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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Mr. Gene Culver

Oregon Institute of Technology
Geo Heat Center

Klamath Falls, Oregon 97601

Subject: Final Report, Professional Services Contract
No. TA 21-80

Dear Gene:

Enclosed are three copies of the final report on
our study for Tad's Enterprises, Inc. under Profession-
al Services Contract No. TA 21-80, which ends September
3, 1981. We had hoped that the geothermal flash system
installation would be completed before the end of the
contract period, but completion is still a week or two’
away. We are thus submitting a final report now in
order to meet the contract requirements indicated in
Mr. John H. Smith's August 27, 1981, letter to me.

We still intend to keep you posted on the progress
at the Wabuska Geothermal Ethanol Plant and we wish to
thank you, Gene Ryan, and OIT for supporting this work
on behalf of Tad's Enterprises, Inc.

Very truly yours,

| R,

Russell A. Stenzel
Principal Engineer
RAS:sal
Enc: report 3 v
cc: Neal Townsend w/enc
A. J. Williams no/enc

ULTRASYSTEMS Engineers and Constructors, Inc.
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BACKGROUND

Tad's Enterprises, Inc. has a 400,000 gallons per year, 50
gallons per hour, capacity geothermal ethanol plant at Wabuska,
Nevada. The plant was deSigned by L&A Engineering and Equipment,
Inc. who also provided much of the equipment. Corn was the
planned feedstock material. The plant is in its first year of
operation. The plant has one mash preparation tank, eight hatch
fermenters, a conventional four-column distillation system, a
single-effect evaporator for thin stillage solubles concentra-
tion, and a hot water tubé-type rotary dryer for DDGS drying.

Geothermal fluid from Wabuska No. 1 well is used for various
heating purposes in the plant. Wellhead temperature is about
220°F and the capacity of the existing pump is about 450 gallons
per minute. Actual usage is not measured. Geothermal fluid ef-
fluent is cooled in a spray pond and used as cooling water in the
plant.

The only nongeothermal heated system is the beer stripping
cclumn. A 2 million Btu per hour gas/oil fired boiler is used to
generate stripping steam. Fuel costs have been on the order of
$2,000 per month or 6 - 10¢ per gallon of product ethanol. The
plant has about 200 cohnected horsepower in electric motors. El-
ectric power is purchased from Sierra Pacific Power. Power costs
have been on the order of $4,000 per month. These two operating
costs represent a significant fraction of the alcohol production
cost, 1if feedstock cost is excluded. 1If either or both operating
costs could be reduced through increased geothermal resource
utilization, then the profit potential of the plant would be sig-
nificantly improved. 4
OBJECTIVE AND SCOPE _

The objective of this. study was to eValuate the feasibility
of increasing thé use offthé?existing geothermal resource. Im-
provements that would fééUit"in3costs,savings would be recommend-
ed for implementation. The scope of'work is summarized below:

Task 1 Use of Geothermal Energy in Beer Still Operation

1.1. Determine minimum column pressure drop in the beer




still at the design capacity to establish the lowest operable
temperature at the still bottom.

1.2. Determine the most suitable way of producing a useable
heat source from the geothermal fluid; i.e., steam flashing,
which can be directed to the distillation column to produce the
azeotrope.

1.3. Determine the suitability of direct geothermal steam
injection into the beer still if flashing appears feasible.

1.4. Determine stable operating conditions for the geother-
mal heat source production and distillation column operation.

1.5. Develop a cascade scheme for use of the geothermal
fluid to maximize energy recovery.

Task 2 Generation of Electric Power From Geothermal Resource

2.1. Examine the availability and performance characteris-
tics of small binary cycle power generation units having produc-
tion capacities in the range of 100 to 200 kW.

‘ 2.2. Determine whether binary cycle power production to
supply the plant's power needs is attractive with the available
220°F geothermal resource.

SUMMARY

This interim report describes the evaluations made to date
under these two work tasks. Results are summarized here.
Task 1

The installation of a geothermal flash system to generate
steam for direct injection into the bottom of the beer stripper

appears to be technlcally feasxble with some reservations. If
the stripper/rectifier system can be operated continuously with
no more than a 3.3 psi total pressure drop while maintaining the
desired alcohol productlon rate, then the steam from the flash
system should be able to provide all of the heat input required.
Installation of a second feed preheater using geothermal fluid is
recommended to reduce the strlpplng steam requirement in the
stripper/rectifier system.' This beer feed preheater may help to
reduce the pressure drop in the stripping column and thus help to

keep the total pressure drop in the system low.




The flash system will.provide adequate amounts of geothermal
effluent at a high enough temperature to satisfy the process heat
requirements of downstream users without significant operating
changes.

The cost of the proposed system is about $40,000. If use of
the boiler can be discontinued entirely, the operating cost sav-
ings would result in a payback period of about 1.2 years. The-
proposed flash systém is now being installed. The final repoxrt
will contain details on installation and start-up experiences.
Task 2 |

The installation of an organic Rankine cycle power dgenerat-
ing facility at the Tad's Enterprises facility is technically
feasible, but it may not be practical from an economic standpoint
using the presently'provided design parameters. This is for sev-
eral reasons. First, the unit size available (300 kW) only oper-
ates at 60% of design capacity making the installed capital cost
of the facility very high in relation to the power output (over
$2,600/kW). Second, the price at which the power could be sold
(just over 5¢ per kWh) does not generate high revenues. Third,
due to the current financial climate, a considerable portion of
the gross revenues would be required to cover the debt service,
unless low interest loans could be secured. Finally, the geo-
thermal effluent temperature (185°F) would be too low to satisfy
most of the process heating needs in the ethanol plant, and the
effluent would need to be reheated at a high cost.

There are certain inCentiVes that improve the economic out-
look such as a 10%:investméht;taxlcfedit and a 10% energy tax
credit. Howevef, these ¢fédits'aione’are not sufficient to make
this an economically attractive?projéct by itself. An increase
in geothermal fluid flow hearéf to 700 gpm would increase the ,
output of the generator by-SO% with very little additional ex-
penditure for power pianﬁ‘eqﬁipment} To accomplish this without
affecting the current ethanol~plant heating systems, a new well
and larger pump would need to be ihStéiled. The additional capi-
tal cost for this installation would be about $100,000. The new




pump would itself consume 60 to 75 kW so the net output would in-
crease only 15 to 20% rather than 50%. Again, the economics
would be marginal to unattractlve.

TASK 1 - USE OF GEOTHERMAL ENERGY IN BEER STILL OPERATION

Figure 1 is a schematic which illustrates the major process
features of the wabuska plant. It does not accurately represent
the as-built facility in the areas of 1) drying, and 2) geo-
thermal fluid piping. The distillation section is sufficiently
representative for this discussion. Little design detail was
available for the plant.

Current Beer Still Operation - Beer distillation is carried
out in two columns; one a stripper and the other a rectifier.
Each column is 18" in diameter by about 35' high. The stripping
column contains 22 one-pass sieve trays with an 18" tray spacing.
Tray hold size is 7/16" diameter. The rectifying column contains
about 33 sieve trays (12" spacing) with a smaller hole size,
probably %" diameter. The stripping section receives an 8 - 10%V
alcohol feed from one of the fermenters which is preheated to
about 130°F by heat exchange with the condensing overhead vapor
stream from the rectifying section. The feed rate is in the
range of 500 - 625 gallons per hour.

_ Heat input for boilup is provided by live steam injection
into the stripper sump. About 80 - 90 psig saturated steam is
generated in a 2 MM Btu/hr capacity package oil/gas fired boiler.
Design steam consumption-isvebout 1,000 1lb/hr at the design 198+
proof ethanol productionvrate of 50 gallons per hour (about 53 -
57 gallons per hour of 190 proof rectifier product). There is no
measurement of actual steam consumptlon.

The steam flow is set by a. temperature controller which
measures the 11qu1d temperature 'in ‘the stripper sump. Stripper
feed rate is adjusted manually.' Rectlfler product takeoff rate
is set by a rotometer (also by a manual globe valve). The bal-
ance of the rectifier overhead_product is pumped to the top of
the rectifier for reflux. -An off-line hydrometer is used to de-
termine the rectifier product quality. Stillage is pumped from
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the stripper sump on level control (float-type) to a single ef-
fect evaporator. A fusel oil cut is removed from the lower third
of the rectifying column.

Typical temperature/pressure conditions were: a 215°F
stripper bottoms temperature, a 170°F rectifier overhead tempera-
ture, and a 3.7 psia total pressure drop across the two columns.
The pressure drop is about the same in each column, and appears
to be a bit high for sieve trays columns. The small hole size
may partly account for the high pressure drop, especially if
plugging occurs.

Production Test at Lower Stripper Bottoms Temperature - A
brief test was run to assess the stripping column performance at
a lower bottom temperature. The objective was to see whether the
column would be operable if low temperature flashed geothermal
fluid were available for injection into the stripper sump. With
the column in operation under typical flow/temperature/pressure
conditions, the temperature controller set point was reduced to
212°F. As the stripper bottoms temperature dropped to 212°F and
stablized the total pressure drop decreased to 2.9 psia frOm 3.8
psia. The rectifier product quality dropped significantly (to
less than 160 proof) at about a 60 gallon per hour takeoff ratc.
This was not unexpected since the temperature controller closed
down on the steam control valve reducing the steam input to the
stripper. (A rough estimate of 750 lb/hr was determined by
crudely measuring the level drop in the boiler feed water tank.)
There was not enough heat input to produce an adequate degree of
rectification at a 60 gallon per hour ptoduct takebff rate. The
beer feed ratc to the stripper'waslthen reduced and the rectifier
was put on total réflux until the'desired overhead quality was
reestablished. Product takeofwaasiinitiatedvat a low rate, and
the fced and product takeoff flows were then adjusted to get
stable operation at the 212?F.bottbhs temperature. At stable op-
cration the 190 proof prdduct takébff rate was about 30 gallons
por hour, or nbduL onc—half.thc £ypical rate. No measurcement of

stillage alcohol content was made (there was no means of making




such a measurement).
The conclusion from this test was that the stripping column

will operate satisfactorily at a low bottoms temperature and
still produce 190 proof rectifier overhead product - though at a
lower rate than desired. What this test could not indicate is
whether a higher production rate would be achievable with a high-
cr heat input from low temperature (viz. geothermal) steam versus
the restricted input of higher temperature steam in this test.
The column designer (L&A Engineering) felt that a bottoms temper-
ature higher than 212°F is required to achieve the desired 60 spb
production rate of 190 proof product. There is inherently a min-
imum pressure drop and, thus, a minimum bottoms temperature be-
low which the desired separation cannot be achieved at the 60
gallon per'hour product takeoff rate with the existing columns.
Column Temperature/Pressure Reading Checks -~ Since tempera-
tures and pressures in the distillation system were obviously
critical parameters, a test with boiling water in the stripper
sump was run to check the thermocouple readings with the corres-
ponding pressure gage rea@ings in the stripper and rectifier.
The plant site is at an élevation of 4,300'. From a plot of ele-
vation versus normal barometric pressure, the normal boiling point
of watcr there would be about 204°F (12.5 psia). A barometer
.calibrated at the local airport was used to determine the baro-
metric pressure during a temperature reading test check. The
stripper sump was filled with cool geothermal fluid and steam
from the boiler was injected on temperature’control. Column tem-
peratures and pressures were recorded after each incremental in-
creasce in the bottoms tcecmperature. A range of 205°F to 216°F was
covered. Temperatures in the bottom middle, and top of the rec;
tifier were always higher than the stripper bottoms liquid tem-
perature indicating superheated water vapor was present in the
vapor spaces of both colﬁmns. The rectifier top pressure was
0 psig throughout. The top temperature ranged from 209.5°F to
208.75°F. The normal boiling point was measured as 203.34°F

(corresponding to a pressure of 12.35 psia) with a mercury ther-




mometer in a pan of boiling water. This thermometer was previ-
ously used to calibrate all of the thermocouples.

The barometric pressure corrected to sea level ranged from
30.15 to 30.18" of mercury. - The Reno airport (4,411' elevation)
reported 30.11" of mercury. Actual station pressurcs at Wabuska
and Reno would be about 12.7 psia corresponding to a water boil-
ing point of about 204.8°F. Assuming the gage pressures were
correct and an atmospheric pressure of 12.7 psia, all of the
stripper bottom thermocouples readings were low - the range was
1.4 to 2.7°F too low. The mercury thermometer placed in boiling
water in Oakland read 209.75°F the following day when the actual
boiling point should have been very close to 212°F (a new ther-
mometer read 212°F).,

It was apparent from this pressure/temperature check that
the stripper bottoms temperature indicator was reading low -
probably about 2°F. The geothermal fluid supply temperature dial
was also reexamined and it appeared to read as high as 222°F.

Historical station pfessures at the Reno (Cannon) airport
indicated an average station pressure of 25.59" of mercury (12.57
psia) corresponding to a water boiling point temperature of
204.4"F. The highest and lowest recorded pressures were 26.34 in
Hg (205.7°F) and 24.65 in Hg (202.5°F). |

At a later date Daniels Engineering checked the stripper
bottoms pressure with a U—tube’hater manometer when the system
was operating at the design production rate., The bottoms pres-
surc averaged 3.3+0.1 psilabOVe'atmospheric pressure. This pres-
sure corresponds to eboutfls.QTpSia dr a 216°F water boiling
point temperature‘ | o

Gcothermal Fiuid Flash Calculatlons-

If we assume. that the strlpper bottoms temperature must be
216°F for Droductlon of 190 proof alcohol at the de51gn rate,
then the strlpplng steam temperature ‘cannot be lower than thlS,
unless other changes are made to reduce the total column pressure
drop and, hence, reduce the stripper bottoms pressure. Even at

216°F thcere is a potential for generating enough steam from the




from the geothermal fluid to operate the stripping column. If
the design heat input to the stripper is now supplied by direct
injection of 1,000 1b/hr of 100 psia saturated steam which con-
denses at 216°F, then the enthalpy transferred to the stripper
bottoms is about one million Btus per hour. Assuming the beer
feed rate averages 555 gallons per hour at 9% volume ethanol,

the over 1/3 million Btus per hour are required to heat the water
in the stripper bottoms from the 130°F feed temperature to the
216°F bottoms temperature. External preheating of the feed from
130°F to about 190°F, the stripper top temperature, would reduce
the required heat input to the stripper bottoms by about 25%. So
there is a potential for significantly reducing the present steam
injection rate in the stripping column.

The geothermal well turbine pump is capable of delivering
about 450 gpm of 220 - 222°F geothermal fluid to the alcohol
plant at about 30 psig. Using the thermodynamic properties of
water, we calculated theoretical steam production rates at vari-
ous flash temperatures for both 220°F and 222°F geothermal fluid
temperaturés using:

F h = S.h + L.h
e} fo 1 9, 1 f1

feed supply rate in lb/hr = 450 gpm x 60 x 59.6 1lb/cf

where F
o)

= 215,130 1lb/hr

hf = saturated liquid enthalpy of feed, Btu/lb at supply
© temperature to
S1 _ steam production rate, lb/hr at flash temperature T1
hq - saturatced vapor cnthalpy, Btu/lb at I'lash tempoera-
1 ture T1 | | |
Ll = residual fluid_rate, lb/hr at flash temperature le
hf = saturated liquid enthalpy of residual fluid at flash
1 _temperatureﬁTlﬁ' '
hf = enthalpy of evaporation at T, = h_.-h_ , Btu/lb
g1 1 gl f1

7.48 gal/cf




For a 222°F supply temperature (TO), the following results

were calculated:

Tl' °F Sl’ 1b/hr slhf , Btu/hr Pi, psig* Pl’ psia
o gl —
222 0 ' 0 5.27 17.87
218 890 860,000 3.95 16.55
216 1,330 1,290,000 3.3 15.90
214 1,775 1,720,000 2.68 15.28

0 204.5 3,890 3,790,000 0 12.6

For a 220°F supply temperature (TO), the following were de-
termined;

Tl’ °F Sl’ 1b/hr  81hfg1’ Btu/hr Pi, psig* Pl’ psia
220 0 0 4.59 17.19
218 448 433,000 3.95 16.55
216 895 866,000 3.3 15.90
214 1,340 1,300,000 2.68 15.28
212 1,785 1,734,000 2.1 14.7
204.5 3,445 3,360,000 0 12.6

If the supply temperature is as high as 222°F, there should
be sufficient stcam available at 216°F to operate the stripper at
the design production rate. If the supply temperature is only
220°F, then the steam rate at 216°F is marginal without addition-
a2l fced preheating or without some other change which would re-
duce the pressure drop and temperature in the stripper.

Flash System Proposed

A geothermal fluid»flashing system was designed for the Wa-
buska plant. Figute 2 is ajﬁlow aiagrém of the proposed flash
system.  All of the_geotﬁérmal fluid supply would be piped to the
flash system, and all gebthermal7flu1d-useré would then be sup-
plied with a lower temperétﬁreffesidual fluid from the flash ves-
scl. The flash vessel itself would be 3' diameter by 6' high
with a York-type demistér[aé indicated in Figure 3.

A flow recbfder (FR#lOl)_wasfincluded to measure the geo-
thermal fluid flow fate into the flash system. Currently there

is no way to measure geothermal flows in any part of the system.

9
*Assumcd average atmospheric pressure = 12.6 psia.
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A pressure controller (PC-101) would be used to maintain the de-
sired pressure in the flash.vessel vapor space by controlling the
geothermal fluid feed rate into the vessel. Flashed fluid would
be injected into the'stripper bottoms. Residual fluid would be
pumped (P-101) out of the bottom of the flash vessel on level
control (LC-101) and supplied at about 30 psig to the downstream
users.

The existing TRC would be used to monitor the stripper bot-
toms liquid temperature. The bottoms temperature would be used
as a guide for increasing or decreasing the set point pressure
for the flash system. The current steam boiler system would be
maintained on a standby basis to 1) provide a small amount of
supplemental stripping steam if needed[’or 2) provide all of the
stripping steam if the flash system is out of service.

Table 1 summarizes the major equipment and instrument speci-

fications for the flash system.
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Lag No.

FE-101

rr-101

FR-101

LC-101

Cv-102

PIC-101

PT-101

Cv-101

RV-101

P=101

| TABLE 1
GEOTHERMAL FLASH SYSTEM SPECIFICATIONS

Description

Geothermal Feed Flow Element -

4" orifice plate w/o flanges, 500 gpm, 316SS

Geothermal Feed Flow Transmitter -

Fisher No. 1151 D/P cell, 0-250" range, 4-20 ma output,
316S8SS diaphragm

Geothermal Feed Flow Recorder -

Fisher RD-222 strip recorder, 1 pen, 0-500 gpm Pinear

scale

Flash Vessel Level Controller -

Masoneilan No. 12804 displacer type transmitter/con-
troller, side-mounted with 14" range, 3-~15 psi output,
316SS displacer tube

Flash Vessel Level Control Valve -

3" Camflex II valve No. 35-35102, 300# C.S. body with
6" spring diaphragm actuator

Flash Vessel Pressure Controller -

Masoneilan No. 2716, 316SS bellows type element, 0-15
psig range, proportional plus resét, 3-15 psi output
Flash Vessel Pressure Transmitter -

Fisher No. 1151 D/P cell, 0-750" range, 3-15 psi output,
316SS diaphragm '

Geothermai Flash Control Valve =~

3" Camflex II valve No. 35-35102, 3004 body (316SS)
with,6"vspringldiaphrégm éCtﬁétor _

Pfesé@fc Réiicf.VaIvéﬁ~ :' ) ‘,‘ 7k

1%" 1543G, Gvorificé,:éo'psig sct pressure, bronze
Geothe rma | lluld v l?qrﬁp ~ / ‘ a )

Goulds Model 3196MT, 3 x 4-13 with 10" open impellor
(316SS), 450 gpm @ 104' TDH, D.I case; 20 HP, 1,750
rpm, 230/460V, 3 b 60 Hz explosion proof motor

11




Tag No.
v-101

X-101

TABLE 1 (cont'd)

Description

Geothermal Flash Vessel -
3'-0" ID x 6'T-T C.S. Shell with ASME 2:1 S.Li. hcads,
50 psig pressure

Flash Vessel Demister -
York style 431, 36" IDX 6" thick with top and bottom

grids, 304SS

12
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If the proposed flash system.is implemented it will top
about 6°F from the 220 to 222°F supply temperature. All present
users would then be supplied with cascaded fluid. Figure 5 shows
the proposed system. A new supply line would be run to the new
flash vessel in the distillation area. Residual fluid from the
flash system would be piped into the current 6" supply header up-
stream of the takeoffs to the dehydration column reboiler and the
vstillage evaporator. The fluid would then go into the building
through the existing 6" line (flow reversed from present) to sup-
ply users in the building. The flash evaporator could use twice
cascaded fluid. The dehydration column reboiler could also be
repiped so that geothermal fluid would enter the reboiler from
the bottom rather than the top (cocurrent rather than countercur-
rent flow).

The combined geothermal reject will still have a fairly high
temperature. A low to moderate temperature use, such as green-
house heating, could extract useful heat from reject geothermal
fluid. The geothermal well is thought to be capable of 800 - 900
gpm production if a larger turbine pump were installed in the _
present well casing. There is thus the potential for supplying
all the process heat for a 400,000 gallon per year ethanol plant
expansion.

Economics of the Proposed System

Capital and operating and maintenance costs for the flash
system and the beer feed preheater have been estimated as indi-

cated below.

Capital Cost Items:

® Flash system equipment and instruments (FOB $15,000
factory)
Preheater (FOB factory) . 2,000
Delivery, installation, and stértup costs (in- ' 17,000

cludes piping, valves, insulation, supports and

labor)
® Engineering costs 5,000
Total capital investment (TCI) $39,000
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Annual Operating and Maintenance Costs (Savings):
@ Boiler fuel ($2,000/month - 11 months/yr)
e Electric power (13 kwh/hr x 7,920 hr/yr x
 5.45¢/kwh)
® Operating labor (1 hr/day x 336 days/yr X
$10/hr)
® Maintenance materials and labor (5% of TCI)
Total Annual O&M Costs |

Payout period = $39,000 = 1.2 years
: $33,100/yr

($44,000)
5,600

3,300

2,000

($33,100)

A simple calculation indicates a quite short payout period if the

system can completely replace the boiler as a steam source.

Conclusions

The Task 1 preliminary evaluationvappeared sufficiently en-
couraging to Mr. Townsend of Tad's Enterprises, Inc. so that he
is pfoceeding with implementation. It is hoped that installation
of the flash system will be completed in a few weeks and that

some preliminary operating experience can be included in the fin-

al report.

TASK 2 - GENERATION OF ELECTRIC POWER FROM THE GEOTHERMAL RESOURCE

Background

Although there are several manufacturers who market organic

Rankine cycle (ORC) energy recovery systems, only one manufactur-

er <ould be located who had a standard offering in the size and

temperature range of this project. This manufacturer is Ormat

Turbines, Ltd. from Israel, who is represented in the United

States by Whiting Corporation in Harvey, Illinois.

Ormat manu-

factures a skid mounted 300 KW ORC system that is capable of en-
ergy recovery from waste heat streams with’temperatures as low as

200°F (a typical organic Rankine Cycle is shown in Figure 6).
Unfortunately, the 300 KW system is their smallest unit, and it

is still oversized for the amount of energy'available at the
Tad's Enterprises site. Since it is felt that a custom design
would be clearly cost prohibitive, this discussion will be pre-

sented on the basis that the Ormat 300 KW system can be utilized,
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either by operation at reduced load or by increasing the geother-
mal fluid flow to a point where full load operation can be
achieved. The design basis for this application is a geothermal
fluid (water) flow of 450 gpm at 222°F and 40 psig at the well
head. This represents a usable heat input of around 8.5 million
Btu/hr. The overall cycle efficiency quoted by the manufacturer
for the ORC system is in the range of 7 - 10%. This means that,
at the design flow rate, only around 200 KW could be generated.
(It would require a geothermal fluid flow of around 650 - 700 gpm
to reach the 300 KW design capacity of the system.) This stand-
alone case ignores the present use of the geothermal fluid in the
ethanol plant, and the restrictions that would be placed on the
geothermal effluent fluid temperature from the power plant.

The only energy requirement not accounted for in the manu-
facturer's net output rating is that of the cooling water system.
For this application a closed cycle cooling water system would be
utilized which would most likely include a mechanical draft cool-
ing tower. The cooling tower pump and fan energy requirements
would reduce the system output by about 10 - 15 KW to approxi-
mately 190 KW. |
Economics

The installed cost for the 300 KW Ormat unit is around
$500,000. This includes the skid mounted ORC package, concrete
foundations, cooling tower, circulating water pumps, and inter-
connecting piping. The maintenance'costs associated with the
unit are minimal, and are not expected to exceed $10 - 20,000 per
year. Operator. attendance 1s ‘not requlred (although the equip-
ment should be lnschtLd dally),.and the manufacturer is quot;ng
an excellent machine rellabllltyv The only materials that are
required from a malntenance standp01nt are the organic fluid 1t-
self (usually Freon), and- water treatment chemlcals for the cool-
ing water system. Typlcally, 1 - 2% of the organic fluid will
leak through pump ‘and’ turbine seals durlng ‘the course of a year.

The revenues generated by such a- fac111ty are determined by

the metering arrangement one chooses to have with the local util-
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ity. Two options are available. Under the first option, the co-
generation facility would sell all power to the local utility,
Sierra Pacific Power Company. Any power required by other facil-
ities owned by Tad's Enterprises would be purchased separately
from the utility. Under the second option the cogeneration fa-
cility would "sell" power to the ethanol refinery, ahd only sur=~
plus power would be sold to the utility. The second option would
appear to be preferable since the utility avoided cost payment
(the amount the utility will pay for power) is less than the re-
finery must pay for power from the utility. Thus the cogenera-
tion facility can increase its revenues by selling power to the
ethanol refinery at the same price as the refinery currently pays
Sierra Pacific Power.

The current avoided cost rate published by Sierra Pacific
Power for purchases of less than 100 KW is $.0409 per kilowatt
hour for power, plus $;0061 per kilowatt hour for capacity based
on the lowest monthly power output during the current or previous
eleven months. These rates are in effect for three months begin-
ning August 1, 1981, and will be adjusted quarterly. The rates
for facilities producing over 100 KW are not published but are
instead negotiated with the producer. However it is safe to assume
that the rates for a 200 KW facility will be similar if not iden-
tical to the published rates. o

The power sales price currently charged by Sierra Pacific
Power for facilities of between 50 and 1,000 KW is $.0495/KW plus
a demand charge of.$180/mogéhd:$3}60/Kw'for'all demand in excess
of 50 KW. S R AT

A brief econ§mic éﬁaluafianof]thé;pfbposéd'cogeneration fa-
cility is shown in tabulaffformfinfTabie-Z.Q’AS'Can‘be seen by
this evaluation, the Cashgfibw ffpm suéh_a project is_low unless
the early lossesvgeheréfed‘by_tﬁe féciiity could be utilized to
full advantage to offéet”othet'incémé by Tad's Enterprises. This
analysis ignoresfthe’fact>thaﬁ the’gebthermal effluent tempera-
ture is too low for most of the‘pr0ceSB'heétihg needs in the eth-

anol plant and an expensive reheat would be required. Coupling

17




TABLE > ECONOMIC ANALYSIS

YEAR 1 2 3 4 5 6 7 8 9 10

ELECTRIC POWER REVENUES
Power Sold To Utility 35 39 42 47 51 56 62 68 75 83
Power Sold To Refinery 44 48 53 59 64 71 78 86 94 104
TOTAL _ 79 87 9s 106 115 127 140 154 169 187
COSTS
Depreciation 75 110 105 105 105
Operation and Maintenance 20 22 24 27 29 32 35 39 43 47
Interest Expense @ 17% . 85§ 77 68 60 51 42 34 26 17 9
General & Administrative Expense 2 2 2 2 2 3 3 3 3 4
TOTAL _ » 182 211 199 194 187 77 72 68 63 60
Income (Loss) Before Taxes . . (103) (124) (104)  (88)  (72) 50 - 68 86 106 127
Investment Tax‘.C'redit: ~-( 50) »
Energy Tax Credit.. . ‘ O 50) ,
Income Taxes  ~ ° ~ 0 o 0 0 0 0 0 0 0 0
Net Income (Loss) . (203)  (128)  (104) (88) (72) 50 68 86 106 127
Depreciation. .~ . -~ . " 7§ 110 105 105 105
Principal . (s0) (50) (5S0) . (50) (50) - (50) (50) (50) (50) (50)
Net Cash Flow '~ (178) ( 64) ( 49) (33) (17) 0 18 36 56 77

Assumptions

1. Electric power revenues, purchased power cost, and O§M costs are escalated at 10%.

2. Cogen facility>het output. is 190KW at a capacity factor of 91%, (8000 hr/yr. operation)
power sold to utility is 90KW. Power sold to ethanol refinery is 100KW.

3. Utility rates for year 1 are based on rates in effect for August,,1?81: utility gvoided cost
rate is $.048/kw (including capacity credit) purchased energy cost is $.055/kw (includes
demand charge).




power production with alcohol production is not economically
feasible with the current geothermal well and pump.

Installing a new well and pump to deliver 700 gpm of geo-
thermal fluid to a stand-alone binary cycle power plant would
cost an additional $100,000, a capital cost increase of 20%.
Gross generator output woﬁld be 300 KW versus 200 KW in the case
considered above. However, the new geothermal fluid pump WOuld
consume 60 to 75 KW, offsetting most of the gross output gain.
Hence the economics would be only marginally better. Consider-
able revenue would need to be gotten from a new user of the
185°F geothermal effluent in order for the application to be

economically attractive.
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