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ABSTRACT 

This  s tudy examines t h e  mer i ts  o f  investment i n  
. geothermal e f f i c i e n c y  improvements i n  t h e  PG&E 

system. The study compares the costs, composed 
o f  t h e  equipment investment cost  and t h e  i n -  
creased payment t o  steam suppl iers ,  w i t h  t h e  
benef i t s ,  composed p r i m a r i l y  o f  d isp lac ing  
e x i s t i n g  o i l - f i r e d  generation and cost  savings 
due t o  geothermal f u e l  r e p r i c i n g .  Two a l te rna-  
t i v e  o i l  cos t  r e a l  esca la t ion  r a t e s  were exam- 
ined: 4.7 percent through 1987 and 3.0 percent 
thereaf ter ,  and a zero esca la t ion  r a t e  throughout. 

The ana lys is  found f o r  the  higher o i l  p r i c e  
esca la t ion  case t h a t  t h e  present value o f  f u t u r e  
savings was about $17,00O/kW o f  improved e f f i -  
c iency a t  a cos t  o f  $6,00O/kW. Under t h e  lower 
o i l  p r i c e  esca la t ion  case, the present value of 
f u t u r e  savings was l e s s  than the investment. 
Whether o r  n o t  improving t h e  e f f i c i e n c y  o f  geo- 
thermal u n i t s  i s  a p r o f i t a b l e  investment i s  
almost t o t a l l y  determined by f u t u r e  o i l  pr ices,  
given t h e  resource p l a n  used i n  t h e  analysis. 

BACKGROUND 

The e f f i c i e n c y  o f  PG&E's geothermal u n i t s  has 
t y p i c a l l y  been on t h e  order  o f  22,000 Btu/kWh 
e l e c t r i c i t y .  
p l a n t  which has a heat r a t e  o f  about 19,000 
Btu/kWh. 
PG&E's u n i t s .  

SMUD has proposed t o  cons t ruc t  a 

This  i s  14 percent more e f f i c i e n t  than 

Thi  s devel opment r a i  ses two p r i n c i p a l  questions : 

1. I s  t h e  major mot iva t ion  f o r  SMUD's more 
e f f i c i e n t  design due t o  the d i f f e r e n t  steam 
p r i c i n g  methods used by SMUD and PG&E? PG&E's 
steam p r i c i n g  formula i s  based on a steam 
energy charge per  kWh of e l e c t r i c i t y  produced. 
The steam p r i c i n g  formula depends on t h e  
r e l a t i v e  e l e c t r i c i t y  product ion from f o s s i l  
and nuc lear  sources. The formula i s  presented 
i n  Appendix A. I n  comparison, SMUD's geo- 
thermal steam cos t  i s  determined on the  bas is  
o f  steam energy suppl ied t o  t h e  p lan t .  

2. I s  i t  poss ib le  t h a t  a geothermal steam e f f i -  
c iency improvement i n  t h e  PG&E system would 
y i e l d  savings v i a  displacement o f  more 

expensive f u e l  o i l ,  na tura l  gas, and o ther  
e f f e c t s ?  Are they s u f f i c i e n t  t o  warrant 
i n v e s t i n g  i n  steam e f f i c iency  improvement? 

A CEC-sponsored study by Professor David Ga l lo  
(Ref. 1)  showed t h a t  such investments are 
substant i  a1 l y  cos t -e f fec t i ve .  Gal  l o ' s  i n i  t i a1 
f i n d i n g s  have prompted t h i s  more in-depth analys is .  
This r e l i e s  on computer s imulat ion o f  PG&E's 
system t o  determine t h e  spec i f i c  e f f e c t s  o f  
improved geothermal power p l a n t  e f f i c iency .  

INTRODUCTION 

The main economic quest ion i s  whether the  
necessary investment t o  increase geothermal 
e f f i c i e n c y  o f  p l a n t s  coming on l i n e  i n  the  PG&E 
system between 1986 and 1992 would y i e l d  s u f f i -  
c i e n t  savings t o  cover t h e  investment costs  a t  
a reasonable r a t e  of re tu rn .  We w i l l  answer t h i s  
quest ion by c a p i t a l i z i n g  the  f u t u r e  savings, t h a t  
i s ,  expressing them i n  terms o f  t h e i r  present 
value as o f  t h e  year 1992, and comparing them 
w i t h  t h e  estimated investment necessary, again 
expressing i t  i n  terms o f  t h e  same year, 1992, 
f o r  consistency. 
exceeds t h e  investment, t h e  investment may be 
considered economical ly sound. 

I f  t h e  value o f  t h e  saving 

The increment i n  geothermal power p l a n t  e f f i c i e n c y  
has two cos t - re la ted  impacts: 

o The e f f i c i e n c y  improvements produce about 
20 percent more e l e c t r i c  energy from t h e  same 
amount o f  geothermal steam. The increased 
supply o f  geothermal-derived e l e c t r i c i t y  may 
be presumed t o  decrease t h e  use o f  more expen- 
s i v e  types o f  power p lants ,  t y p i c a l l y  o i l - f i r e d  
u n i t s .  However, under t h e  e x i s t i n g  steam 
contracts ,  t h e  e l e c t r i c i t y  producer w i  11 have 
t o  pay about 20 percent more t o  t h e  steam 
suppl i er, "a1 1 o ther  th ings  being equal. I' 

o A l l  o ther  th ings,  though, are no t  equal. The 
increased geothermal-based e l e c t r i c i t y  due t o  
t h e  e f f i c i e n c y  improvement w i l l  p r i m a r i l y  
rep1 ace some of the  o i  1 -based generation, 
thereby changing t h e  source o f  generation and, 
i n  turn,  changing t h e  cost  o f  geothermal steam 
per  kWh generated. Under t h e  steam cost  
formula, i f  f o s s i l  generation decreases r e l a t i v e  
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t o  nuclear, steam costs  per  kWh w i l l  decrease due 
t o  t h e  cheaper nuc lear  f u e l  i f  t h e  e x i s t i n g  
p r i c i n g  formula i s  continued. 

and 3.0 t h e r e a f t e r  ( t h e  Baseline case), and 
( b )  zero r e a l  esca la t ion  ra te .  

BASELINE CASE 
RESULTS OF THE SYSTEM SIMULATION 

The system s imulat ion produced cost  est imates o f  
running the  PG&E generation system, f o r  selected 
years (1992, 1994, 1998, and 2002) under two 
scenarios. 

1. PG&E system basel ine case. This case i s  based 
on 1980 PG&E supply p lan  f i l i n g  w i t h  CEC as 
modi f ied t o  be consis tent  w i t h  the  CEC demand 
forecast. 

2. Base case 1 w i t h  20 percent increase o f  e f f i -  
c iency i n  geothermal p l a n t s  coming on l i n e  
between 1986 and 1992 w i t h  geothermal steam 
r e p r i c i n g  due t o  the  20 percent e f f i c i e n c y  
increment and the  subsequent change i n  t h e  
f u e l  mix. 

Table 1 shows t h a t  the  t o t a l  savings due t o  f u e l  
displacement and steam r e p r i c i n g  are as fo l lows 
f o r  t h e  years 1992, 1994, 1998, and 2002 ( $  m i l -  
l i o n ) :  98, 123, 173 and 263, respect ive ly .  
(Computer runs were terminated i n  2002 because 
u t i l i t y  resource plans are no t  a v a i l a b l e  beyond 
t h a t  date.) Table 1 a l s o  reveals  tha t ,  as 
expected, due t o  t h e  r e l a t i v e l y  h igh f u e l  costs  
o f  o i l - f u e l  generation, the  primary d isp laced 
energy i s o i  1 -based generat i  on. 

Table 1 
Difference: Base Case Versus 

Increased E f f i c i e n c y  Case 

Cost, (10f  $ 

1992 1994 1998 2002 - 
Resid. o i l  and 
Cogen. gas -150 -163 -222 -338 

Coal -- -3 -9 -8 

+5 2 +43 +58 +83 - - - -  Geothermal 

To ta l  System -98 -123 -173 -263 

NOTE: Tota ls  do not  add up because on ly  t h e  
supply sources which are most ly  a f fec ted  
by geothermal steam e f f i c i e n c y  are recorded 
i n  t h i s  tab le.  For t h i s  reason, nuclear and 
other  supply sources are no t  presented i n  
t h i s  tab le.  

These saving estimates can form the  bas is  f o r  
p r o j e c t i n g  f u t u r e  savings f o r  the  in te rven ing  
years and the  years a f t e r  2002 up t o  2021. 

OVERALL ECONOMIC ASSESSMENT 

This sect ion w i l l  discuss the  cost  e f fect iveness 
f o r  two a l t e r n a t i v e  cases r e l a t i n g  t o  o i l  costs: 
( a )  r e a l  esca la t ion  o f  4.7% a year through 1987 

Table 2 der ives the estimated y e a r l y  sav ing due 
t o  steam r e p r i c i n g  alone, f o r  the years 1992, 
1994, and 1998, and 2002. Table 3 der ives  t h e  
adjusted t o t a l  savings f o r  these years. About 
5/6 o f  these savings are a t t r i b u t e d  t o  f u e l  d i s -  
placement and 1/6 t o  steam repr ic ing .  

We can now use the  estimates on l i n e s  1 and 2 o f  
Table 3 t o  p r o j e c t  y e a r l y  savings f o r  t h e  per iod  
1992-2021, t h e  assumed l i f e  of t h e  geothermal 
f a c i l i t i e s .  
from 1992 t o  1998 i s  about 10 percent a year  f o r  
both saving components ( f u e l  displacement and 
steam r e p r i c i n g ) .  Assuming t h a t  t h i s  10 percent 
r a t e  w i l l  continue and t h a t  the  d iscount  r a t e  w i l l  
be about 12 percent f o r  t h e  1992-2021 per iod,  a 
present  f a c t o r  o f  22.4 may be ca lcu lated.  Thus, 
t h e  present value o f  the  f u e l  displacement saving 
f o r  30 years i s  82 (1992 saving) x 22.4=$1,837 
m i l l i o n  f o r  132 MW (capac i ty  increment r e s u l t i n g  
f rom 20 percent geothermal e f f i c i e n c y  increase)  
and t h e  present value o f  t h e  steam r e p r i c i n g  
saving i s  16 (1992 saving) x 22.4 = $358 m i l l i o n  
f o r  121 MW (132 MW, l e s s  11 MW which are  n o t  
sub jec t  t o  t h e  steam p r i c i n g  formula). The cor-  
responding 1992 present value o f  the  sav ing per 
k i l o w a t t  of geothermal e f f i c i e n c y  improvement i s  
$13,900 due t o  f u e l  displacement and $3,000 due 
t o  steam repr ic ing ,  a t o t a l  o f  $16,900 p e r  k i l o -  
wat t  increment. 

The r a t e  o f  increase i n  t h e  saving 

We may consider t h e  10 percent increase i n  f u t u r e  
savings as t h e  upper bound o f  f u t u r e  savings due 
t o  t h e  reasonable expectat ion t h a t  as o i l  i s  
p rogress ive ly  phased out  from PG&E system, r e l a -  
t i v e l y  l e s s  c o s t l y  generation types w i l l  be d i s -  
placed by t h e  geothermal generati  on increment. 
As a r e s u l t ,  the  value o f  the  savings a f t e r  1998 
i s  expected t o  diminish. 

1992 
1994 
1998 
2002 

Table 2 
Saving due t o  Steam Repr ic ing 

To ia l  kwb Mill./kWh 10 $ 10 
0 
14,454 
14,432 
14,457 
14,560 

(2) 
1.120 
1.553 
1.960 
3.205 

(3) 
16 
23 
29 
47 

Source: Columns (1 )  and ( 2 )  are der ived  from 
Ref. No. 2 and support ing computer 
p r in tou ts .  

Column 2 i s  the  cost  per kWh geothermal 
generation before the  e f f i c i e n c y  improve- 
ments less  such cost  a f t e r  t h e  e f f i c i e n c y  
improvements. 
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Table 3 
Saving due t o  Fuel Displacement 

and Steam Repricing 
CEC Baseline O i l  P r ice  Escalat ion 

( m i l l i o n  $ )  

1992 1994 1998 2002 - 
1. Saving due t o  fue l  82 100 144 216 

displacement 
( l i n e  3 l e s s  l i n e  2) 

2. Saving due t o  steam 16 23 29 47 
r e p r i c i n g  (Table 2)  

3.  Tota l  saving 98 123 173 263 
(Table 1 )  

The estimated saving o f  $16,900 per k i l o w a t t  
compares favorab ly  w i t h  the estimated cost  o f  
$5,000-$7,000 per k i  1 owatt capaci ty  increase. 
The range o f  $5,000-$7,000 was der ived from a 
CEC s t a f f  est imate o f  $2,70O/kW i n  1986, and 
engineering consultants'  (Ref. 5) est imate o f  
about $3,80O/kW i n  1986, both escalated a t  10 
percent a year t o  1992. 

ZERO REAL OIL ESCALATION CASE 

Table 4 presents t h i s  case. The main purpose o f  
t h i s  t a b l e  i s  t o  modi fy  the  savings due t o  f u e l  
displacement under t h e  basel ine case (Table 3, 
l i n e  1) as a r e s u l t  o f  the  a l t e r n a t i v e  assumption 
o f  a zero r e a l  esca la t ion  r a t e  i n  o i l  p r i ce .  The 
modi f ied savings due t o  f u e l  displacement are 
der ived i n  l i n e s  1 th rough 5 i n  Table 4. The 
present value i s  based on a 6.8 percent y e a r l y  
increase i n  t h e  value o f  savings 1992-1998 and 
a 12 percent d iscount  ra te .  
present value f a c t o r  o f  15.6 and 1992 savings o f  
$390 m i l l i o n  f o r  132 MW capaci ty  increment due t o  
e f f i c i e n c y  improvements, o r  $3,00O/kW. The t o t a l  
saving i s  $3,600 per  k i l o w a t t ,  assuming t h e  same 
r a t i o  o f  r e p r i c i n g  t o  f u e l  displacement savings 
obtained i n  t h e  basel ine case. This i s  l e s s  than 
the  requ i red  investment per k i l o w a t t  e f f i c i e n c y  
improvement. 

These produce a 

Table S 

O i l  Pr ice:  Zerc RPI? Esc3liition 
Savings Due t o  Fuel O i s p i x e F s n t  and S t e m  Ropricing 

i c t a l  savings i n  
o i l /gas  costs, CEC 
baseline escd1at:on 
ra tes ,  m i l l i o n  5' 

X reduction i n  
o i l /gas  cost, 

=rO reai 
assulcing 
escalat ion 

Reduction i n  o i l /gas  
costs saving ( l i n e  
1 x l i n e  2 ) ,  m i l l i o n  S 

1392 1995 1995 

1% 163 222 

- -- --- 

36 41 48 

57 67 107 

2002 

338 

- 

53 

179 

4. Savings due t o  fue l  82 100 144 216 
displacement, CEC 
base1 ine escalat ion 
case (Tab1 e 3 ) .  
m i l l i o n  5 

5. Savings due to fue l  25 33 37 37 
displacement. zero 
o i  1 /gas escal a t  ion, 
m i l l i o n  5 ( l i n e  4 
less l i n e  3 )  

Footnotes : 

1. From Table 1. 

2. The estimates on l i n e  1 2 )  z,re = 1 less the  r z t i o  
o f  o i l  cost under zc,ra re3?  escalat ion r a t e  versus 
baseline escalat ion r5te;. 
.59, .52 and .47, ressect ive ly  f o r  the four mile-  
stone years. 

The r a t i o s  a re  .62, 

CONCLUSIONS 

1. CEC basel ine o i l / g a s  cos t  escalat ion assump- 
t i o n s  i n d i c a t e  t h a t  the  investment i s  sub- 
s t a n t i a l l y  c o s t - e f f e c t i v e  ($5,000-$7,000 per  
k i l o w a t t  versus $16,900 saving per  k i l o w a t t ) .  
On t h e  other  hand, t h e  assumption o f  a zero 
r e a l  c o s t  esca la t ion  f o r  o i l / g a s  y i e l d s  dismal 
r e s u l t s  (again, $5,000-$7,000 investment per 
k i l o w a t t  versus $3,600 saving). 

2. The investment necessary f o r  t h e  e f f i c i e n c y  
improvement i s  subs tan t ia l  ($660-$920 m i l l i o n  
i n  1992 do l la rs ,  o r  $240-$340 m i l l i o n  i n  1982 
d o l l a r s ) .  The p o t e n t i a l  f o r  saving, i f  t h e  
more favorabl  e assumptions prevai  1 , are a1 so 
subs tan t ia l .  We, therefore, recommend t h a t  
t h e  mer i ts  o f  t h i s  p o t e n t i a l  investment be 
assessed on t h e  bas is  o f  the  reasonableness 
o f  t h e  assumptions and, i n  p a r t i c u l a r ,  t h e  
reasonableness o f  t h e  assumed o i  1 esca la t ion  
rates.  It i s  a l s o  recommended t h a t  t h e  i n -  
vestment m e r i t s  be reassessed as new geothermal 
p l a n t s  are b u i l t ,  i n  l i g h t  o f  the  most l i k e l y  
assumptions a t  t h a t  time. 
ment should be based on comparison o f  a l l  
e l e c t r i c i t y  generat i  on and nongenerati on 
techno1 ogi  es. 

Last ly ,  t h e  assess- 
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Appendix A 

Geothermal Steam P r i c i n g  Formula 

CEC s imulat ions f o r  PG&E system, as i s  documented i n  Reference No. 2, u t i l i z e d  a product ion cos t  model 
(POWRSYM) and a geothermal steam p r i c i n g  model (STEAMRAT). The l a t t e r  i s  t h e  sub jec t  o f  t h i s  Appendix. 

6 The program ca lcu la tes  t h e  geothermal steam cos t  ( i n  mil l /kWh and 6/10 Btu)  based on t h e  costs, heat 
ra tes,  and generated energy f o r  the previous year by f o s s i l - f u e l  and nuc lear  generat ing s tat ions.  

The formula f o r  c a l c u l a t i n g  the  steam cos t  f o r  t h e  year  Y i s :  

2.11 x FOS Costy x Heat Rate,, x FOSENy + [NuCENy x NuCOSTy] 

O i l  CostB Heat RateB 

Where: 

2.11 

FOS Costy 

O i l  CostB 

Heat Ratey 

Heat RateB 

FOSENy 

NuCENy 

NuCOSTy 

FOSENy + NuCENy 

: A constant, m i l l s  per kWh; 

: Average f u e l  cost  of f o s s i l - f i r e d  generation ($/IO6 Btu) a t  t h e  end o f  t h e  prev ious 
year Y; 

: Average f u e l  cost  o f  f o s s i l - f i r e d  generation ($/IO6 Btu) a t  t h e  end o f  t h e  base year 
(1968) ; 

: Lowest operat ing heat r a t e  (Btu/kWh) o f  f o s s i l - f i r e d  u n i t s  a t  t h e  end of the  prev ious 
year Y; 

: Lowest operat ing heat r a t e  (Btu/kWh) o f  o i l - f i r e d  u n i t s  a t  t h e  end of t h e  base year 
(1968). 

: Energy (GWh) generated by f o s s i l - f i r e d  systems dur ing  t h e  prev ious year Y. 

. 
: 

Energy (GWh) generated by nuc lear  systems dur ing  t h e  previous year Y. 

Average cos t  (mills/kWh) o f  nuc lear  f u e l  a t  t h e  end of t h e  prev ious year. 

NOTE: The ana lys is  repor ted  here r e f l e c t s  s o l e l y  t h e  conclusions of the authors. 
represent  the  views o f  the C a l i f o r n i a  Energy Commission, o ther  Commission employees o r  the  State 
o f  Ca l i fo rn ia .  

I t  does n o t  necessar i l y  
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