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DATE: April 11, 2003

TO: Paul Knueven, Manager
Records and Information Management Team
Center for [xcellence
Minerals Revenue Management
Minerals Management Service
PO Box 25165, MS 32082
Denver, CO 80225-0165

FROM: Gordon G. Culver
7820 Reeder Road
Klamath Falls, OR 97603-2615

SUBJECT:  Federal Register/Vol. 68, No. 51/Monday, March 17, 2003/Proposed Rules Mineral
Management Service 30 CFR 206

It is well known that there are many, many geothermal direct-use applications in the U.S. utilizing
geothermal fluids ranging from 240°F down to 120°F-excluding pools and spas which are even
lower. It is also well known that there are many geothermal resources on public lands in this same
temperature range. Yet, there were only three applications on public lands-two gold mine heap
leaching operations, which have shut down reportedly because of low gold prices and high royalty
costs, and one greenhouse heating that is currently in operation.

Apparently, there are people ready, willing and able to develop direct-use resources, and there are
resources on public lands not being used. Something is wrong.

Perhaps a change in philosophy is indicated. MMS’s primary role is to manage public resources to
oblain maximum benefit to the public. In the case of the gold mines, is it better to lower the
geothermal royalty; thereby, allowing owners to recover more gold and pay more royalties on the
gold-or to let recoverable gold stay in the heaps lost forever or at least until gold becomes more
valuable and increased recovery is economical? In the case of the greenhouse operation, 1s 1t really
better to continue to try to measure Btus as accurately as kWh or accept something slightly less exact
and be rid of the stigma potential developers perceive preventing future developments. If instead
of a greenhouse, that resource supplied a district heating system and the operators installed more
economical and less accurate Btu meters at customer locations for billing. Would MMS accept gross
revenue based on those meters to determine rayalty payments?

If all else fails, using gross revenue would put direct-use on somewhat equal level with power
generation. While there are no meters for say long stemmed roses, there is one common point—gross
revenue for income tax. IfIRS accepts both, would MMS? Things like power generation capacity
factor are somewhat built in. The rose grower maintains extra greenhouse space, rose plants and
facilities to provide customers with roses at high demand times such as Valentine’s Day. He doesn’t
get a capacity payment, but adds a little to the price of roses.



The problem with gross proceeds is that it doesn’t allow for resource temperature difference. It is
less costly to get a Btu out of 450°F then 1t is out of 140°F-but the cost of conventional fuel to put
the Btu back in is nearly the same at both temperature.

In the case of power plants, it is easier to get a kWh out of a steam Geyser resources than a hot water
Steamboat Springs resource. How do they compete? The binary plant at Steamboat simply pumps
more Btus out of the ground-almost twice as many to generate the same number of kWh. Since the
(Geysers set a precedent of being paid on kWh and paying royalties (fuel costs) based on kWh, the
binary operator negotiates a similar contract. The amount of heat extracted (fuel costs avoided)
doesn’t matter.

Direct-heat operators don’t have that luxury. Consider two greenhouses requiring the same amount
of heat, one with a 200°F resource and the other with 140°F. The operator with the higher
temperature resources can use off-the-shelf heating equipment, the same as a conventionally-fueled
system. The lower temperature operator must use equipment costing at least twice as much and
pump ncarly three times as much water requiring bigger pumps, piping and probably, a bigger
well-maybe even another well and pump. Both pay the same royalty and grow the same number of
Toses.

Although a number of schemes relating to this problem have been discussed, the only one published
[ could find was in Geothermal Resources Council Trangactions, Vol. 4-Sept. 1980. Although some
numbers might need to be revised based on current conditions, the concept seems good. A copy is
enclosed.

Unfortunately, it too requires metering.

One of the goals listed 1 the Federal Register was to derive a value of the resource that reflects 1ts
market value. That value is site specific, at least for direct-use. Since it can’t be transported long
distances, it must be used on-site. A "cleaner” resources 15 less costly to use; therefore, it has a
higher value than a "dirty” resource. Temperature has been discussed above. There are many factors
affecting market value.

For mnstance, a 160°F resource on the NW edge of the town of Mammoth, CA (which I believe is
public land) would have good value for use in a district heating system. A 200°F resource 25 miles
away might be much less.

I could participate in public workshops depending on time and location-Reno, NV would be
preferable.



Geothermal Resources Cowncil, TRANSACTIONS Vol. 4, September 1980

PRICING DIRECT-USE GEOTHERMAL ENERGY

Charles V. Higbee

Geo-Heat Utilization Center, Oregon Institute of Technology

¥Klamath Falls, Oregon

INTRODUCTION

The Geothermal Steam Act of 1970 established poli-
cies for the Teasing of federal lands for the pur-
pose of geothermal vesource development. Section b,
Paragraph A of this act states:

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

(a) a royalty of not less than 10 per
centum or more than 15 per centum of the
amount or value of steam, or any other form
of heat or gneryy derived frum produciion
under the lease and sold or utilized by the
lessee or reasongbly susceptible to sale or
utilization by the lessee;"

The act fails to consider many of the important
aspects of direct-use geothermal energy, and there-
fore tends to discourage the development of this
resource on federal lands. Nevertheless, it has
established a precedent for the pricing and leas-
ing of geothermal resources.

Legislation

The Geothermal Steam Act of 1970 was written dur-
ing the accelerated development of The Geysers in
California. This gecthermal resource contained
A50°F dry steam, wasvery well defined, and was de-~
veloped as an electrical power production site.

The resource was defined as a gas. Intangible
drilling deductions and percentage depletion al-
lowances permitted for natural gas and oil were
also applied to the development at The Geysers.
More than 1ikely, as a result of this definition,
the National Energy Act of 1978 provided the same
intangible dr111ing deduction and percentage de-
pletion allowances for all geothermal resources.

The Geothermal Steam Act established royalties for
the development of geothermal resources on federal
Tands similar to the royalties established for the
development of oil and natural gas. Subsequently,
these royalties were applied to low temperature

. rect-use application.
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change in the resource. Oregon Institute of Tech-
nology has heated all buildings on campus with
direct-use geothermal energy for cver 15 years.
During this time, there has been no measurable change
in temperature or water level of the resource, indi-
cating that the resource does not deplete.

It seems inappropriate to legisiate for renewable
resources in the same manner as we legislate for de-
pletabie resources. Is there pending legislation
for royalties and percentage depletion allowances

on wind generators and solar collecters, or are we
only tring to impede the development of geothermal
energy? Granted, royalties impede while deplelion
allowances and drilling deductions escourage develop-
ment. However, tax deductions tend to favor large
corporate developers rather than individual develop-
ers who often operate at Insses 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 direct-use geo-
thermal systems.

Electric vs. Nonelectric

There are considerable differances between electri-
cal power generation and direct-use projects using
geothermal energy. Suppose a 450°F well was devel-
oped on federal Jand delivering 50 million British
thermal units (MBtu) per hour. If the project were
direct-use and the energy evaluated at a natural gas
price of $4.40/MBtu, the total energy value would
be $220/hour. A 10% royalty would be $22/hour. If
the same resource were used to generate electricity
at 18% efficiency (the efficiency at The Geysers),
then 50 MBtu/hour x .18 eff. x 293 kwh/MBtu = 2,637
kwh. The royalty at The Geysers is based on the
value of the energy delivered at the bus bar. At
.015/kwh which compares to $4.40/MBtu far natural
gas, the value at the bus bar would be $40/hour and
the royalty would be $4/hour. In other words, given
a resource delivering 50 MBtu/hour, the developer
could reduce the royalty paid on this energy from
10% to 1.8% by gencrating electricity versus a di-
Is the royalty designed to
encourage inefficiency?

A royalty of 10% for direct-use district heating sys-
tems freguently amounts to more than the total incre-
mental annual cost to operate and waintain these sys-
tems. The Klamath Falls, Oregon district heating sys-
tem estimates operating and maintenance costs of

direct-use geothermal energy.
Direct-use geothermal energy is a renewable re-

source. There are direct-use systems that have
been on line for over 50 years with no measurable
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$20,000 1Tn the First year excluding salaries (sala-
ries were omitted since present personnel operating
conventional heating systems will operate and main-
tain the heating district at no additional cost}.
If the district were required to pay a 10% royalty,
the royalty alone would be $24,71¢ in the first
year.

The 10% federal rovalty is charged on gross sales
if the developer sells energy to the user, If the
developer and the user are the same entity, as is
the case of the Xiamath Falls Heating District, the
10% royalty is based on the value of the cheapest
energy available. [Ihe buildings in this district
use natural gas which was the cheapest fuel avail-
able at the time of the study, $3.50/MBtu. The an-
nual cost of heating the district was $247,100.
Consequently, the royalty would be $24,710 annually.
This brings up another point. The annual heat load
for the district is 6 x 10* MBtu. The efficiency
of natural gas for this district is 85%. If the
efficiency were 100%, then 6 x 10% x $3.50 =
$210,000/year. S0, the city would be paying an
additional $3,170 a year royalty solely based on
the inefficiency of natural gas.

Qakridge, Oregon estimates the cost to operate and
maintain their proposed heating district at $21,766
in the first year excluding salaries. If this city
drilled wells on nearby federal land, the royalty
woluld be $6,696 in the tirst year. After 20 years
of operation, the city would suffer a $56,000 loss
on the project. Without the royalty, the heating
district is economically feasible. These examples
impTy that geothermal heating districts can only

be economically feasibie if developed on other than
federal lands.

When this country was in the early stages of devel-
opment, federal land was given away under the Home-
stead Act. Why not give away geothermal energy on
federal lands until such time as our nation is en-
ergy independent? A sunset clause could be written
into such legislation reguiring a review every five
years.

Pricing for the Private Sector

State governments and private individuals look to
the federal guidelines to establish their royalty
payments. A private landowner fortunate enough to
have a gocd quality resource on his property should
rightfully expect that resource to be of consider-
able value and should expect reimbursement at some
rate from a developer or user who .intends to use
this energy.

If royalties must be charged, thena formula should
be developed that would consider exploration, de-
velopment, delivery, and annual operation and main-
tenance costs. The federal royalty considers none
of these factors. The formula should encourage
both the owner and the user to utilize the resource
efficiently. As with all renewable resources, the
energy 1n a geothermal resource is supplied by
Mother Nature. If the amount of heat extracted
from a given volume of fluid is doubled, the cost
per MBtu is nearly cut in half. The formula should

be responsive to resource temperature; the higher
the temperature, the more vaiuable the rescurce.
The formula should provide equity from resources

of similar water quality. The formula should pro-
vide for cascading from one user to another, although

cascading presents other problems for consideration.

Pricing Formula Development

In an attempt to develop such a formula, a mathema-
tical function was chosen that would allow both the
owner and the user to henefit by increasing the
amount of heat extracted from the resource. Para-
meters were then established which would yield rea-
sonabte results over established resource temperature
ranges. The maximum temperature for direct-use was
set at 350°F, the concept being that higher tempera-
tures would probably be used for electrical power
generation. The lower temperature range was esta-
blished at 100°F. The Togic here was that system
costs rise rapidly as heat is extracted at tempera-
tures Tower than 100°F. Temperatures in the range
of 85°F are suitable for both space heating and
cooling using water-to-air heat pumps. In the
cooling cycle, the heat pump receives the resource
fluid, increases the temperature of the fluid, and
injects fluid to the reservoir at a temperature
higheyr than the temperature of the reservoir. Such
a process would indicate that the landowner would
have to pay a royalty to the user.

Most direct-use geothermal systems utilize heat ex-
changers to separate the geothermal (primary} fluid
from the fTuid in the secondary system which is nor-
mally clcan or treated water. There are a few cases
in which the geothermal fluid itself is sufficiently
clean to be used throughout the system. As resource
water quality deteriorates, heat exchangers are ab-
solutely necessary to avoid scaling and corrosion
of the secondary system. Efficient heat exchangers
have approach temperatures in the neighborhood of
10°F between the primary and secondary fluids leav-
ing a net available resource temperature of 10°F less
than that of the resource, Therefore, the formula
evaluates net available resource temperature.
FORMULA 340°F - d _ e-hr
6563

WHERE: d
r

Discharge fluid temperature in °F
Royalty expressed as a decimal

A value for h is established by setting d = 180°F

and ro = some standard royalty (expressed as a deci-
mal) agreed upon between the owner and the user based
on the cost to develop and deliver the resource.

Once h has been established, it remains fixed for
that specific resource. d is given the value of

the actual discharge temperature and r is calculated.

EXAMPLE :

10%; then
p-h(.lo)

Assume rg

340 - 180
653
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160 .
n of (25 = -.10(h)
h o= 24068 - 4 0pa

-1
For discharge temperature of 140°F:

340 - 140 _ -14.064(r) _
T—e —8-4%
The reason for establishing the discharge tempera-
ture at 180°F to calculate h at the standard roy-
alty is because typical existing space heating sys-
tems supply temperalures al 200°F extracling Z0°F
with fluid returning to the heat source at 180°F.
Therefore, whatever value is established as the
standard royalty, the user would pay that royalty
percentage by extracting enough heat from the re-
source to reduce the discharge fluid to 180°F. If
the discharge fluid were higher than 180°F, the
percentage royalty would be higher than 10%. 1If
the discharge fluid were lower than 180°F, the
royalty would be less than 10%.

If the assumption is made that pressures are main-
tained to keep higher temperature resources from
flashing, then the energy output of a resource can
be easily calculated to arrive at a royalty pay-
ment.
FORMULA:

BLu/Hour = (Rn - d} 500 {gpm)

WHERE : Ry = Net available resource temperature

{resource temperature in °F - 10°F)
d = Discharge fluid temperature in °F

For a 270°F resource with a flow of 1,000 gpm and
a discharge temperature of 140°F:

Rp = 270 - 10 = 260
d = 140
gpm = 1,000

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

At a price of $4.50/MBtu, the total energy value
would be 4.5 x 60 = $270/hour, and the royalty
payment with a Ry of 10% would be .084 x $270 =
$22.68 hour.

Higbee

and a peak flow of 1,390 gpm. The annual load
factor for this district is 25%. This means that
the system would operate for 2,190 hours per year
based on the peak load. If this resource was eval-
uated at a 10% standard royalty, the royalty for
160° discharge fluid would be 9.16%. The total
annual energy delivered would be:

Btu/Hour = 40° (500) 1,390 = 27.8 MBtu/hour
Then, energy value per hour = $3.50 x 27.8 =
$97.30/hour. Total annual energy value = $97.30/
hour x 2,190 hours/year = $213,087/year and the
royalty = $213,08/ x .0916 = $19,519. The city
could reduce this amount to $16,493 by designing
the heating district to extract 80°F with a dis-
charge temperature of 120°F.

The graph below is pletted for a standard royalty
of 10% and shows the percent of royalty that would
be paid for discharge temperatures ranging from
320°F to 80°F.
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The graph on the following page shows the total roy-
alty per hour of operation for a resource of 340°F
net available resource temperature and a flow of

1,000 gpm wnen the discharge temperatures range
from 330°F to 80°F.

The Klamath Falls Heating District has resource
temperatures of 210°F (net available resource tem-
perature 200°), a discharge temperature of 160°F,
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SUMMARY

It would be foolish to believe this formula is the

ultimate in determining royalty payments. It prob-
bo ably is only the beginning. What it does accom-
Dollars of Royalty/nhr. piish is to:

1. Reward the user, developer, and owner for
efficient use.

2. Allow for the fact that high temperatures
are much more valuable then low tempera-
tures.

3. Contain values that can easily be changed
to compensate for low water quality and/
or high development and delivery costs.

4. Avoid tying the cost of geothermal to the
efficiencies of conventional fuels.

The table below presents the values for a 350°F
{340°F net available resource temperature) resource,
delivering 1,000 gpm with a standard royalty of 10%
and calculates the percentage royalty, the total
energy in MBtu/hour, the value of that energy at
$4.50/MBtu, and the total royalty/hour paid to the

owner.
A 1 i L 1 1 J
3120 280 240 200 160 120 80
DISCHARGE TEMPERATURE CF
DISCHARGE MBtu/ VALUE AT PERCENT TOTAL ROYALTY
TEMPERATURE HOUR $4.50/MBtu ROYALTY PER HOUR

330 5 $ 22.50 L2972 6.68662
320 10 45,00 .2479 11.15494
310 15 67.50 L2191 14.78596
300 20 90.00 . 1986 17.87325
290 25 112.50 . 1827 20.55622
280 30 135.00 . 1698 22.91699
270 35 157.50 .1588 25.00981
260 40 180.00 . 1433 26.87325
250 45 202.50 .1409 28.53615
240 50 225.00 L1334 30.02088
230 55 247.50 . 1266 _ 31.34532
220 60 270.00 .1205 32.52410
210 65 292.50 1148 33.56937
200 70 315.00 . 1095 34.49743
190 75 337.50 -1046 35.29909
180 80 360.00 .1000* 36.00000
170 85 382.50 .0957 36.60083
160 90 405.00 L0916 37.10748
150 95 427.50 .0878 37.52518
140 100 450.00 .0841 37.85863
130 105 472.50 0807 38.11203
120 110 495.00 .0774 38.28921
110 Hs 517.50 0742 38.39362
100 120 540.00 L0712 38.42845

90 125 562.50 .0683 38.39657

80 130 585.00 .0655 38.30068

70 135 607.50 .0628 38.14322

* Standard Royalty
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