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ABSTRACT 

Geo the rma l  d e v e l o p m e n t  projects  h a v e  
e x p e r i e n c e d  c o n s i d e r a b l e  slow down d u e  t o  a 
c o m b i n a t i o n  of f a c t o r s  i n c l u d i n g  t h e  State  
of C a l i f o r n i a  c h a n g e  from a d e f i c i t  t o  a 
s u r p l u s  e l ec t r i ca l  g e n e r a t o r  a n d  t h e  l o w  
cost  o f  i m p o r t e d  o i l .  E n v i r o n m e n t a l  
fac tors  which  are  e s t i m a t e d  to  combine  t o  
c h a n g e  t h i s  s i t u a t i o n  a n d  s t i m u l a t e  f u t u r e  
g e o t h e r m a l  g r o w t h  a r e  p r e s e n t e d .  

The a s s o c i a t i o n  b e t w e e n  e n e r g y  u s e  a n d  
p r o d u c t i o n  a n d  g l o b a l  a i r  p o l l u t i o n  wh ich  
is p r o m p t i n g  loca l ,  s t a t e  a n d  f e d e r a l  
a g e n c i e s  t o  e x p l o r e  a l t e r n a t i v e s  t o  f o s s i l  
f u e l  u s e  is d e s c r i b e d .  A l l  forms of fo s s i l  
f u e l  u s e  e i t h e r  i n  s t a t i o n a r y  s o u r c e s  s u c h  
a s  e l ec t r i ca l  power p l a n t s  o r  i n  m o b i l e  u s e  
s u c h  a s  i n  t r a n s p o r t a t i o n  a r e  shown t o  be 
p r o d u c i n g  u n a c c e p t a b l e  q u a n t i t i e s  o f  a i r  
p o l l u t a n t s  . 
The d i s c u s s i o n  i n c l u d e s  i n f r a r e d  a b s o r b i n g  
g a s s e s ,  a c i d  r a i n ,  o z o n e  f o r m a t i o n ,  
h a z a r d o u s  waste g e n e r a t i o n  a n d  a i r  t o x i c s .  
A g e n c i e s '  s t r a t e g i e s  fo r  m a i n t a i n i n g  a n d  
i m p r o v i n g  a i r  q u a l i t y  i n  t h e  f u t u r e  are 
d i s c u s s e d .  An expanded  ro le  a n d  
o p p o r t u n i t y  f o r  g e o t h e r m a l  e n e r g y  u s e  
is forecast  i f  its i n h e r e n t  e n v i r o n m e n t a l  
a d v a n t a g e s  a re  u t i l i z e d .  

INTRODUCTION: THE PROBLEM - GLOBAL A I R  
POLLUTION FROM F O S S I L  FUEL B U R N I N G  

The Greenhouse  E f fec t  

The c a u s e s  a n d  p r e d i c t e d  c o n s e q u e n c e s  of 
t h e  g r e e n h o u s e  e f fec t  a r e  w e l l  s t a t e d  a n d  
i l l u s t r a t e d  by Gordon J. MacDonald, i n  t h e  
paper S c i e n t i f i c  Basis for  t h e  Greenhouse  
E f f e c t  where  h e  s ta tes :  

"Carbon d i o x i d e  a n d  a wide  v a r i e t y  of 
o t h e r  g a s e s ,  i n c l u d i n g  me thane ,  o z o n e ,  
a n d  f r e o n ,  t r a p  a p o r t i o n  of t h e  e a r t h ' s  
t h e r m a l  r a d i a t i o n  t h a t  would  o t h e r w i s e  
escape i n t o  space [see F i g u r e s  1 a n d  23. 
T h i s  r a d i a t i v e  t r a p p i n g  of e n e r g y  
p r o d u c e s  t h e  h e a t i n g  of t h e  a t m o s p h e r e  
p o p u l a r l y  l a b e l e d  t h e  g r e e n h o u s e  e f fec t  
[see F i g u r e  31 . Detailed o b s e r v a t i o n s  

from remote s t a t i o n s  show t h a t  t h e  
c a r b o n  d i o x i d e  c o n c e n t r a t i o n  of t h e  
a t m o s p h e r e  h a s  i n c r e a s e d  f rom 316 par t s  
per  m i l l i o n  b y  volume (ppmv) i n  1958 t o  
350 ppmv i n  1986. The e x p o n e n t i a l  
g r o w t h  i n  c a r b o n  d i o x i d e  l e v e l s  
parallels t h e  i n c r e a s e d  wor ldwide  u s e  of 
c a r b o n - b a s e d  f u e l s  [see F i g u r e  43. 
Methane  c o n c e n t r a t i o n s  a re  i n c r e a s i n g  a t  
a ra te  o f  o n e  t o  t w o  p e r c e n t  per y e a r ,  
lower a t m o s p h e r e  o z o n e  a t  a somewhat 
smaller r a t e ,  a n d  f r e o n  a t  a c u r r e n t  
r a te  of f i v e  p e r c e n t  a y e a r .  
C a l c u l a t i o n s  of t h e  e x p e c t e d  i n c r e a s e s  
i n  t h e  a v e r a g e  t e m p e r a t u r e  o f  t h e  
e a r t h ' s  s u r f a c e  s i n c e  1 9 0 0  l e a d  t o  a 
v a l u e  o f  a b o u t  0.5 C (0.9 F )  if t h e  
m o d e r a t i n g  e f f e c t  of t h e  e a r t h ' s  
o c e a n s  is t a k e n  i n t o  a c c o u n t .  
C a l c u l a t i o n s  are  b a s e d  o n  models t h a t  
r a n g e  i n  c o m p l e x i t y  from simple e n e r g y  
b a l a n c e  c o n s i d e r a t i o n s  t o  d e t a i l e d  
t h r e e - d i m e n s i o n a l  c a l c u l a t i o n s  t h a t  - 
s t r a i n  t h e  c a p a c i t y  of c u r r e n t  d i g i t a l  
c o m p u t e r s .  D e t a i l e d  a n a l y s i s  of t e n s  o f  
m i l l i o n s  of s u r f a c e - t e m p e r a t u r e  
o b s e r v a t i o n s  i n d i c a t e  a n  a v e r a g e  warming 
of a b o u t  0.5 C (0.9 F) s i n c e  t h e  t u r n  of 
t h e  c e n t u r y  a n d  a g r e a t e r  warming o f  2 C 
( 4  F) i n  h i g h  l a t i t u d e s .  Major climatic 
s h i f t s  c a n  be e x p e c t e d  as t h e  warming 
p r o c e e d s  a t  a n  i n c r e a s i n g  pace. The 
ra te  of a n t i c i p a t e d  warming is h i s t o r i -  
c a l l y  u n p r e c e d e n t e d "  (MacDonald, 1988). 

MacDonald a n d  o t h e r  r e s e a r c h e r s  h a v e  l a i d  
t h e  s c i e n t i f i c  a n d  p o l i c y  b a s i s  fo r  i n t e r -  
p r e t a t i o n  of t h e  e f fec ts  a s s o c i a t e d  w i t h  
i n f r a r e d  i n h i b i t i n g  a t m o s p h e r i c  p o l l u t a n t s .  

The w o r l d  wide  i n c r e a s e  i n  t h e  u s e  of 
fo s s i l  f u e l s  b y  p e r c e n t a g e  o f  c o n t r i b u t i o n  
is shown i n  F i g u r e  5 which  i l l u s t r a t e s  t h e  
dramatic i n c r e a s e d  u s e  i n  d e v e l o p i n g  
c o u n t r i e s .  Q u e s t i o n s  c o n c e r n i n g  t h e  
v a l i d i t y  of t h e  c o n s e q u e n c e  o f  t h e  measu red  
a t m o s p h e r i c  c o n c e n t r a t i o n s  of c a r b o n  
d i o x i d e  d o  n o t  d i s p u t e  t h e  l e v e l s ,  r a t h e r  
t h e  q u e s t i o n  i s r  what  w i l l  b e  t h e  r e s u l t  o f  
t h e  i n c r e a s e s .  The w o r l d  wide  t e m p e r a t u r e  
d i f f e r e n c e s  be tween  g l a c i a l  p e r i o d s  a n d  
i n t e r g l a c i a l  p e r i o d 8  a v e r a g e  a n  e s t i m a t e d  5 
C ( 9  F )  ( F l o h n ,  1 9 7 5 ) .  The e s t i m a t e d  
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Flgure 1. Historical varlatlonr in atmospherlc carbon dioxlde concontrrtlon 

Data from 1858 to tho pro8ont rro from Knllng'r obaorvationa at &una Lor, 
tla~rll.~ Ortr for tho 1740 to 1856 porlod rro Won h m  m.rauromenta of rlr 
trrppod In glrclrl IC. ahm~tr.~ 

1740 1790 1840 18W 1840 11 

Figure 3. Annual varietlon of global mean temperature from 1861 to the 
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Flgure 4. Varlrtlons In the contrlbutlon of varloui fuels to global carbon 
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r e l a t i v e  g l o b a l  i n c r e a s e s  are shown i n  
F i g u r e  6 a n d  i n d i c a t e  t h a t  t h e  g r e e n h o u s e  
g a s e s  h a v e  a l r e a d y  c o n t r i b u t e d  t o  0.5 C 
(0 .9  F )  a n d  are estimated t o  c o n t i n u e  
r i s i n g  (MacDonald, 1 9 8 8 ) .  

Acid R a i n  

The release o f  s u l f u r  compounds by  f o s s i l  
f u e l  b u r n i n g  i n  Europe  l e d  t o  o b s e r v a t i o n s  
o f  d e c r e a s e d  pH l e v e l s  i n  r a i n  i n  t h e  l a t e  
1960's ( B r o d i n e ,  1 9 7 1 ) .  The " a c i d  r a i n "  
e f f e c t  h a s  b e e n  w i d e l y  documen ted  i n  t h e  
U n i t e d  States  a n d  Canada .  S ta tes  s u c h  a s  
C a l i f o r n i a  h a v e  r e s p o n d e d  t o  t h e  r e s u l t s  of 
a c i d  d e p o s i t i o n  m o n i t o r i n g  t h r o u g h  
l e g i s l a t i v e  ac t s  s u c h  a s  t h e  K a p i l o f f  A c t  
o f  1982.  Acid d e p o s i t i o n  m o n i t o r i n g  i n  
C a l i f o r n i a  h a s  documented  wide  a c i d i c  
e f f e c t s  c a u s e d  b y  f o s s i l  f u e l  b u r n i n g  a n d  
v e h i c u l a r  e m i s s i o n s  of n i t r o g e n  o x i d e s  
(CARB, 1 9 8 8 ) .  The e f f e c t s  o f  p a r t i c u l a t e  
e m i s s i o n s  c a u s e d  b y  f o s s i l  f u e l  b u r n i n g  
b o t h  d i r e c t l y  a n d  a s  p r e c u r s o r s  a d d  
m a t e r i a l l y  t o  t h e  moun t ing  problem o f  
m a i n t a i n i n g  a c c e p t a b l e  a n d  s a f e  l e v e l s  o f  
a i r b o r n e  s u l f u r  o x i d e  p a r t i c u l a t e s .  

Ozone Format  i o n  

T h e r e  is i n c r e a s i n g  p r e s s u r e  on  r e g u l a t o r s  
t o  f i n d  ways o f  m a i n t a i n i n g  a n d  i m p r o v i n g  
a m b i e n t  a i r  q u a l i t y  e s p e c i a l l y  i n  large 
u r b a n  areas. I n c r e a s e s  i n  a i r  e m i s s i o n s  
from s t a t i o n a r y  a n d  m o b i l e  s o u r c e s  h a v e  
i n c r e a s e d  t h e  i n c i d e n c e  o f  c o n c e n t r a t i o n s  
o f  c r i te r ia  p o l l u t a n t s ,  e s p e c i a l l y  o z o n e ,  
beyond a m b i e n t  a i r  q u a l i t y  s t a n d a r d s .  
Carbon monoxide (CO) a n d  n i t r o g e n  o x i d e s  
(NOx) a re  p r e c u r s o r s  w h i c h  u n d e r  
p h o t o c h e m i c a l  processes fo rm ozone .  
P r e s e n t  s t r a t e g i e s  t o  c o n t r o l  o z o n e  
f o r m a t i o n  c o n s i s t  of improved  NOx c o n t r o l .  

Agency Response  

The most c o m p r e h e n s i v e  r e s p o n s e  t o  t h e  
i n c r e a s i n g  p rob lem o f  decreases i n  a i r  
q u a l i t y  are  found  i n  t h e  C a l i f o r n i a  C l e a n  
A i r  A c t ,  S h e r  AB2595. The A c t  m a n d a t e s  t h e  
C a l i f o r n i a  A i r  R e s o u r c e s  Board t o  d e t e r m i n e  
which  a i r  b a s i n s  are n o n a t t a i n m e n t  a n d  
which  a i r  b a s i n  p o l l u t a n t  t r a n s p o r t s  a re  
a f f e c t i n g  t h e  a t t a i n m e n t  s t a t u s  o f  o t h e r  
b a s i n s .  Areas o f  n o n a t t a i n m e n t  mus t  formu- 
l a t e  a p l a n  f o r  a c h i e v i n g  a t t a i n m e n t  by 
1991. Heavy e q u i p m e n t ,  i n d i r e c t  a n d  area 
wide s o u r c e s  are t o  be c o n s i d e r e d  i n  t h e  
a t t a i n m e n t  p l a n s .  Special c o n s i d e r a t i o n s  
are g i v e n  t o  t h e  S o u t h  Coast A i r  B a s i n  a n d  
r e d u c t i o n  of v e h i c u l a r  e m i s s i o n s .  Reduc- 
t i o n  of major s o u r c e s r  500 t o n s / y r  ( 1 1 4  
l b / h r )  is r e q u i r e d .  Review o f  P e r m i t s  t o  
O p e r a t e  a s  t h e y  need r e n e w a l  is r e q u i r e d .  

Whi le  e lec t r ica l  power is deemed t h e  
p r e f e r r e d  " c l e a n "  f u e l ,  f o s s i l  f u e l e d  power 

p l a n t s  n e a r  o r  w i t h i n  u r b a n  areas a re  a n d  
w i l l  i n c r e a s i n g l y  pay  e x t r a  costs f o r  t h e i r  
A i r  E m i s s i o n s  C o n t r o l  Sys tem8 (AECS) 
(SCAQMD, 1 9 8 8 )  

The S o u t h  Coast A i r  Q u a l i t y  Management 
District ,  which  i n c l u d e s  t h e  c i t i e s  of Los 
A n g e l e s  a n d  S a n  Diego  h a s  r e c e n t l y  p r o p o s e d  
a l i m i t  t o  NOx e m i s s i o n s  from e l ec t r i ca l  
power  g e n e r a t i n g  boi lers ,  R u l e  1135, w h i c h  
w i l l  n e c e s s i t a t e  t h e  r e t r o f i t  o f  56 p l a n t s  
a t  a n  e s t i m a t e d  cost of $1.44 b i l l i o n  
do l la rs .  The R u l e  w i l l  l i m i t  e m i s s i o n s  t o  
0.03 l b  NOx per MMBtu h e a t  i n p u t  w i t h  costs 
a v e r a g i n g  $ 4 2 , 6 0 0  per t o n  NOX a n d  a r a n g e  
o f  $ 8,000 t o  $ 640 ,000  per t o n  NOx. T h i s  
w i l l  c o n s t i t u t e  a n  estimated 70% r e d u c t i o n  
from p r e s e n t  power p l a n t  NOx e m i s s i o n s  
(SCAQMD, 1988). 

Haza rdous  Waste G e n e r a t i o n  

Dramatic a n d  e x p e n s i v e  c h a n g e s  face t h e  
N a t i o n  i n  t h e  way t h a t  h a z a r d o u s  wastes a re  
t o  be h a n d l e d  i n  t h e  f u t u r e .  A l l  h a z a r d o u s  
wastes w i l l  be r e q u i r e d  t o  be d r i e d ,  
treated a n d  s t a b i l i z e d .  Depending  upon t h e  
t y p e ,  t h e  treated waste may r e q u i r e  
s o l i d i f i c a t i o n  o r  e n c a p s u l a t i o n .  T h e s e  
materials w i l l  b e  stored i n  a r e p o s i t o r y  
w i t h  n o  l i q u i d s  a c c e p t e d .  The C a l i f o r n i a  
program is  a n  example of wha t  w i l l  a f fect  
a l l  e lectr ical  power p l a n t s  which  p r o d u c e  
h a z a r d o u s  wastes f rom t h e i r  r e q u i r e d  
e m i s s i o n s  c o n t r o l  s y s t e m s .  The C a l i f o r n i a  
L e g i s l a t u r e  p a s s e d  AB 2948  ( T a n n e r ,  1986) 

" to  i n s u r e  t h a t  s a f e ,  e f f e c t i v e ,  a n d  
e c o n o m i c a l  f a c i l i t i e s  f o r  t h e  management 
o f  h a z a r d o u s  wastes are a v a i l a b l e  when 
t h e y  are  n e e d e d ,  a n d  t h a t  t h e s e  
f a c i l i t i e s  a re  o f  a t y p e ,  a n d  o p e r a t e d  
i n  a manner ,  which  p r o t e c t s  p u b l i c  
h e a l t h  a n d  e n v i r o n m e n t .  

"The F e d e r a l  R e s o u r c e  C o n s e r v a t i o n  a n d  
R e c o v e r y  A c t  (RCRA) ( l ) ,  t h e  H a z a r d o u s  a n d  
Solid Waste Amendments (HSWA) o f  1984( 2 )  
a n d  s t a t e  s t a t u t e s  e n a c t e d  i n  C a l i f o r n i a  
i n  1985(3) a n d  1 9 8 6 ( 4 )  manda te  a n  
immediate a n d  d r a m a t i c  improvement  i n  
t h e  way n o n r a d i o a c t i v e  ( 5 )  h a z a r d o u s  waste 
is managed i n  t h e  n a t i o n  a n d  C a l i f o r n i a .  
T h e s e  s t a t u t e s  w i l l  p r o h i b i t  t h e  l a n d  
d i s p o s a l  of u n t r e a t e d  h a z a r d o u s  waste 
a f t e r  May 8, 1990. 

"To a c h i e v e  t h i s  improvement  i n  h a z a r d o u s  
waste management,  m a n u f a c t u r e r s  a n d  u s e r s  
of c o m m o d i t i e s  a n d  resources m u s t  t a k e  
m e a s u r e s  t o  min imize  h a z a r d o u s  waste pro- 
d u c t i o n .  The r e m a i n i n g  volume o f  h a z a r d -  
o u s  waste w i l l  require new t y p e s  of h a z -  
a r d o u s  waste management f a c i l i t i e s  t o  be 
e s t a b l i s h e d .  T h e s e  f a c i l i t i e s  may 
i n c l u d e  r e c y c l i n g  a n d  t r e a t m e n t  f a c i l i -  
t ies ,  r e s i d u a l  repositories f o r  t r e a t e d  
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r e s i d u e s  a n d  h a z a r d o u s  waste t r a n s f e r  a n d  
storage f a c i l i t i e s . I l  (CDHS, 1987) 

One of t h e  l e a d e r s  i n  g e o t h e r m a l  power 
d e v e l o p m e n t ,  The G e y s e r s  KGRA i n  N o r t h e r n  
C a l i f o r n i a ,  w h i l e  p r o d u c i n g  much less 
h a z a r d o u s  waste t h a n  t h e i r  f o s s i l  f u e l e d  
a l t e r n a t i v e ,  s t i l l  w i l l  a v e r a g e  i n  t h e  
f u t u r e  a n  e s t i m a t e d  7.7 t o n  of h a z a r d o u s  
waste per  MWe-yr. The m a j o r i t y  of t h e  
h a z a r d o u s  waste p r o d u c e d  a t  The G e y s e r s  is 
g e n e r a t e d  b y  c h e m i c a l  a b a t e m e n t ,  t h e  
S t re t ford  a n d  t h e  Dow RT-2 b u r n e r -  
sc r u b b e r  AECS . 
A s t u d y  of t h e  a p p l i c a t i o n  of 
n o n c o n d e n s a b l e  gas  i n j e c t i o n ,  i n c i n e r a t i o n  
a n d  f l a s h  s u p p r e s s i o n  w i t h  t h e  goal of 
r e d u c i n g  h a z a r d o u s  waste g e n e r a t i o n  is i n  
p r o g r e s s  (see Goddard ,  W.B. I C.B. Goddard 
a n d  D.W. McCla in ,  H a z a r d o u s  Waste R e d u c t i o n  
P o t e n t i a l  of Noncondensab le  Gas I n j e c t i o n ,  
I n c i n e r a t i o n ,  a n d  F l a s h  S u p p r e s s i o n  i n  
G e o t h e r m a l  Power P l a n t  A i r  E m i s s i o n s  
C o n t r o l  S y s t e m s  - A T e c h n i c a l  F e a s i b i l i t y  
S t u d y  P r o g r e s s  Report) .  The s t u d y  is d e s -  
i g n e d  t o  document  t h e  s u c c e s s  t h a t  h a s  b e e n  
d e m o n s t r a t e d  a t  t h e  C o s 0  KGRA b y  C a l i f o r n i a  
Ene rgy  Company t h a t  t h r o u g h  t h e  u s e  of 
n o n c o n d e n s a b l e  g a s  i n j e c t i o n  c o n s i d e r e d  
BACT by t h e  local  a i r  d i s t r i c t ,  t h a t  a 
g e o t h e r m a l  steam p l a n t  c a n  operate w i t h  
v e r y  l o w  e m i s s i o n s  of h y d r o g e n  s u l f i d e  
w i t h o u t  t h e  u s e  o f  h a z a r d o u s  materials. 

The S t r e t f o r d  hydrogen  s u l f i d e  a b a t e m e n t  
s y s t e m  p r o d u c e s  a b o u t  80% of t h e  p r e s e n t  
h a z a r d o u s  waste g e n e r a t i o n  i n  Lake Coun ty  
g e o t h e r m a l  power p l a n t s .  I t  h a s  b e e n  
d e m o n s t r a t e d  t h a t  t h i s  c a n  be r e d u c e d  t o  a n  
e s t i m a t e d  3.7% by improved  s u l f u r  r e c o v e r y  
a n d  c a r e f u l  S t re t ford  o p e r a t i o n .  Waste O i l  
a n d  S o l v e n t s  s u r v e y e d  a v e r a g e d  0.036 
ton/MWe-yr (LCPD, 1989). 

A i r  T o x i c s  And Haza rdous  Waste G e n e r a t i o n  

A i r  t o x i c  e m i s s i o n s ,  i n h e r e n t  w i t h  
h a z a r d o u s  waste g e n e r a t i o n ,  are  coming 
u n d e r  closer s c r u t i n y  b y  r e g u l a t o r y  
a g e n c i e s .  Foss i l  f u e l e d  e l ec t r i ca l  
power p l a n t s  p r o d u c i n g  a i r  t o x i c s  w i l l  p a y  
a d d i t i o n a l  e n v i r o n m e n t a l . p e n a l t i e s  i n  t h e  
f u t u r e .  The C a l i f o r n i a  A i r  T o x i c s  
l e g i s l a t i o n  is a n  example .  

The C a l i f o r n i a  Assembly, r e s p o n d i n g  to  t h e  
n e e d s  a n d  d e s i r e s  of t h e  p u b l i c  a n d  
i n d u s t r y ,  p a s s e d  AB 1807 t h e  T a n n e r  B i l l  i n  
1983 w h i c h  is now S e c t i o n  39650 of t h e  
C a l i f o r n i a  H e a l t h  a n d  S a f e t y  Code. The law 
r e q u i r e s  t h e  C a l i f o r n i a  A i r  R e s o u r c e s  Board  
(CARB) t o  s u b m i t  c a n d i d a t e  t o x i c  a i r  
c o n t a m i n a n t s  t o  t h e  C a l i f o r n i a  D e p a r t m e n t  
of H e a l t h  S e r v i c e s  (CDHS) f o r  t h e i r  h e a l t h  
e f f e c t s  r e v i e w .  

C a n d i d a t e  t o x i c s  c o n s i d e r e d  t o  pose s e r i o u s  
h e a l t h  e f fec ts  a re  t h e n  p a s s e d  o n  t o  a n  
I n d e p e n d e n t  S c i e n t i f i c  Review P a n e l  f o r  
f u r t h e r  r e v i e w .  CARB m u s t  t h e n  h o l d  p u b l i c  
h e a r i n g s  o n  t h e  c a n d i d a t e  t o x i c s  a s  per  
t h e i r  a d d i t i o n  t o  t h e  t o x i c  a i r  b o r n e  
s u b s t a n c e  list a n d  t h e  p r o p o s e d  
c o n c e n t r a t i o n  s t a n d a r d .  

A l t e r n a t i v e  e n e r g y  s o u r c e s  s u c h  a s  
g e o t h e r m a l  e n e r g y  c a n  s u p p l y  l l c l e a n l '  
e lec t r ica l  power w i t h o u t  t h e  p r o d u c t i o n  of 
NOx or a p p r e c i a b l e  q u a n t i t i e s  o f  me thane ,  
CO o r  c a r b o n  d i o x i d e .  The f o l l o w i n g  
s e c t i o n  compares c a r b o n  o x i d e s  e m i s s i o n  o f  
v a r i o u s  f u e l  s o u r c e s  i n c l u d i n g  g e o t h e r m a l  
e n e r g y .  

THE SOLUTION - USE OF ALTERNATIVE RENEWABLE 
ENERGY SOURCES SUCH A S  GEOTHERMAL ENERGY 

Carbon D i o x i d e  E m i s s i o n  Compar ison  - 
Geothe rma l  t o  F o s s i l  F u e l  

I t  is clear t h a t  e v e r y  major u r b a n  c e n t e r  . 
a n d  i n d u s t r i a l  complex  g l o b a l l y  is e m i t t i n g  
u n a c c e p t a b l e  q u a n t i t i e s  of climate 
m o d i f y i n g  a i r  p o l l u t a n t s  i n t o  t h e  
a t m o s p h e r e .  Strategies  which  allow h i g h  
s t a n d a r d s  of l i v i n g  w i t h o u t  f o s s i l  f u e l  
b u r n i n g  m u s t  i n c l u d e  t e c h n o l o g i e s  t h a t  
p r o d u c e  e lec t r ica l  e n e r g y  wh ich  h a v e  l i t t l e  
o r  n o  c a r b o n  d i o x i d e ,  n i t r o g e n  o r  s u l f u r  
o x i d e s ,  o r  p a r t i c u l a t e  e m i s s i o n s .  T h e s e  
t e c h n o l o g i e s  i n c l u d e  so la r  e n e r g y ,  
h y d r o e l e c t r i c  a n d  g e o t h e r m a l  e n e r g y .  

T y p i c a l  c a r b o n  d i o x i d e  e m i s s i o n s  i n  l b / h r  
per  megawatt e l ec t r i ca l  (MWe) f o r  v a r i o u s  
f u e l  s o u r c e s  a re  l i s t e d  i n  T a b l e  1. Carbon 
d i o x i d e  e m i s s i o n s  from t h e  A i r  E m i s s i o n s  
C o n t r o l  S y s t e m s  (AECS) u s e d  a t  The G e y s e r s ,  
C a l i f o r n i a  b y  g e o t h e r m a l  power  p l a n t s  
a v e r a g e  21.9 l b / h r  M W e  ( e x p r e s s e d  a s  
c a r b o n )  o r  7.7% of me thane  w h i l e  g e o t h e r m a l  
power p l a n t s  u s i n g  n o n c o n d e n s a b l e  g a s  
i n j e c t i o n  AECS h a v e  t h e  lowest e m i s s i o n  
rate of 0.327 l b / h r  M W e  ( e x p r e s s e d  a s  
c a r b o n )  o r  0.116% of me thane  o r  0.0618% of 
t h a t  of s u b b i t u m o u s  coal. C a l i f o r n i a  
Ene rgy  Company, I n c .  h a s  p i o n e e r e d  
g e o t h e r m a l  n o n c o n d e n s a b l e  i n j e c t i o n  AECS a t  
Coso. T h i s  system h a s  t h e  lowest h y d r o g e n  
s u l f i d e  e m i s s i o n s  ra te  for  a steam powered 
w e t  tower p l a n t  i n  t h e  wor ld .  

S u l f u r  O x i d e s  E m i s s i o n  Compar ison  - 
G e o t h e r m a l  t o  F o s s i l  F u e l  

S o l u t i o n  of t h e  a c i d  r a i n  problem w i l l  
i n c r e a s i n g l y  l i m i t  t h e  u s e  of power p l a n t  
t e c h n o l o g i e s  w h i c h  are n o t  capable o f  
e x t r e m e l y  l o w  s u l f u r  e m i s s i o n  ra tes .  
G e o t h e r m a l  power p l a n t s  have  lower t o t a l  
s u l f u r  e m i s s i o n s  t h a n  t h e i r  f o s s i l  f u e l  
a l t e r n a t i v e s  a s  shown i n  T a b l e  2. The 
g e o t h e r m a l  p l a n t s  u t i l i z i n g  i n j e c t i o n  i n  

31 



Goddard ,  W.B., C.B. Goddard a n d  D.W. McClain 

TABLE 1 

COMPARISON OF CARBON DIOXIDE EMISSIONS 
FROM DIRECT COMBUSTION I N  POWER PLANT OPERATIONS 

Carbon D i o x i d e  E m i s s i o n s  
Power P l a n t  per Megawatt E l e c t r i c a l  P e r c e n t a g e  of 
F u e l  S o u r c e  ( e x p r e s s e d  a s  l b  C a r b o n )  ( d )  Methane  

Methane  ( e )  
E t h a n e  ( e )  
P r o p a n e  ( e )  
B u t a n e  ( e )  

G a s o l i n e  ( e )  
Diesel O i l  ( e )  
F u e l  O i l  8 6  (e )  

1 b/ h r M W e  ( e ) % 

282  
3 24  
34 1 
351 

395 
4 1 2  
410 

B i t u m i n o u s  Coal ( e )  49 7 
S u b b i t u m i n o u s  Coal ( e )  5 2 9  

Geo t herma 1 
The G e y s e r s  ( a ,  f )  21.9 
PG&E U n i t  2 0  ( b ,  f) 21.9 
C o s 0  i n j e c t i o n  (c ,  f )  0.32'7 

100 
115 
1 2 1  
1 2 4  

140 
146 
148 

176 
188 

7.77 
7.77 
0.116 

Notes: 
( a )  Average  of The  G e y s e r s  2 4  G e o t h e r m a l  Power P l a n t s  c u r r e n t l y  

(b) PGCE U n i t  20  w i t h  a n  o u t p u t  of 113 M W e ,  AECS S t r e t f o r d :  
( c )  Average  of t h e  9 C E C I  C o s 0  u n i t s ,  8 u n d e r  c o n s t r u c t i o n  a n d  

Navy-1 o p e r a t i n g ,  w i t h  a combined  estimated o u t p u t  of 2 2 5  
M W e ,  AECS u t i l i z i n g  n o n c o n d e n s a b l e  gas  i n j e c t i o n :  

( d )  S t u d i e s  of t h e  "Greenhouse"  effects t r a d i t i o n a l l y  e x p r e s s  
c a r b o n  d i o x i d e  as pounds  of c a r b o n .  M u l t i p l e  by 44/12  t o  
a p p r o x i m a t e l y  o b t a i n  l b / h r  of c a r b o n  d i o x i d e :  

( e )  F o l l o w i n g  USEPA c o n v e r s i o n s  were u s e d  i n  t h e  c a l c u l a t i o n s :  
250  MM Btu /h  h e a t  i n p u t  is e q u a l  t o  29 M W i  h e a t  i n p u t ,  o r  
2 5  M W e  o u t p u t ,  o r  200 ,000  lb s t e a m / h  o u t p u t  

( f )  P e r f o r m a n c e  test  measuremen t s  

o p e r a t i n g  w i t h  a combined  o u t p u t  of 1 7 7 3  M W e ,  AECS i n c l u d i n g  
c h e m i c a l  , S t r e t f o r d  a n d  Dow S c r u b b e r - B u r n e r :  

S o u r c e s :  
MacDonald, 1988 
Goddard t  1988 
G o d d a r d ~  1 9 8 7  
T r u e s d a l l ,  1 9 8 7  
BLM, 1988 

GODDARD & GODDARD ENGINEERING, 1988 
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TABLE 2 

COMPARISON OF CONTROLLED POWER PLANT SULFUR EMISSIONS 

OF FOSSIL FUEL FIRED AND GEOTHERMAL POWER PLANTS 

Powe r P l a n t  

Hydrogen S u l f i d e  S u l f u r  
E m i s s i o n s  per O x i d e s  per 

Megawatt Megawatt 

l b / h r  M W e  l b / h r  M W e  

The G e y s e r s  Average ( a ,  h )  0.242 0.455 ( 9 )  

PGdE U n i t  20 ( b ,  h )  0.0920 0.173 ( 9 )  

C E C I  Cos0 i n j e c t i o n  (c ,  h )  0.0662 0.124 ( 9 )  

Coal ( d ,  f )  120'0 

O i l  ( e ,  f )  10.6 

Notes: 
( a )  Average of The  G e y s e r s  24 Geothe rma l  Power P l a n t s  c u r r e n t l y  . 

opera t ing  w i t h  a combined  o u t p u t  of 1773 M W e ,  AECS i n c l u d i n g  
c h e m i c a l ,  S t r e t f o r d  and Dow S c r u b b e r - B u r n e r ;  

( b )  PGhE U n i t  20 w i t h  a n  o u t p u t  of 113 M W e ,  AECS S t r e t f o r d ;  
( c )  Average  of t h e  9 CECI Coso u n i t s ,  8 u n d e r  c o n s t r u c t i o n  a n d  Navy-1 

opera t ing ,  w i t h  a combined e s t i m a t e d  o u t p u t  of 225 M W e ,  AECS 
u t i l i z i n g  n o n c o n d e n s a b l e  gas  i n j e c t i o n ;  

( d )  T e n n e s s e e  V a l l e y  a u t h o r i t y  12/13/86 USEPA IKY-0007Bt 200 MMBtu/hr 
b o i l e r  (20 M W e  e q u i v a l e n t )  : 

( e )  G e o r g i a - P a c i f i c  Corp. USEPA #OH-0094, 118 MMBtu/hr b o i l e r  (30.9 
M W e  e q u i v a l e n t )  ; 

( f )  F o l l o w i n g  USEPA c o n v e r s i o n s  were u s e d  i n  t h e  ca lcu la t ions :  
250 MM Btu /h  h e a t  i n p u t  is  equal t o  29 M W i  h e a t  i n p u t ,  o r  
25 M W e  o u t p u t ,  o r  200,000 l b  s t eam/h  o u t p u t ;  

( 9 )  SOX a s  SO2 a f t e r  18 t o  30 h o u r s  (Weres, 1977). 
( h )  P e r f o r m a n c e  t es t  measurements  

S o u r c e :  
T r u e s d a l l ,  A.H.,  e t  al, 1987 
Goddard , 1988 
USEPA 1987 BACT/LAER 

GODDARD & GODDARD ENGINEERING, 1988 

NOTES ON HAZARDOUS WASTE LEGISLATION 

(1) P u b l i c  Law 94-580 
(2) P u b l i c  Law 98-616 
(3)  S e n a t e  B i l l  509, Carpenter/Assembly 

(4) Senate B i l l  1500, R o b e r t i / A s s e m b l y  

(5) 

B i l l  1809, S h e r  

B i l l  2948, T a n n e r  
R a d i o a c t i v e  wastes are  r e g u l a t e d  b y  
t h e  F e d e r a l  Government. 
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t h e i r  AECS h a v e  s u l f u r  o x i d e s  e m i s s i o n  
rates 1.03% t h a t  of coal o r  1.17% t h a t  of 
o i l  . The g e o t h e r m a l  p l a n t s  u s i n g  i n j e c t i o n  
a c h i e v e  t h i s  d i s t i n c t i o n  w i t h o u t  t h e  u s e  of 
h a z a r d o u s  materials i n  t h e i r  AECS. 

P a r t i c u l a t e  E m i s s i o n s  Compar i son  - 
Geothe rma l  To F o s s i l  F u e l  

Compar ison  of t h e  p a r t i c u l a t e  e m i s s i o n  
rates of g e o t h e r m a l  p l a n t s  t o  f o s s i l  f u e l  
f i r e d  p l a n t s  is hampered  s i n c e  g e o t h e r m a l  
p l a n t s  h a v e  n o  e q u i v a l e n t  of " s t a c k l a  emiss- 
i o n s .  A l l  power p l a n t s  u s i n g  w e t  c o o l i n g  
towers h a v e  p a r t i c u l a t e  e m i s s i o n s  which  a r e  
s i g n i f i c a n t  when t h e i r  make-up water is 
h i g h  i n  T o t a l  D i s s o l v e d  Sol ids  (TDS). 

Geo the rma l  power p l a n t s  u s e  c o n d e n s e d  steam 
( s i n g l e  d i s t i l l e d  water) w h i c h  is v e r y  low 
i n  TDS fur c o o l i n g  tower make-up water. 
T h i s  r e s u l t s  i n  v e r y  l o w  p a r t i c u l a t e  
e m i s s i o n s  rates from t h e i r  w e t  c o o l i n g  
towers. Rates of p a r t i c u l a t e  d r i f t  from 
c o o l i n g  towers a t  Coso are  e s t i m a t e d  a t  
<0.001 l b / h r  M W e .  T y p i c a l l y ,  c o n t r o l l e d  
coal, o i l  a n d  b i o m a s s  s t a c k  e m i s s i o n  rates 
are i n  t h e  o r d e r  of 1 l b / h r  M W e .  

CONCLUDING REMARKS 

The Geo the rma l  i n d u s t r y  h a s  a n  unpreceden-  
t e d  o p p o r t u n i t y  t o  make u s e  o f  i t r s  
e n v i r o n m e n t a l l y  " c l e a n "  e lec t r ica l  
e n e r g y  p r o d u c t i o n .  The g e o t h e r m a l  i n d u s t r y  
mus t  e x p l a i n  t h e i r  " c l e a n "  e l e c t r i c i t y  t o  
r e g u l a t i n g  a g e n c i e s ,  u r b a n  p l a n n e r s  a n d  
o t h e r s  who are  a t t e m p t i n g  t o  manage a i r  
r e s o u r c e s  so t h a t  manda ted  improvemen t s  i n  
a i r  q u a l i t y  w i l l  o c c u r  i n  t h e  f u t u r e .  

The a u t h o r s  are  c o n v i n c e d  t h a t  a p r e f e r r e d  
p o s i t i o n  b a s e d  o n  t h e  e n v i r o n m e n t a l  fac tors  
c a n  b e  o b t a i n e d  b y  t h e  g e o t h e r m a l  i n d u s t r y  
i f  i t  w i l l  work t o w a r d  m a i n t a i n i n g  i t ' s  
s u p e r i o r  e n v i r o n m e n t a l  record a n d  project  
t h i s  i n f o r m a t i o n  t o  t h e  appropriate 
a g e n c i e s .  
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