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INTRODUCTION 

The Geothermal Steam Act of 1970 established poli- 
cies for  the leasing-of federal lands for  the pur-  
pose of geothermal resource development. Section 5, 
Paragraph A of th i s  act  s ta tes :  

"Sec. 5. Geothermal leases shall provide 
for--- 

( a )  a royalty of n o t  less t h a n  10 per 
centum o r  more than 15 per centum of the 
amount o r  value of steam, o r  any other form 
of.heat o r  energy derived from production 
under the lease and sold o r  uti l ized by the 
lessee or reasonably susceptible to sale or 
uti l ization by the lessee;" 

The act f a i l s  t o  consider many of the important 
aspects of direct-use geothermal energy, and  there- 
fore tends t o  discourage the development of this  
resource on federal lands. Nevertheless, i t  has 
established a precedent for the pricing and leas- 
i ng of geothermal resources. 

Legislation 

The Geothermal Steam Act of 1970 was written dur-  
ing the accelerated development of The Geysers in 
California. This geothermal resource contained 
4 5 O O F  dry steam, wasvery well defined, and was de- 
veloped as an electrical  power production s i te .  

The resource was defined as a gas. Intangible 
dr i l l ing deductions and percentage depletion al- 
lowances permitted for natural gas and oil  were 
also applied t o  the development a t  The Geysers. 
More t h a n  l ikely,  as a resul t  of this  definit ion,  
the National Energy Act of 1978 provided the same 
intangible dr i l l ing deduction and percentage de- 
pletion allowances for a l l  geothermal resources. 

The Geothermal Steam Act established royalties for 
the development o f  geothermal resources on federal 
lands similar t o  the royal t i e s  established for the 
development of oil  and natural gas. Subsequently, 
these royalties were applied t o  low temperature 
direct-use geothermal energy. 

Direct-use geothermal energy i s  a renewable re- 
source. There are direct-use systems t h a t  have 
been on l ine for over 50 years with no measurable 
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change in the resource. Oregon Inst i tute  o f  Tech- 
nology has heated a l l  buildings on campus with 
direct-use geothermal energy for  over 15  years. 
During this  time, there has been no measurable change 
in temperature o r  water level of the resource, indi- 
cating t h a t  the resource does no t  deplete. 

I t  seems inappropriate t o  legislate for renewable 
resources in the same manner as we legis la te  for de- 
pletable resources. Is there pending legislation 
for royalties and  percentage depletion allowances 
on wind generators and solar collectors, o r  are we 
only tr ing t o  impede the development of geothermal 
energy? Granted, royalties impede while depletion 
allowances and dril l ing deductions encourage develop- 
ment. However, t a x  deductions tend to favor large 
corporate developers rather than  individual develop- 
ers w h o  often operate a t  losses in the early stages 
of direct-use systems. Tax incentives provide ab- 
solutely no help to municipalities or nonprofit or- 
ganizations for the development of di rect-use geo- 
thermal systems. 

Electric vs. Nonelectric 

There are considerable differences between electri-  
cal power generation and direct-use projects using 
geothermal energy. Suppose a 4 5 O O F  well was devel- 
oped on federal land delivering 50 million British 
thermal units ( M B t u )  per hour.  If the project were 
direct-use and the energy evaluated a t  a natural g a s  
price of $4.40/MBtuY the total  energy value would 
be $220/hour. A 10% royalty would be $22/hour. If 
the same resource were used t o  generate e lectr ic i ty  
a t  18% efficiency (the efficiency a t  The Geysers), 
then 50 MBtu /hour  x .18 eff .  x 293 kwh/MBtu 2,637 
kwh. The royalty a t  The Geysers i s  based on the 
value of the energy delivered a t  the bus bar.  A t  
.015/kwh which compares t o  $4.40/MBth for natural 
gas, the value a t  the bus bar would be $40/hour and 
the royalty would be $4/hour. 
a resource delivering 50 MBtu/hour, the developer 
could reduce the royalty paid on this energy from 
10% t o  1.8% by generating electr ic i ty  versus a di- 
rect-use application. Is the royalty designed t o  
encourage inefficiency? 

In other words, given 

A royalty of 10% for direct-use d i s t r i c t  heating sys- 
tems frequently amounts t o  more than  the total incre- 
mental annual cost t o  operate and maintain these sys- 
tems. 
tem estimates operating and maintenance costs of 

The Klamath Falls, Oregon d i s t r i c t  heating sys- 
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$20,000 i n  t h e  f i r s t  y e a r  exc lud ing  s a l a r i e s  ( sa la -  
r i e s  were omi t ted  s ince  p resen t  personnel  ope ra t i ng  
convent ional  hea t ing  systems w i l l  operate and main- 
t a i n  t h e  hea t ing  d i s t r i c t  a t  no a d d i t i o n a l  c o s t ) .  
I f  the  d i s t r i c t  were r e q u i r e d  t o  pay a 10% r o y a l t y ,  
t h e  r o y a l t y  a lone would be $24,710 i n  t h e  f i r s t  
year.  

The 10% f e d e r a l  r o y a l t y  i s  charged on gross sa les  
i f  t h e  developer s e l l s  energy t o  t h e  user.  
developer and t h e  user  a re  t h e  same e n t i t y ,  as i s  
t he  case o f  t h e  Klamath F a l l s  Heat ing D i s t r i c t ,  t he  
10% r o y a l t y  i s  based on the  va lue o f  t h e  cheapest 
energy a v a i l a b l e .  The b u i l d i n g s  i n  t h i s  d i s t r i c t  
use n a t u r a l  gas which was t h e  cheapest f u e l  a v a i l -  
ab le  a t  t he  t ime  o f  t h e  study, $3.50/MBtu. 
nual  c o s t  o f  hea t ing  t h e  d i s t r i c t  was $247,100. 
Consequently, t h e  r o y a l t y  would be $24,710 annual ly .  
Th i s  b r i n g s  up another p o i n t .  The annual heat  l oad  
f o r  t h e  d i s t r i c t  i s  6 x l o 4  MBtu. 
o f  n a t u r a l  gas f o r  t h i s  d i s t r i c t  i s  85%. I f  t h e  
e f f i c i e n c y  were loo%, then 6 x l o 4  x $3.50 = 
$210,00O/year. 
a d d i t i o n a l  $3,170 a yea r  r o y a l t y  s o l e l y  based on 
t h e  i n e f f i c i e n c y  o f  n a t u r a l  gas. 

If the  

The an- 

The e f f i c i e n c y  

So, t h e  c i t y  would be paying an 

Oakridge, Oregon est imates t h e  c o s t  t o  operate and 
m a i n t a i n  t h e i r  proposed hea t ing  d i s t r i c t  a t  $21,766 
i n  the  f i r s t  yea r  exc lud ing  s a l a r i e s .  I f  t h i s  c i t y  
d r i l l e d  w e l l s  on nearby f e d e r a l  land,  t h e  r o y a l t y  
would be $6,696 i n  t h e  f i r s t  yea r .  A f t e r  20 years 
o f  operat ion,  t he  c i t y  would s u f f e r  a $56,000 l o s s  
on t h e  p r o j e c t .  Wi thout  t h e  r o y a l t y ,  t h e  hea t ing  
d i s t r i c t  i s  economical ly  f e a s i b l e .  These examples 
imply  t h a t  geothermal hea t ing  d i s t r i c t s  can o n l y  
be economical ly  f e a s i b l e  i f  developed on o t h e r  than 
f e d e r a l  1 ands. 

When t h i s  coun t ry  was i n  t h e  e a r l y  stages of devel-  
opment, f ede ra l  l and  was g i v e n  away under the Home- 
s tead Act .  Why n o t  g i v e  away geothermal energy on 
federa l  lands u n t i l  such t ime  as our  n a t i o n  i s  en- 
ergy independent? A sunset c lause cou ld  be w r i t t e n  
i n t o  such l e g i s l a t i o n  r e q u i r i n g  a rev iew  every f i v e  
years.  

P r i c i n g  f o r  t h e  P r i v a t e  Sec to r  

S ta te  governments and p r i v a t e  i n d i v i d u a l s  look t o  
t h e  fede ra l  g u i d e l i n e s  t o  e s t a b l i s h  t h e i r  r o y a l t y  
payments. A p r i v a t e  landowner f o r t u n a t e  enough t o  
have a good q u a l i t y  resource on h i s  p roper t y  should 
r i g h t f u l l y  expect t h a t  resource t o  be o f  cons ider-  
ab le  va lue and should expect  reimbursement a t  some 
r a t e  f rom a developer o r  use r  who in tends  t o  use 
t h i s  energy. 

If r o y a l t i e s  must be charged, then a formula should 
be developed t h a t  would consider  exp lo ra t i on ,  de- 
velopment, d e l i v e r y ,  and annual ope ra t i on  and main- 
tenance costs .  The federa l  r o y a l t y  cons iders none 
o f  these f a c t o r s .  
bo th  t h e  owner and the  user  t o  u t i l i z e  t h e  resource 
e f f i c i e n t l y .  As w i t h  a l l  renewable resources, t he  
energy i n  a geothermal resource i s  supp l i ed  by 
Mother Nature. If t h e  amount of heat  e x t r a c t e d  
from a g iven volume of f l u i d  i s  doubled, the c o s t  
pe r  MBtu i s  n e a r l y  c u t  i n  h a l f .  The formula should 

The formula should encourage 

be responsive t o  resource temperature;  t he  h ighe r  
the  temperature,  t he  more va luab le  the  resource. 
The formula should prov ide e q u i t y  f rom resources 
o f  s i m i l a r  water  q u a l i t y .  
v i d e  f o r  cascading from one user  t o  another,  a l though 
cascading presents  o the r  problems f o r  cons ide ra t i on .  

The formula should pro-  

P r i c i n g  Formula Development 

I n  an a t tempt  t o  develop such a formula, a mathema- 
t i c a l  f u n c t i o n  was chosen t h a t  would a l l o w  bo th  the  
owner and t h e  user  t o  b e n e f i t  by i nc reas ing  the  
amount o f  hea t  ex t rac ted  from t h e  resource. Para- 
meters were then es tab l i shed  which would y i e l d  rea- 
sonable r e s u l t s  over es tab l i shed  resource temperature 
ranges. The maximum temperature f o r  d i r e c t - u s e  was 
s e t  a t  35OoF, the concept be ing t h a t  h ighe r  tempera- 
t u r e s  would probably  be used f o r  e l e c t r i c a l  power 
generat ion.  The lower temperature range was esta-  
b l i s h e d  a t  100°F. The l o g i c  here was t h a t  system 
cos ts  r i s e  r a p i d l y  as heat i s  e x t r a c t e d  a t  tempera- 
t u r e s  l ower  than 100°F. Temperatures i n  t h e  range 
o f  85°F a r e  s u i t a b l e  f o r  both space hea t ing  and 
c o o l i n g  us ing  w a t e r - t o - a i r  heat  pumps. 
c o o l i n g  cyc le ,  t he  heat pump rece ives  the  resource 
f l u i d ,  increases the  temperature o f  t h e  f l u i d ,  and 
i n j e c t s  f l u i d  t o  the  r e s e r v o i r  a t  a temperature 
h ighe r  than t h e  temperature of t he  r e s e r v o i r .  
a process would i n d i c a t e  t h a t  t h e  landowner would 
have t o  pay a r o y a l t y  t o  the  user .  

I n  t h e  

Such 

Most d i r e c t - u s e  geothermal systems u t i l i z e  heat  ex- 
changers t o  separate the  geothermal (p r imary )  f l u i d  
f rom t h e  f l u i d  i n  the  secondary system which i s  nor-  
mally c lean  o r  t r e a t e d  water.  There a r e  a few cases 
i n  which t h e  geothermal f l u i d  i t s e l f  i s  s u f f i c i e n t l y  
c lean  t o  be used throughout the  system. As resource 
water  q u a l i t y  de te r io ra tes ,  heat  exchangers a re  ab- 
s o l u t e l y  necessary t o  avo id  s c a l i n g  and c o r r o s i o n  
of t h e  secondary system. E f f i c i e n t  heat  exchangers 
have approach temperatures i n  t h e  neighborhood o f  
10°F between t h e  pr imary and secondary f l u i d s  l eav -  
i n g  a n e t  a v a i l a b l e  resource temperature of 10°F l e s s  
than t h a t  o f  t he  resource. Therefore,  t h e  formula 
evaluates n e t  a v a i l a b l e  resource temperature.  

FORMULA : 340°F - d = e-hr  
653 

WHERE: d = Discharge f l u i d  temperature i n  O F  

r = Royal ty  expressed as a decimal 

A va lue f o r  h i s  es tab l i shed  by s e t t i n g  d = 180°F 
and rs = some standard r o y a l t y  (expressed as a dec i -  
mal )  agreed upon between the  owner and t h e  user  based 
on t h e  c o s t  t o  develop and d e l i v e r  t he  resource. 
Once h has been establ ished,  i t  remains f i x e d  f o r  
t h a t  s p e c i f i c  resource. d i s  g i ven  t h e  va lue o f  
t he  a c t u a l  d ischarge temperature and r i s  ca l cu la ted .  

EXAMP LE : Assume rs = 10%; then 

340 - 180 = e-h( . l o )  
653 
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160 
653 I n  o f  - = -.10(h)  

For a resource o f  270°F and a d ischarge o f  
140°F: 

340 - 140 = e-14.064(r)  = 8.4% 
653 

The reason f o r  e s t a b l i s h i n g  t h e  d ischarge tempera- 
t u r e  a t  180°F t o  c a l c u l a t e  h a t  t h e  standard roy -  
a l t y  i s  because t y p i c a l  e x i s t i n g  space hea t ing  sys 
terns supply  temperatures a t  200°F e x t r a c t i n g  20°F 
w i t h  f l u i d  r e t u r n i n g  t o  the  hea t  source a t  180°F. 
Therefore,  whatever va lue i s  e s t a b l i s h e d  as the  
s tandard r o y a l t y ,  t h e  use r  would pay t h a t  r o y a l t y  
percentage by e x t r a c t i n g  enough heat  f rom the  r e -  
source t o  reduce t h e  d ischarge f l u i d  t o  180°F. 
t he  d ischarge f l u i d  were h ighe r  than 18OoF, the  
percentage r o y a l t y  would be h i g h e r  than 10%. 
the  d ischarge f l u i d  were lower  than 180°F, the 
r o y a l t y  would be l e s s  than 10%. 

I f  

I f  

I f  t h e  assumption i s  made t h a t  pressures a re  main- 
t a i n e d  t o  keep h i g h e r  temperature resources f rom 
f l a s h i n g ,  then t h e  energy o u t p u t  o f  a resource can 
be e a s i l y  c a l c u l a t e d  t o  a r r i v e  a t  a r o y a l t y  pay- 
ment. 

FORMULA: Btu/Hour = (Rn - d) 500 (gpm) 

WHERE: Rn = Net a v a i l a b l e  resource temperature 
( resource  temperature i n  O F  - 10°F) 

d = Discharge f l u i d  temperature i n  OF 

For a 270°F resource w i t h  a f l o w  o f  1,000 gpm and 
a d ischarge temperature o f  140°F: 

R, = 270 - 10 = 260 

d = 140 

gpm = 1,000 

Btu/hour = (260 - 140) 500 (1,000) = 
60,000,000 = 60 MBtu/hour 

A t  a p r i c e  o f  $4.50/MBtu, t he  t o t a l  energy va lue 
would be 4.5 x 60 = $270/hour, and the  r o y a l t y  
payment w i t h  a Rs  o f  10% would be .084 x $270 = 
$22.68/ hour.  

The Klamath F a l l s  Heat ing D i s t r i c t  has resource 
temperatures o f  21 0°F ( n e t  ava i  1 ab le  resource tem- 
pe ra tu re  200°F) a d ischarge temperature o f  160°F 

and a peak f l o w  o f  1,390 gpm. The annual load 
f a c t o r  f o r  t h i s  d i s t r i c t  i s  25%. This  means- that  
t h e  system would operate f o r  2,190 hours per yea r  
based on the  peak load.  I f  t h i s  resource was eva l -  
uated a t  a 10% standard r o y a l t y ,  t he  r o y a l t y  f o r  
160°F d ischarge f l u i d  would be 9.16%. The t o t a l  
annual energy d e l i v e r e d  would be: 

Btu/Hour = 40°F (500) 1,390 = 27.8 MBtu/hour. 

Then, energy va lue pe r  hour = $3.50 x 27.8 = 
$97,30/hour. T o t a l  annual energy Val ue = $97.301 
hour x 2,190 hours/year = $213,087/year and the 
r o y a l t y  = $213,087 x .0916 = $19,519. The c i t y  
c o u l d  c u t  t h i s  amount i n  h a l f  by des ign ing the 
hea t ing  d i s t r i c t  t o  e x t r a c t  80°F w i t h  a discharge 
temperature o f  120°F. 

The graph below i s  p l o t t e d  f o r  a standard r o y a l t y  
o f  10% and shows the  percent  o f  r o y a l t y  t h a t  would 
be p a i d  f o r  d ischarge temperatures ranging from 
320°F t o  80°F. 
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The graph on t h e  f o l l o w i n g  page shows the  t o t a l  roy-  
a l t y  per  hour o f  ope ra t i on  f o r  a resource o f  34OOF 
n e t  a v a i l a b l e  resource ' temperature and a f l ow  o f  
1,000 gpm when t h e  d ischarge temperatures range 
f rom 330°F t o  80°F. 
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SUMMARY 
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D I S C H A R G E  TEMPERATURE OF 

DISCHARGE MBtuI VALUE AT 
TEMPERATURE 

3 30 
320 
310 
300 
290 
280 
2 70 
260 
250 
240 
230 
220 
21 0 
200 
190 
180 
170 
160 
150 
140 
130 
120 
110 
100 
90 
80 
70 

* Standard Roya l t y  

HOUR' 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 

1000 
1050 

100 
150 
200 
250 
300 
350 

$4.50/MBtu 

$ 225.00 
450.00 
675.00 
900.00 

1125.00 
1350.00 
1575.00 
1 800.00 
2025.00 
2250.00 
2475.00 
2700.00 
2925.00 
31 50.00 
3375.00 
3600.00 
3825.00 
4050.00 
4275.00 
4500.00 
4725.00 
4950.00 
51 75.00 
5400.00 
5625.00 
5850.00 
6075.00 
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It would be f o o l i s h  t o  b e l i e v e  t h i s  formula i s  t he  
u l t i m a t e  i n  determin ing r o y a l  t y  payments. 
a b l y  i s  o n l y  the  beginning.  
p l i s h  i s  t o :  

I t  prob- 
What i t  does accom- 

1. Reward the  user ,  developer, and owner f o r  
e f f i c i e n t  use. 

2. A l l ow  f o r  t h e  f a c t  t h a t  h i g h  temperatures 
a r e  much more va luab le  then low tempera- 
t u r e s .  

3. Conta in  values t h a t  can e a s i l y  be changed 
t o  compensate f o r  low water  q u a l i t y  and/ 
o r  h i g h  development and d e l i v e r y  cos ts .  

4. Avoid t y i n g  the  c o s t  o f  geothermal t o  the  
e f f i c i e n c i e s  o f  convent ional  f u e l s .  

The t a b l e  below presents  the  values f o r  a 35OOF 
(340°F n e t  a v a i l a b l e  resource temperature) resource, 
d e l i v e r i n g  1,000 gpm w i t h  a standard r o y a l t y  o f  10% 
and c a l c u l a t e s  t h e  percentage r o y a l t y  , the  t o t a l  
energy i n  MBtu/hour, t h e  va lue o f  t h a t  energy a t  
$4.50/MBtuY and t h e  t o t a l  r o y a l t y / h o u r  p a i d  t o  the  
owner. 

PERCENT TOTAL ROYALTY 
ROYALTY 

.2972 

.2479 
,2191 
.1986 
.1827 
.1698 
.1588 
.1493 
.1409 
.1334 
,1266 
,1205 
.1148 
. l o95  
. l o46  
. 1000" 
.0957 
.0916 
.0878 
.0841 
.0807 
.0774 
,0742 
,071 2 
.0683 
.0655 
.0628 

PER HOUR 

66.8662 
111.5494 
147.8596 
178.7325 
205.5622 
229.1699 
250.0981 
268.7325 
285.361 5 
300.2088 
31 3.4532 
325.241 0 
335.6937 
344.91 43 
352.9909 
360.0000 
366.0083 
371 .0748 
375.251 8 
378.5863 
381 .1203 
382.8921 
383.9362 
384.2845 
383.9657 
383.0068 
381.4322 


