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E-nerqy From Geothermal Resources i s  t h e  f o u r t h  in a 
ser ies o f  r e p o r t s  o n  renewable e n e r g y  resources  b e i n g  
p r e p a r e d  by t h e  G o v e r n o r ' s  E n e r g y  Of f i ce .  T h e  r e -  
p o r t s  p r o v i d e  in format ion o n  t h e  c u r r e n t  s t a t u s  of b o t h  
p r o m i s i n g  and p r o v e n  sources o f  renewable e n e r g y  in 
t h e  Sta te  o f  F lo r ida .  Ava i lab le  convers ion  t e c h -  
nologies,  federa l  and s ta te  governmenta l  promot ional  
e f f o r t s ,  a n d  p r i v a t e  sector  u t i l i z a t i o n  o f  renewable 
e n e r g y  a r e  rev iewed.  Issues a n d  f a c t o r s  t h a t  may 
advance o r  inhibit t h e  g r e a t e r  u s e  of renewable e n e r g y  
sources a r e  i d e n t i f i e d  and d iscussed.  T h r o u g h  t h i s  
ser ies,  it i s  hoped t h a t  t h e  p u b l i c  a n d  o t h e r s  in g o v -  
e r n m e n t  can o b t a i n  a g r e a t e r  u n d e r s t a n d i n g  o f  t h e  
c o n t r i b u t i o n  renewable e n e r g y  can make in l i m i t i n g  o u r  
dependence on  impor ted  pe t ro leum a n d  o t h e r  foss i l  
fue ls ,  w h i c h  a r e  g r a d u a l l y  b e i n g  dep le ted .  
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1 
ENERGY FROM GEOTHERMAL RESOURCES 

INTRODUCTION 

Geothermal e n e r g y  i s  t h e  n a t u r a l  heat  o f  t h e  e a r t h .  T h e  heat ,  

o r i g i n a t i n g  f r o m  t h e  decay o f  rad ioac t ive  mater ia ls  in t h e  e a r t h ' s  co re  

and  f rom f r i c t i o n a l  movement o f  r o c k  masses, genera l l y  decreases in 

tempera tu re  o u t w a r d  f r o m  t h e  core .  A l t h o u g h  t h e  po ten t ia l  geothermal  

resource  base, as de f i ned  by t h e  U . S .  Geologic S u r v e y ,  inc ludes  all t h e  

s t o r e d  hea t  above 6OoF t o  a d e p t h  o f  s i x  miles, most o f  t h e  hea t  i s  so 

d i f f u s e  t h a t  it canno t  b e  recove red  economical ly. I n  some areas where  

t h e  u n d e r l y i n g  geologic s t r u c t u r e  has led  t o  e levated tempera tu res  a t  

shal low dep ths ,  t h e  geothermal  e n e r g y  is  concen t ra ted  in h o t  so l id  r o c k s  

o r  water -s team m i x t u r e s  in r o c k  pores  and  f r a c t u r e s .  T h i s  e n e r g y  can 

b e  recove red  a n d  used f o r  d i r e c t  space heat ing ,  i n d u s t r i a l  and  a g r i -  

c u l t u r a l  processes,  and  e lec t r i ca l  genera t i on .  C u r r e n t l y  non -e lec t r i c  

app l i ca t ions  exceed e lec t r i c  app l i ca t ions  in t h e  o v e r  50 coun t r i es  e x -  

p l o i t i n g  t h i s  e n e r g y  source .  T h e  la rges t  use  i s  i n  Russia w h e r e  t h e  

equ iva len t  o f  5,000 megawatts (MW) o f  geothermal  e n e r g y  i s  used t o  heat  

g reenhouses .  A lmost  al l  t he  c i t y  o f  R e y k j a v i k ,  I ce land i s  heated  w i t h  

n a t u r a l  h o t  w a t e r .  

I 

Concen t ra t i ons  o f  geothermal  heat  may b e  f o u n d  in t h e  presence o r  

absence o f  w a t e r .  T h e  most  commercial ly a t t r a c t i v e  a re  h y d r o t h e r m a l  

systems in wh ich  geothermal  hea t  i s  t r a n s f e r r e d  to water  pe rco la t i ng  

t h r o u g h  f r a c t u r e s  a n d  pores  in r o c k  above a hea t  source .  Geothermal 

hea t  t h a t  i s  n o t  in con tac t  w i t h  wa te r  i s  ca l led h o t  dry r o c k  geothermal  

e n e r g y .  T h e  Los Alamos Nat ional  L a b o r a t o r y  i n  New Mexico i s  con-  

d u c t i n g  research  in t h i s  area.  

T r a d i t i o n a l l y ,  geothermal  e n e r g y  in t h e  U . S .  has  been associated 

w i t h  geo log ica l l y  y o u n g  vo lcan ic  areas such  as p o r t i o n s  o f  Ca l i f o rn ia ,  

New Mexico, Hawaii ,  a n d  A laska.  T h e  source  o f  hea t  f o r  these high 

t e m p e r a t u r e  geothermal  resources  ( g r e a t e r  t h a n  300OF) i s  magma o r  mol- 



t e n  r o c k  sometimes f o u n d  n e a r  t h e  sur face .  T h i s  t y p e  o f  geothermal  r e -  

source  occasional ly can b e  used f o r  g e n e r a t i n g  e l e c t r i c i t y .  T h e  bes t  

k n o w n  U.S.  p r o j e c t  i s  t h e  Geysers e l e c t r i c  power  p lan t ,  n o r t h  o f  San 

Franc isco.  

A l ower - tempera ture  t y p e  o f  geothermal e n e r g y  i s  f o u n d  in p a r t s  o f  

t h e  eas tern  U n i t e d  States.  T h i s  resource  e x i s t s  where  t h e r e  i s  a g r e a t -  

e r  t h a n  normal thermal  g r a d i e n t  w i t h  .depth;  t h a t  is, t h e  t e m p e r a t u r e  in 

a wel l  i s  h i g h e r  a t  a g i v e n  d e p t h  t h a n  expec ted .  T h e  reg ions  o f  most 

i n t e r e s t  a r e  those where  t h e  tempera tures  reach 95OF o r  above a t  a 

d e p t h  o f  3,000 fee t .  These areas a r e  associated w i t h  b u r i e d  g r a n i t i c  

p l u t o n s  w h i c h  a r e  o v e r l a i n  by t h e  sed imentary  r o c k s  o f  t h e  Coastal 

Plain.  T h e  g r a n i t e  conta ins  r e l a t i v e l y  high concent ra t ions  o f  rad ioac t ive  

u r a n i u m  a n d  t h o r i u m  w h i c h  p r o v i d e  t h e  sources o f  heat  f o r  t h e  sedi -  

m e n t a r y  r o c k s .  

Geopressured resources,  f o u n d  p r i n c i p a l l y  a long t h e  c e n t r a l  G u l f  

Coast a t  d e p t h s  below 12,000 feet ,  con ta in  methane d isso lved in sal ine 

w a t e r  u n d e r  abnormal ly  high p r e s s u r e .  T h e  p o s s i b i l i t y  o f  r e c o v e r i n g  

heat  f r o m  geopressured fo rmat ion  h o t  water  (above Z O O O F ) ,  as wel l  as 

p r o d u c i n g  methane gas, p r o v i d e s  incent ives  t o  i n v e s t i g a t e  t h e  use  o f  

these geopressured zones f o r  e n e r g y .  

Shal low g r o u n d  water  normal ly  i s  u n a f f e c t e d  by magma a n d  r a d i o -  

a c t i v e  decay .  T h e  t e m p e r a t u r e  o f  t h e  water  in most reg ions  is  t h e  same 

as t h e  average annual  a i r  t e m p e r a t u r e  f o r  that reg ion .  S u c h  water ,  

s ince it does n o t  dev ia te  f r o m  i t s  mean t e m p e r a t u r e  as much as a i r ,  

d e r i v e s  e n e r g y  va lue  f r o m  b e i n g  cooler than t h e  a i r  in t h e  summer a n d  

warmer in t h e  w i n t e r .  As  a r e s u l t ,  g r o u n d  w a t e r  heat  pumps may o f f e r  

g r e a t e r  po ten t ia l  benef i t s  t h a n  t r a d i t i o n a l  heat  pumps w h i c h  d r a w  e n e r g y  

f r o m  t h e  s u r r o u n d i n g  a i r .  

O f  t h e  h e a t  resources  d iscussed above, t h e  ones o f  i n t e r e s t  t o  

F lo r ida  a r e  above average thermal  g r a d i e n t s  in t h e  e a r t h  ( d u e  t o  g r a n i t i c  

p l u t o n s )  a n d  t h e  u s e  o f  g r o u n d  water  f o r  heat  pumps.  
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TECH NO LOGY 

Geothermal wel ls  a r e  d r i l l e d  w i t h  t h e  s t a n d a r d  r o t a r y  r i g s  t y p i c a l l y  

used by t h e  o i l  and  gas i n d u s t r i e s .  However,  special techn iques  m u s t  

b e  employed when excess ive ly  high tempera tures  a re  encoun te red  d u r i n g  

d r i l l i n g .  Some wel ls  in t h e  West have been d r i l l e d  w i t h  a i r  r a t h e r  t h a n  a 

d r i l l i n g  f l u i d  t o  overcome t h e  high tempera tu re  prob lem.  Well s t imu la t ion  

techn iques  sometimes a re  used t o  increase t h e  f low o f  h y d r o t h e r m a l  f l u i d s  

o r  t o  c rea te  c r a c k s  in impermeable h o t  r o c k  fo rmat ions .  

T h e  uses f o r  geothermal  resources  f o u n d  i n  areas w i t h  h i g h e r  t h a n  

normal  thermal  g r a d i e n t s  a re  most ly  f o r  modest t empera tu re  app l i ca t ions  

i n v o l v i n g  space hea t ing  a n d  heat  pump/heat  exchanger  app l i ca t ions  in 

i n d u s t r y ,  a g r i c u l t u r e ,  o r  m a r i c u l t u r e .  When these geothermal  wa te rs  

conta in  o n l y  small amounts o f  d isso lved sa l ts ,  few u t i l i za t i on  prob lems 

o c c u r  because t h e  tempera tu re  o f  t h e  water  does n o t  change enough  to  

cause t h e  sa l ts  t o  p r e c i p i t a t e  and  fou l  t h e  heat  e x c h a n g e r .  

T h e  techno logy  f o r  al l  g r o u n d  water  heat  pumps  cons is ts  o f  an 

a i r - s i d e  heat  exchanger ,  a wa te r -  o r  f l u i d - s i d e  heat  exchanger ,  and  a 

r e f r i g e r a n t  system connected  t o  b o t h  heat  exchangers .  These u n i t s  a r e  

used p r i m a r i l y  f o r  a i r  cond i t i on ing  in F lo r i da .  S ince pe r fo rmance  de -  

creases w i t h  i nc reas ing  water  tempera ture ,  t h e  heat  p u m p  e f f i c i ency  in 

F lo r ida  wou ld  b e  h i g h e r  i f  t h e  g r o u n d  water  were  cooler; however ,  even  

w i t h  g r o u n d  wa te r  tempera tures  in F lo r i da  r a n g i n g  f r o m  70' to  7 8 O F ,  t h e  

g r o u n d  water  heat  p u m p  s t i l l  remains a n  e f f e c t i v e  a i r  c o n d i t i o n e r .  A 

waste hea t  r e c o v e r y  unit can b e  added  t o  p r o d u c e  domestic h o t  wa te r .  

Because o f  poss ib le  p rob lems w i t h  g r o u n d  wa te r  dep le t ion  o r  sa l twater  

i n t r u s i o n ,  c losed loop wa te r  source  hea t  pumps  have  been des igned .  

These rec i r cu la te  t h e  same wa te r  w i t h o u t  consumpt i ve  wa te r  use  a n d  d o  

n o t  r e q u i r e  re in jec t i on .  Closed loop systems a r e  r e l a t i v e l y  new a n d  few 

have  been ins ta l l ed .  I t  i s  expec ted  t h a t  t h e  cos ts  a n d  p a y b a c k  pe r iods  

f o r  closed loop systems w i l l  n o t  b e  s i g n i f i c a n t l y  g r e a t e r  t h a n  convent iona l  

systems as t h e  closed loop sys tems  r e q u i r e  less e n e r g y  t o  run pumps, 

and  wa te r  does n o t  have  t o  b e  f o r c e d  b a c k  i n t o  t h e  a q u i f e r  t h r o u g h  a 

re in jec t i on  we l l .  
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G r o u n d  water  heat  pumps a r e  g e n e r a l l y  cons idered t o  b e  more 

e f f i c i e n t  t h a n  a i r  souce h e a t  pumps.  F o r  F lo r ida  cond i t ions ,  however ,  

t h e  ef f ic ienc ies o f  water  source  heat  pumps may b e  lower  t h a n  in more 

n o r t h e r l y  areas because t h e  g r o u n d  water  in F lo r ida  i s  warmer a n d  t h e  

a i r  c o n d i t i o n i n g  season i s  l o n g e r .  One advantage o f  a w a t e r  source  heat  

p u m p  i s  t h a t  it can b e  mounted i n s i d e  o f  t h e  house. In coastal areas 

such u n i t s  wou ld  n o t  b e  exposed t o  sa l t  s p r a y .  A i r  source  heat  pumps 

exposed t o  sa l t  s p r a y  r a p i d l y  d e t e r i o r a t e  a n d  may become economical ly 

u n r e p a i r a b l e  w i t h i n  t h r e e  t o  f o u r  years .  

FEDERAL PROGRAMS 

T h e  t w o  federa l  agencies w i t h  p r i m a r y  respons ib i l i t i es  f o r  geo- 

thermal  e n e r g y  a r e  t h e  Depar tment  o f  E n e r g y  (DOE) a n d  t h e  Depar tment  

o f  I n t e r i o r ,  Geological S u r v e y .  T h e  DOE p r o g r a m  has been d i r e c t e d  

t o w a r d s  development  o f  advanced techno logy  a n d  s i te -spec i f i c  s tud ies .  

Federa l  b u d g e t  c u t s  in t h e  e a r l y  1980s caused t h e  DOE t o  p u l l  o u t  of 

most nat ional  geothermal  commercial izat ion e f f o r t s  a n d  t o  e l iminate eas tern  

U.S.  geothermal  p r o j e c t s .  T h e  Geological S u r v e y  has  focused o n  a n  

o v e r a l l  assessment o f  t h e  nat ional  geothermal  resource .  

U n d e r  t h e  Safe D r i n k i n g  Water A c t  o f  1974, t h e  Env i ronmenta l  

Pro tec t ion  A g e n c y  i s  r e q u i r e d  t o  a d o p t  regu la t ions  t o  c o n t r o l  t h e  d r i l l i n g  

a n d  use o f  u n d e r g r o u n d  in jec t ion  wel ls,  i n c l u d i n g  in jec t ion  wel ls f o r  

g r o u n d  w a t e r  h e a t  pumps w h i c h  a r e  Class V wel ls.  Class V wel ls u n d e r  

t h e  a c t  a r e  those i n t o  w h i c h  non-hazardous  f l u i d s  can b e  in jec ted  i n t o  o r  

above fo rmat ions  t h a t  con ta in  u n d e r g r o u n d  sources o f  drinking water .  

T h e  N a v y  i s  inves t iga t ing .  a combinat ion o f  ocean thermal  e n e r g y  

a n d  geothermal  e n e r g y  (GEOTEC) in w h i c h  t h e  t e m p e r a t u r e  d i f f e r e n c e  

between h o t  geothermal  water  a n d  cooler  s u r f a c e  w a t e r  o f  t h e  ocean i s  

used t o  genera te  e l e c t r i c i t y .  A n  e n g i n e e r i n g  concept  s t u d y  has been 

completed f o r  a GEOTEC p l a n t  o n  a nava l  base in t h e  A l e u t a i n  Is lands  o f  

A laska.  O t h e r  s i tes in t h e  U.S. ,  i n c l u d i n g  t h e  Naval  A i r  Rework  Faci l -  

i ty a t  Jacksonvi l le ,  also a r e  b e i n g  cons idered.  
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Businesses t h a t  w ish  t o  i n v e s t  in geothermal  systems a re  e l ig ib le  f o r  

a 15 p e r c e n t  federa l  e n e r g y  i nves tmen t  t a x  c r e d i t  u n t i l  December 31, 

1985. In o r d e r  t o  q u a l i f y ,  t h e  wa te r  e x t r a c t e d  mus t  b e  122OF o r  h o t t e r .  

T h e  d e f i n i t i o n  o f  "geothermal"  used  in t h e  federa l  regu la t i ons  el iminates 

g r o u n d  water  hea t  pumps f r o m  t h i s  t a x  c r e d i t ,  and  i t  also places most  o f  

t h e  po ten t ia l  eas te rn  U .S .  low-grade geothermal  resources  a t  o r  below 

t h e  b o r d e r l i n e  f o r  federa l  t a x  c r e d i t s .  

FLORIDA PROGRAMS 

T h e  U n i v e r s i t y  o f  F lo r ida  Geophysica l  L a b o r a t o r y  has i nves t i ga ted  

hea t  f l o w  va lues  f o r  t h e  G u l f  Coastal Plain a n d  n o r t h - c e n t r a l  F lo r i da .  

Thermal  g r a d i e n t s  f o u n d  in t h e  ma jo r i t y  o f  t h e  wells d r i l l e d  in F lo r i da  

were  below ave rage  t o  average,  i nd i ca t i ng  l i t t l e  promise o f  a s i g n i f i c a n t  

geothermal  resource .  However,  researchers  f o u n d  above average thermal  

g r a d i e n t s  in t h e  ex t reme wes te rn  Panhandle o f  F lo r i da .  T h i s  zone o f  

l ow-g rade  geothermal  g r a d i e n t s  ex tends  f r o m  Pensacola n o r t h w e s t w a r d  t o  

Mobile, Jackson,  a n d  n o r t h e a s t e r n  Louis iana a n d  mer i t s  f u r t h e r  i n v e s t i -  

ga t i on  because o f  i t s  p r o x i m i t y  t o  severa l  l a rge  c i t ies .  A t  p r e s e n t ,  t h e r e  

a r e  n o  p lans  t o  deve lop  t h i s  resource .  

A second da ta  g a t h e r i n g  a n d  i n v e s t i g a t i v e  process  w i t h  i n t e r e s t  f o r  

F lo r ida  i s  b e i n g  u n d e r t a k e n  by t h e  Geothermal Ut i l i za t ion  D iv i s ion  o f  t h e  

Naval  Weapons C e n t e r  in Ch ina  Lake, Ca l i f o rn ia .  I n  a feas ib i l i t y  s t u d y  

of Naval  bases in V i rg in ia ,  Sou th  Caro l ina,  a n d  F lo r ida ,  t h e  Nava l  A i r  
R e w o r k  Faci l i t ies  a t  Jacksonv i l le  a n d  N o r f o l k  were  i d e n t i f i e d  as t h e  t w o  

b e s t  ins ta l la t ions  f o r  geothermal  e n e r g y  usage.  A t  t h e  Naval  A i r  Rework  

Fac i l i t y  in Jacksonvi l le ,  a c e n t r a l  s ta t i on  steam power  p l a n t  i s  f ue led  by 

n a t u r a l  gas .  Even  t h o u g h  tempera tu re  g r a d i e n t s  i n  t h e  Jacksonv i l le  

s t u d y  area a r e  o n l y  average,  t h e  124OF wa te r  f r o m  4,900 fee t  be low 

g r o u n d  level  i s  warm enough  t o  p r e h e a t  wa te r  e n t e r i n g  t h e  steam b o i l e r .  

T h e  warm wa te r  also can  b e  pumped  d i r e c t l y  t h r o u g h  b u i l d i n g s  f o r  space 

hea t ing  a n d  a i r  cond i t i on ing .  T o  make t h e  p r o j e c t  economical ly feas ib le ,  

a f l o w  r a t e  of 200 gal lons p e r  m inu te  o f  wa te r  i s  needed.  A t  p resen t ,  

n o  geothermal  f low r a t e  t e s t s  have  been conduc ted .  T h e  i n i t i a l  i n v e s t -  

men t  f o r  t h e  p r o j e c t  wou ld  b e  $1 .2  mi l l ion a n d  wou ld  r e q u i r e  t h e  in- 

s ta l la t ion  o f  a re in jec t i on  well  in add i t i on  t o  a p r o d u c t i o n  well  a n d  heat  
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exchangers .  

a f u e l  sav ings  o f  63 b i l l i o n  Btu.  

Est imated f u e l  cos t  sav ings  wou ld  b e  $181,000 a n n u a l l y  w i t h  

In F lo r ida  t h e  U n d e r g r o u n d  In jec t ion  Program has been delegated t o  

t h e  F lo r ida  Depar tment  o f  Envi ronmenta l  Regulat ion (DER),  a n d  permi ts  

f o r  Class V wel ls can b e  ob ta ined f r o m  reg iona l  o f f i ces  o f  t h e  DER. T h e  

eas i ly  accessible g r o u n d  w a t e r  areas in F lo r ida  f a v o r  ins ta l la t ion  o f  

g r o u n d  water  heat  pumps.  While t h e  exac t  n u m b e r  o f  a l l  t y p e s  o f  g r o u n d  

water  heat  pumps a r e  n o t  known,  r e c o r d s  d o  e x i s t  f o r  t h e  m a j o r i t y  o f  

those heat  pumps h a v i n g  r e t u r n  wel ls f o r  r e i n j e c t i n g  w a t e r  i n t o  t h e  

a q u i f e r .  T h e  most  r e c e n t  s u r v e y  o f  in jec t ion  wel ls in F lo r ida  l i s t e d  

about  9,600 Class V wells, t h e  m a j o r i t y  o f  w h i c h  were  a i r  c o n d i t i o n i n g  

r e t u r n  f l o w  wel ls .  

T h e  S t .  Johns R i v e r  Water Management D i s t r i c t  est imates t h e r e  a r e  
16,000 h e a t  pumps w h i c h  use  g r o u n d  w a t e r  in B r e v a r d  C o u n t y .  Most o f  

these do n o t  r e t u r n  w a t e r  t o  t h e  a q u i f e r .  T h e  w a t e r  ejected f r o m  these 

pumps i s  s p r i n k l e d  o n  lawns o r  r u n s  i n t o  t h e  sewer.  L a r g e  n u m b e r s  o f  

g r o u n d  w a t e r  heat  pumps w i t h o u t  re in jec t ion  wel ls a r e  a cause f o r  con-  

c e r n ,  s ince h e a v y  w i t h d r a w a l  may r e s u l t  in sa l twater  i n t r u s i o n .  Local 

o rd inances  f o r  B r e v a r d  C o u n t y  

in new ins ta l la t ions .  

ISSUES AFFECTING COMMERC 

T h e  l o w - g r a d e  geothermal  

now r e q u i r e  a i r  c o n d i t i o n i n g  r e t u r n  wel ls 

A L I  Z A T l  ON P O T E N T I A L  

resources  o f  t h e  eas tern  U .  S. ,  w h i c h  a r e  

genera ted  by heat  f l o w  f rom rad ioac t ive  r o c k s  deep in t h e  c r u s t ,  a r e  n o t  

as i n t e r e s t i n g  f r o m  a commercial s t a n d p o i n t  as t h e  high g r a d e  vo lcanic  

resources  o f  t h e  w e s t e r n  U.S.  However ,  t h e  p r o x i m i t y  o f  t h e  eas tern  

resources  t o  c i t ies  makes them w o r t h  e v a l u a t i n g  as s u c h  resources  c o u l d  

b e  used f o r  space h e a t i n g .  T h e r e f o r e ,  it i s  conceivable t h a t  t h e  u s e  o f  

geothermal resources  in F lo r ida  may b e  expanded in t h e  f u t u r e .  Con-  

t i n u e d  research  i n t o  ways  t o  e f f i c i e n t l y  t a p  t h e  h o t  w a t e r  resources  

below t h e  s u r f a c e  o f  t h e  e a r t h  w i l l  has ten  t h e  d a y  when geothermal 

e n e r g y  becomes a commercial r e a l i t y .  
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I n  t h e  West where  geothermal  development has proceeded q u i c k l y ,  

p rob lems in d r i l l i n g  have  occu red .  Ho t  water  may n o t  e x i s t  in la rge  

enough  volumes f o r  t h e  i n tended  use.  T h e  d isposal  o f  spen t  h o t  geo- 

thermal  f l u i d s  also may become an impor tan t  i ssue.  Rein ject ion b a c k  i n t o  

t h e  same r e s e r v o i r  no rma l l y  i s  t h e  p r e f e r r e d  op t ion ,  but t h i s  wou ld  

inc rease costs  s ince a d isposal  well  wou ld  have  t o  b e  d r i l l e d .  

Poss ib ly  because o f  t h e  advantages  o v e r  a i r  source  heat  pumps  f o r  

coastal areas, t h e  F lo r ida  m a r k e t  f o r  water  source  heat  pumps ( w h i c h  

i nc ludes  g r o u n d  wa te r  as well  as o t h e r  water  source  pumps)  rep resen ts  

13 p e r c e n t  o f  t h e  U . S .  m a r k e t .  Sales t r e n d s  have  been r e l a t i v e l y  s teady  

o v e r  t h e  l as t  few yea rs .  T h e  p ro jec ted  sales i n  1984 a r e  expec ted  t o  b e  

g r e a t e r  t h e n  in 1983, but t h i s  may b e  re la ted  t o  i m p r o v i n g  economic 

cond i t i ons  r a t h e r  t h a n  t o  a genera l  t r e n d  o f  inc reased usage.  

A t  t h e  p r e s e n t  t ime, t h e r e  a re  few po l i cy  op t ions  w h i c h  h a v e  a 

major impact  o n  t h e  po ten t ia l  app l i ca t ions  f o r  l ow-g rade  geothermal  en -  

e r g y  in t h e  eas te rn  U . S .  However,  shou ld  t h e  economic feas ib i l i t y  

improve,  t h e  po ten t i a l  cou ld  b e  enhanced by a change in t h e  geothermal  

t a x  c r e d i t s  t o  al low use  o f  wa te r  w i t h  a tempera tu re  o f  less t h a n  122OF. 

I f  t h e  t a x  c r e d i t  were  amended t o  allow g r o u n d  wa te r  hea t  pumps t o  q u a -  

l i fy ,  a n u m b e r  o f  po l i cy  issues wou ld  become impor tan t .  Much g r e a t e r  

t a x  losses wou ld  b e  t h e  immediate economic prob lem s ince t h e  u n i t s  a r e  

a l ready  economic f o r  a number  o f  app l i ca t ions .  Env i ronmenta l  a n d  en -  

e r g y  po l i cy  p rob lems shou ld  b e  se r ious l y  cons idered be fo re  such  an  

amendment i s  contemplated.  

From a n  env i romenta l  s t a n d p o i n t  in F lo r ida ,  t h e  use  o f  d i scha rged  

wa te r  f r o m  g r o u n d  wa te r  heat  pumps  t o  wa te r  lawns a n d  run o f f  i n t o  

s to rm sewers i s  n o t  j u s t i f i e d .  S ta te  a n d  local env i ronmenta l  agencies and  

wa te r  management d i s t r i c t s  a r e  concerned abou t  t h i s  p rac t i ce .  Use o f  

t hese  u n i t s  o n  coastal b a r r i e r  i s lands  w i l l  lead t o  a q u i f e r  dep le t ion  a n d  

sa l twa te r  i n t r u s i o n .  I f  t h e  a q u i f e r  i s  a r tes ian ,  wa te r  w i l l  f l ow  t h r o u g h  

t h e  hea t  p u m p  a n d  o u t  on to  t h e  lawn o r  d ra inage  system even  when it i s  

n o t  needed f o r  a i r  cond i t i on ing .  I n  such  cases, s h u t o f f  va l ves  shou ld  

b e  i ns ta l l ed  so t h a t  wa te r  o n l y  f lows when needed.  In add i t i on ,  re in jec -  
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tion o f  water  b a c k  i n t o  t h e  a q u i f e r  s h o u l d  b e  r e q u i r e d .  Because o f  t h e  

p o t e n t i a l l y  ser ious env i ronmenta l  problems w i t h  g r o u n d  w a t e r  heat  pumps, 

t h e  government  may w i s h  t o  p r o v i d e  incent ives  f o r  t h e  ins ta l la t ion  o f  

c losed loop w a t e r  source  heat  pumps.  

A research  t o p i c  t h a t  may need i n v e s t i g a t i o n  i s  t h e  e f f i c i e n c y  o f  

g r o u n d  water  heat  pumps in s o u t h e r n  F lo r ida .  F o r  a i r  c o n d i t i o n i n g  use, 

it i s  g e n e r a l l y  accepted t h a t  g r o u n d  w a t e r  heat  pumps a r e  more e f f i c i e n t  

t h a n  a i r - s o u r c e  heat  pumps where  t h e  g r o u n d  water  t e m p e r a t u r e  i s  lower  

t h a n  t h e  a i r  tempera ture .  However ,  s i tua t ions  in s o u t h e r n  F lo r ida  e x i s t  

w h e r e  t h e  g r o u n d  water  t e m p e r a t u r e  i s  n e a r  t h e  a i r  tempera ture ,  a n d  f o r  

p a r t  o f  t h e  d a y  t h e  g r o u n d  w a t e r  t e m p e r a t u r e  may b e  h i g h e r  t h a n  t h e  

a i r  tempera ture .  I t  wou ld  b e  u s e f u l  t o  research  a i r  c o n d i t i o n i n g  s t r a t e -  

g ies in s o u t h e r n  F lo r ida  w i t h  b o t h  a i r -  a n d  water -source  heat  pumps 

s i d e - b y - s i d e  t o  c o n f i r m  w h e t h e r  t h e  g r o u n d  water  heat  p u m p  i s  t h e  more 

ef f ic ient  o f  t h e  t w o  t y p e s  o f  a i r  c o n d i t i o n i n g  u n i t s .  

A second e n e r g y  p o l i c y  area w o r t h y  o f  i n v e s t i g a t i o n  i s  t h e  impact  

o n  e lec t r i c  u t i l i t y  load f a c t o r s .  I n  many areas o f  F lor ida,  n o  one knows 

how many g r o u n d  water  heat  pumps e x i s t .  I f  a s u r v e y  were  conducted ,  

it i s  poss ib le  t h a t  many more t h a n  expec ted  wou ld  turn up, especia l ly  in 

coastal areas.  A n  e f f o r t  t o  find o u t  how many e x i s t  w i l l  g r e a t l y  ass is t  

t h e  m a k i n g  o f  e n e r g y  a n d  env i ronmenta l  p o l i c y  in F lo r ida .  
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CONCLUSION 

T h e  geothermal  resources  o f  F lo r ida  a r e  poor  in most  p a r t s  o f  t h e  

state, but o f f e r  po ten t ia l  in one o r  t w o  areas.  G r o u n d  water  hea t  pumps 

a re  e f f i c i e n t  a n d  p r e s e n t l y  abundan t  wa te r  resources  e x i s t  in most  

F lo r ida  areas, but w idespread use o f  these u n i t s  cou ld  a f fec t  F lo r i da ' s  

g r o u n d w a t e r  supp l ies  if re in jec t i on  wells a r e  n o t  r e q u i r e d .  T h e  e f fec t  o f  

l a r g e  numbers  o f  wel ls  o n  an  a q u i f e r  in small geograph ic  areas has n o t  

been adequate ly  assessed. Data o n  g r o u n d  water  heat  p u m p  e n e r g y  use  

f o r  F lo r i da  c l imat ic  cond i t ions  a r e  needed as i s  in fo rmat ion  o n  t h e  number  

o f  u n i t s  c u r r e n t l y  o p e r a t i n g .  
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RENEWABLE ENERGY: 

ENERGY FROM GEOTHERMAL RESOURCES 

EXECUTIVE SUMMARY 

Geothermal resources ,  as t r a d i t i o n a l l y  de f ined,  a r e  n o t  l i k e l y  t o  make a 

major c o n t r i b u t i o n  t o  F lor ida 's  e n e r g y  s u p p l y .  Areas  of i n t e r e s t  i n c l u d e  

u t i l i z a t i o n  of  above average thermal  g r a d i e n t s  f o u n d  in t h e  F lo r i da  Pan- 

hand le  and  g r o u n d w a t e r  hea t  pump appl icat ions.  

Federal  i nves tmen t  t a x  i ncen t i ves  l i m i t  t h e  deve lopment  o f  appl icat ions 

f o r  F lo r i da ' s  l ow-g rade  geothermal g r a d i e n t s .  Regu la t ions  r e q u i r e  t h a t  

e x t r a c t e d  geothermal water  m u s t  b e  122OF o r  h o t t e r .  Most  s u b - s u r f a c e  

wa te rs  in F lo r i da  t h a t  can b e  economical ly used  f o r  h e a t i n g  o r  cool ing 

pu rposes  fa l l  below t h i s  tempera tu re .  

G r o u n d w a t e r  hea t  pumps a r e  w ide ly  used t o d a y  in F lo r i da  a n d  cou ld  . 

inc rease in impor tance in .coming yea rs .  T h i s  kind o f  hea t  pump takes  

advan tage  o f  g r o u n d w a t e r  b e i n g  cooler t h a n  ambien t  a i r  t empera tu res  in 

t h e  summer a n d  warmer in t h e  w i n t e r .  T h e  closed loop sys tem p r o b a b l y  

has  b e t t e r  po ten t i a l  f o r  F lo r i da  t h a n  o t h e r  systems because it r e q u i r e s  

less e n e r g y  t o  opera te  pumps and  poses no  t h r e a t  t o  F lo r i da ' s  g r o u n d -  

water  resources  . 
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