February 1988 
and t h e  system has been i n  f u l l  use ever s ince 
w i t h  minimal breakdown and stoppages. l h e  c u r r e n t  
heat load i s  comprised o f  t h e  City Counci 1 's own 
o f f i c e s ,  a hypermarket, techn ica l  c o l l e g e  and 
insurance o f f i c e  w i t h  plans t o  expand t o  two 
hote ls ,  a c l i n i c  and a r a d i o  s t a t i o n .  

Using t h e  ind ices  c a l c u l a t i o n  standards o f  t h e  
Commission o f  t h e  European Communities, t h e  scheme 
shows a payback per iod  o f  7.3 years based on an 
avoided cos t  o f  Natura l  Gas. 

OTHER DIRECT USE SCHEMES 

The Gabbons Nursery scheme a t  Penryn, i n  Cornwall, 
e x p l o i t s  a small b r i n e  resource i n  f r a c t u r e d  
Palaeozoic rocks on t h e  margin o f  a g r a n i t e  
p lu ton.  The ho le  was i n i t i a l l y  d r i l l e d  as a 
heat f low ho le  by t h e  Camborne School o f  Mines HDR 
pro jec t ,  see below, t o  v e r i f y  t h e  heat f low and 
g r a v i t y  model l ing o f  t h e  gran i te .  It i n t e r s e c t e d  
a f r a c t u r e d  Greenstone a t  256 m and produced up t o  
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20 kg/s a t  22OC. The chemical composition o f  t h e  
b r i n e  proved t o  conta in  t r a c e  minera ls  t h a t  
matched t h e  hydrophonic feed requirements o f  t h e  
adjacent glasshouse operat ion.  Moreover, t h e  
i r r i g a t i o n  costs  f o r  t h e  hydrophonic operat ion 
were r i s i n g  r a p i d l y  because o f  increased charges 
from t h e  l o c a l  water u t i l i t y  as i t  was prepared 
f o r  p r i v a t i z a t i o n .  Under UK regulat ions,  water 
abst racted from a p r i v a t e l y  owned borehole f o r  
i r r i g a t i o n  purposes does no t  a t t r a c t  a l i cence f e e  
so t h e  combination o f  reducing t h e  feed costs, 
e l i m i n a t i n g  t h e  i r r i g a t i o n  charges and mainta in ing 
t h e  r o o t  systems a t  22°C proved t o  be a major 
b e n e f i t  t o  t h e  operator. Th is  scheme s t a r t e d  i n  
1988 and has had two f u l l  seasons o f  operation. 
The Department o f  Energy sponsored a study o f  t h e  
use o f  a heat pump t o  a i d  t h e  actual greenhouse 
heat ing system but  t h e  r e s u l t s  showed t h a t  t h e  
resource temperature was j u s t  t o o  low f o r  such an 
app l ica t ion .  

Rep l ica t ion  and f u r t h e r  developments o f  t h i s  type  
o f  scheme have been sought aggress ive ly  by t h e  
au thor 's  company bu t  t h e  combination o f  an 
establ ished operat ion w i t h  s a t i s f a c t o r y  geolog ica l  
cond i t ions  has proved e lus ive .  A l l  t h e  s tud ies 
show t h a t  e i t h e r  t h e  we l l  must be d r i l l e d  w i t h  
some form o f  grant  and t h e  r e s e r v o i r  
c h a r a c t e r i s t i c s  proven t o  t n e  p o i n t  t h a t  t h e  
developer i s  no t  a t  r i s k ,  o r  t h e  w e l l  must be 
d r i l l e d  alongside an e x i s t i n g  operat ion so t h e  
' f a i l u r e '  o f  t h e  w e l l  venture does no t  impact t h e  
o r i g i n a l  scheme. Even so, i n  t h e  l a t t e r  case, i t  
i s  no t  c l e a r  t h a t  d i r e c t  use can a f f o r d  t h e  
exp lo ra t ion  r i s k  when t h e  p r i c e  o f  f o s s i l  f u e l  i s  
$18-$20 bb l  o r  equiva lent .  

A borehole d r i l l e d  a t  Cleethorpes by t h e  
Department o f  Energy i s  j u s t  such an example o f  
t h e  f i r s t  t ype  o f  approach. Garnish, 1985a, 
describes t h e  w e l l  i n  t h e  East Yorkshire/ 
L inco lnsh i re  Basin where i t  found i t s  secondary 
t a r g e t  i n  t h e  T r i a s s i c  sands w i t h  t r a n s m i s s i v i t i e s  
g rea ter  than 80 Dm w i t h  water a t  49°C from a depth 
o f  1100 m. Th is  w e l l  remains unused today desp i te  
var ious f e a s i b i l i t y  s tud ies f o r  d iverse  
app l ica t ions .  

Table 28 and Table 5 summarize t h e  r e s u l t s  o f  t h e  
d i r e c t  use schemes. 

HOT DRY ROCK 

HDR research i n  t h e  UK was i n i t i a t e d  i n  November 
1973 by t h e  author and developed t o  a major 
research programme t o  i n v e s t i g a t e  the  s t i m u l a t i o n  
o f  n a t u r a l l y  f r a c t u r e d  format ions t o  prov ide t h e  
necessary heat exchange surfaces i n  t h e  reservo i r ,  
Batchelor, 1.989. The essent ia l  f ind ings o f  t h e  
work t o  1985 have been described a t  t h e  previous 
meeting by Garnish, 1985b. The author and several 
col leagues l e f t  t h e  programme i n  1986 and t h e  work 
has continued w i t h  long term c i r c u l a t i o n  o f  t h e  - 
r e s e r v o i r .  l h e  most recent  r e s u l t s  are given by 
Parker, 1989. 

The main fea ture  o f  t h e  post 1986 work has been 
t h e  development o f  a conceptual design f o r  a 

commercial system i n  conjunct ion w i t h  i n d u s t r i a l  
par tners.  This  i s  due f o r  completion i n  1990. 

Approximately €17 m i l l i o n  has been spent i n  t o t a l  
by t h e  HDR programme s ince 1986. This i s  very 
near ly  double t h e  expenditure from 1973 t o  1986 
and shows a s t rong commitment by t h e  Government t o  
mainta in  t h e  programme. 

Two essent ia l  f a c t o r s  remain unaddressed. 

F i r s t l y ,  i t  i s  c l e a r  from t h e  r e s u l t s  o f  a l l  o f  
t h e  HDR research systems t h a t  they have hydrau l i c  
c h a r a c t e r i s t i c s  dominated by t h e  na tura l  f r a c t u r e s  
a1 ready present a t  r e s e r v o i r  depth. F1 ow 
channel l ing and wel lbore connections t o  t h e  
f r a c t u r e  network are c r i t i c a l l y  dependent upon t h e  
f r a c t u r e  geometry and connect iv i t y .  The 
under ly ing phi losophy adopted i n  t h e  UK programme 
from t h e  s t a r t  recognises t h e  f a c t  t h a t  i t  i s  t h e  
na tura l  f r a c t u r e  pa t te rns  t h a t  w i l l  c o n t r o l  HDR 
systems. However, t h e  conclus ion t h a t  massive 
hydrau l i c  s t i m u l a t i o n  w i l l  no t  a i d  r e s e r v o i r  
development away from t h e  very near we l l  reg ion  
because t h e  f 1 owpaths are predetermined by t h e  
p o s i t i o n  o f  t h e  wel lbores themselves i s  recent  and 
s t i l l  h o t l y  debated. The access t o  t h e  r e s e r v o i r  
i s  under t h e  engineering c o n t r o l  o f  t h e  HDR 
engineer but  t h e  manipulat ion cannot be achieved 
w i t h  cur ren t  technology. This  fo rces  a r e t h i n k  o f  
HDR ph i  1 osophy towards consi d e r i  ng basement 
formations w i t h  s t r o n g l y  developed f r a c t u r e s  w i t h  
long s t r i k e  length  and adds a geologica l  
c o n s t r a i n t  t o  t h e  s e l e c t i o n  o f  s i t e s  t h a t  has no t  
been considered prev ious ly .  M u l t i p l e  p lanar  
geometries and o ther  concepts need t o  be put  t o  
one s ide f o r  t h e  moment. 

The second fac to r  stems from t h e  argument t h a t  t h e  
geologica l  c o n s t r a i n t  o f  needing la rge  and more 
open f r a c t u r e  s t ruc tu res  t o  b u i l d  an HDR prototype 
system means t h a t  t h e  system cannot be planned 
u n t i l  exp lo ra t ion  data i s  ava i lab le  from f u l l  
depth. Only t h e  USA, Los Alamos, and t h e  Japanese 
HDR p r o j e c t  have d r i l l e d  holes t h a t  reach 
commercial temperatures and now have geophysical 
and geologica l  data t o  enable a r a t i o n a l  programme 
t o  be planned. The UK needs t o  d r i l l  a 5000 m t o  
6000 m ho le i n t o  t h e  g r a n i t e  before cont inu ing t o  
fund ongoing generic and shal low i n v e s t i g a t i o n s  i f  
i t  i s  serious about t h e  f u t u r e .  The marginal cos t  
o f  completing t h e  programme t h a t  has already spent 
€36 m i l l i o n  i s  q u i t e  a small f r a c t i o n  o f  t h e  
t o t a l .  

THE FUTURE 

It i s  c l e a r  t h a t  there  i s  an a c t i v e  community o f  
profess ional  people pursuing geothermal energy i n  
a1 1 i t s  forms w i t h  considerable involvement 
overseas a s w e l l  as i n  t h e  UK, Table 6. 

W i t h i n - t h e  UK i t s e l f ,  i t  seems l i k e l y  t h a t  t h e  
cur ren t  i n t r o s p e c t i v e  debate i n t o  t h e  f u t u r e  o f  
HDR w i l l  lead t o  t h e  demise o f  t h e  f i e l d  programme 
and a much smal ler  p a r t i c i p a t i o n  i n  a European 
Pro jec t  w i t h  t h e  French and German groups a t  
Soultz. I n  one way t h i s  i s  t o  be welcomed because 
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A c t i v i t y  

I n  operat ion 

Under construct ion 

Funds committed 

Total  projected 
use by 1995 

~~ 

o f  t h e  need t o  focus resources bu t  i t  i s  
un for tunate  t h a t  t h e  c o n d i t i o n s  a t  f u l l  depth w i l l  
n o t  be known p r i o r  t o  s topping t h e  UK work. Th is  
means t h a t  any experiment thought  t o  be r e l e v a n t  
t o  e x t r a p o l a t i n g  t o  UK c o n d i t i o n s  w i l l  be based on 
specu la t ion  r a t h e r  than f a c t .  

Geothermal Foss i l  Fuel  Hydroelectr ic  Nuc 1 e a r  

Capacity U t i l i z a t i o n  Capacity U t i  1 i t a t i o n  Capacity U t i  1 i zat ion  Capacity U t i  1 i zat ion  
MWe GWhlyr MWe GWhlyr MWe GWh/yr Mble GWhlyr 

0 0 50 633 208 329 2320 5630 651 9 42 672 

0 0 unknown unknown n i  1 n i  1 1175 n i  1 

0 0 unknown unknown unknown unknown n i  1 

0 0 not publ i shed not publ i shed not publ i shed 

~~ ~~ -- ~~ 

I I I 

D i r e c t  use operat ions w i l l  develop s lowly  as 
i n d i v i d u a l  schemes are found t o  be v i a b l e  and t h e  
developers w i l l  need t o  have t h e  d r i v e  and 
de terminat ion  o f  Southampton City Counci l  and 
U t i l i c o m .  One new scheme may come t o  f r u i t i o n  i n  
1993 bu t  i t  has t o  overcome t h e  compet i t ion  f rom 
n a t u r a l  gas f i r s t .  

I n s t i t u t i o n a l  b a r r i e r s  such as t a x  breaks f o r  t h e  
O i l  and Gas developers t h a t  do n o t  apply t o  
geothermal schemes, e i g h t  year  l i m i t s  t o  power 
sa les agreements and hidden subs id ies  t o  bo th  t h e  
gas and e l e c t r i c i t y  i n d u s t r i e s  a re  being t a c k l e d  
b u t  t h e r e  are  some s t rong vested i n t e r e s t s  t o  
overcome ! 

The UK w i l l  s t i l l  be a c t i v e  i n  promoting t h e  use 
o f  geothermal energy i n  i t s  w ides t  poss ib le  sense 
and i t  i s  hoped t o  r e p o r t  more success s t o r i e s  o f  
t h e  Southampton t y p e  i n  t h e  1995 conference. 
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TABLE 1 PRESENT AND PLANNED PRODUCTION OF ELECTRICITY 

Great uncertainty cow e x i s t s  i n  t h e  UK on the nature o f  t h e  market f o r  e l e c t r i c i t y .  The industry has been s p l i t  i n t o  
approximately 20 companies ready f o r  s e l l i n g  t o  the  p r i v a t e  sector i n  l a t e  1990 and e a r l y  1991. 
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TABLE 1A  RENEWABLE ENERGY R&D EXPENDITURE - ESTIMATE FOR 1989 /1990 ,  PROVISION FOR 1 9 9 0 / 1 9 9 1  AND 
REQUESTS FOR FUTURE YEARS 

2 700 

17 900 

Wind 
Geothermal HDR 
Solar 
Biofuel s 
Wave 
Aquifers - Geothermal 
Tidal 
Hydro e lec t r i c  
General studies 
Technology transfer support 

ETSU - Programme Management 

TOTAL 

2 850 3 000 3 200 3 400 

20 330 21 830 25 000 26 000 

Local i ty 

(Footnote f o r  
Comments 1 

\ 

Maximum U t i  1 i z a t i  on 

SOUTH AMPTON 
(Western 
Espl anade) 

PENRYN 
(Gabbons 
Nursery) 

BATH SPA 
( Avon 1 

Average Annual U t i l i za t i on  

f '000 
1975 t o  1989 
Cumulative 

Temperature Enthalpy** 
kJ/kg "C 

I n l e t  Outlet I n l e t  Outlet 

72 28 

22 10 

46.5 

29 500 
35 900 

9 900 
9 700 

17 700 
10 600 
5 800 

800 
800 

1 700 

24 000 

146 400 

Flow Rate Temperature En t h a1 py** 
"C k J/kg kg/s 

I n l e t  Outlet I n l e t  

12.5 72 28 

5 22 10 

Natural spring known from Roman 
times. I n  continuous use I 

I 

I I I I 

D 

G 

B 

f '000 f '000 f '000 f'000 f '000 
1989/1990 I 1990/1991 1 1991/1992 1 1992/1993 I 1993/1994 
Estimate Provi sion Request Request Request 

15 

5 

13 

5 000 

2 900 
1 900 
2 000 

200 
150 

1 000 

150 
800 

1 100 

7 000 
2 900 
2 000 
2 100 

200 
50 

1 200 
150 
750 

1 130 

8 000 
3 000 
1 900 
2 050 

205 
50 

1 225 
150 
770 

1 480 

I 9 500 I 10 138 
3 075 
1 951 
2 150 

320 
50 

2 000 
154 
900 

1 700 

3 151 
1 700 
2 200 

328 
10 

2 050 
158 
900 

1 965 

TABLE 2 U T I L I Z A T I O N  OF GEOTHERMAL ENERGY FOR DIRECT HEAT - DECEMBER 1990 

* Type o f  use: I = Industr ia l  process heat D = D i s t r i c t  heating 
C = Airconditioning 
A = Agricultural drying G = Greenhouses 
F = Fish and other animal farming 0 = Other 

B = Bathing and swimming 

** Enthalpy information i s  given only i f  there i s  steam or two-phase flow 

Type* I Flow Rate 

Outlet 
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Year We1 1 Type o f *  Tota l  Maximum F1 owi ng 
D r i  1 1 ed Number We1 1 Depth Temp Enthalpy** Local i ty 

(Footnote f o r  comments) ( 1 )  ( 2 )  (m) "C kJ/kg 

PENRYN (Gabbons Nursery)  1985 1 P P 256 22 92.4 

TABLE 5 WELLS DRILLED FOR DIRECT HEAT U T I L I Z A T I O N  OF GEOTHERMAL RESOURCES FROM 1 JANUARY 1985 TO 
1 JANUARY 1990 
(Does not include thermal gradient wells less than 100 m deep) 

Flow Rate 
kg/s  

Max Use 

-1 5 5 

* Type o r  purpose o f  w e l l  and manner o f  p roduc t ion  
(Uses one symbol from column ( 1 )  and one f rom column ( 2 )  
( 1 )  ( 2 )  
T = Thermal g rad ien t  or other  s c i e n t i f i c  purpose 
E = Exp lo ra t ion  
P = Product ion 
I = I n j e c t i o n  
C = Combined e l e c t r i c a l  and d i r e c t  use 

A Ar tes ian  
P = Pumped 
F = F lashing 

Year 

1985 

1986 

1987 

1988 

1989 

(Professional  Man Years o f  E f f o r t )  

( 1  1 ( 2 )  ( 3 )  ( 4 )  ( 5 )  (6 )  

20 4 40 ? 0 3 

15 4 27 1 0 3 

10 3 30 ? 0 19 

8 3 40 ? 0 23 

8 2 47 ? 1  0 23 

I 

TABLE 6 ALLOCATION OF PROFESSIONAL PERSONNEL TO GEOTHERMAL A C T I V I T I E S  
(Restricted to personnel with a uni versi ty degree) 

( 1  1 Government 
( 2 )  P u b l i c  U t i l i t i e s  
( 3 )  U n i v e r s i t i e s  

(4) Paid Fore ign Consul tants  
( 5 )  
( 6 )  P r i v a t e  I n d u s t r y  

C o n t r i  buted Through Fore ign Aid Programmes 
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