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EXECUTIVE SUMMARY

The enclosed feasibility study was conducted under DOE contract number DE-FGO1-

80RA50354 by Geothermal Food Processors,.Inc. of Fernley,. Nevada .in conjunction

with its subcontractors, Morrison-Knudsen, Geo;hermEx and Ag-West.

- r

It concerns the technical and economic viability of constructing and operating
a geothermally heated, bio-mass, motor fuel alcohol plant at Brady's Hot Sphfngs,
where Geothermal Food Processors presént]y operates the world's largest existing

geothermal onion dehydration facility.

The results of the study are positive, showing that a plant of innovative, yet

proven design can be built to adapt current commerical fermentation-distillation

'technology to the application of geothermal heat energy. The specific method

of heat production from the Brady's Hot Spring wells has been in sucessful use
for some time at the onion drying plant. Further development of the.geothermaj
resource to add the capacity needed for an ethanol plant is found to be féaSibIe
for a plant sized to produce 10 million gallons of motor fuel grade ethanol |

per year.

A very adequate supply of feedgrains are found to be available forAuse in the
plant'without impact on the local or regional feedgrain market. The effect of
diverting supplies from the animal feedlots in Northern Nevada and Ca]ifo}nié
Qi}l be mitigated by the by-product output of high-protein feed suppiements
that the plant will produce. The p}ant will have a favorable impact on the :
local farming economies 6f Fallon, Lovelock, Winnemucca and Elko, Nevada. ' It
wfl] make a positive and significant socieconomic contribution to Churchilll
County, providing direct employment for,an_additiona] 6]'persons.' Environmenta]
impact will be negligible, involving mosf]y a moderate increase in local truck

traffic and railroad siding activity.
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The market for gasohol in the California-Nevada region is potentially very
large, but almost totally undeveloped. The total plant output when converted
into gasohol, would only supply 0.8% of the regions gasoline needs. Hence,

only minimal penetration of the motor fuel market will be necessary to absorb
the plant's annual ethanol production. At present there are no tax exemptions
for gaSoh01 sales in Nevada and California. A bill extending limited exempt ions
in Ca]ifofnia is currently on the Governor's desk. If it becomes law, it will
ensure a gradual growth in the démand for ethanol in the'region. However, in
Nevada and Cafifornia, the use of gasohol has come more out of need to extend
motor fuel supplies in times of gésO]ine shortages, than out of economic desire-
ability. This is pafticu]arly true in Nevada whefe gasoline shortages can

have serious negative influences on the states predominant tourist revenues.

The growth in demand for»ethanollwill come mainly from independent oil companies
and gasoline blenders in the region whq are most vulnerable in times of short
supply. Excluding low-cost Brazilian ethanol impo}ts, current demand for”,
ethanol is nearly at the point that it could support a price that would ensure
breakeven operation of the plant. Due to further increases that can be expected
in the price of gasoline over the next few years, the study finds that ethanol
prices will be sufficient to sustain profitable operations by the time that .
the plant could be coomissioned. This analysis does not.consider the military
Qemand for motor fuel, which is very large fn Nevada relafive to the state's
economy, and will grow substantially if MX Missile Project is built. The

Aﬁarket conclusions of the study are, therefore, highly conservative.

In national terms, the availability of an additional domestic source of motor fuel

is important. The unique aspect of this project is that- it converts a remofe]y
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located, f1xed energy source 1nto a commer1ca11y useful, and easily transport-

~ able form. In th1s sense it has a very des1reab1e "energy ratio."

- It will require an estimated $26.8 million capital investment to increase and

prOVe the produCtion‘of geothermal heat, obtain permits, prepare the plant

.site, design the facilities, construct the ethanol plant with attendant rail

siding idading facilities, and make all necessary feedstock supply and marketing
arrangements to brihg the plant on stream in 24 months. In order to generate

adequate cashflows and profit returns to attract private investors, low interest

. rate government loans will be necessary. Given the additional 10% investment

tax cred1t on the alternat1ve fuel product1on facilities, and the 15% added

tax cred1t on the geotherma] resource portions, the project would be economically

j attractive if a 50% government loan at 5% interest were obtained, and accelerated

depreciation of the plant over five years were allowed. As a consequence of -

this conclusion, application will be made for consideration of a CQopefative'

agreement in reéponse to DOE so]icitatfon DE-PS01-80RA-50413. This:studyf

report will serve as the economic viability justification for that application.

g The'report_is presented in two volumes. Volume 1 deals with the technicalldé-
3sigﬁ aspects of thevplént. The second volume addresses the issue}df ekpénded
 ; geotherma] heat production at Brady's Hot Springs, goes into the details qf
N féedstock suppiy.eocnomics; and looks atAthe'markéts for the plant's pfiméry’:
l ethanol product, and the.markets.for.its feed'supp]ement by-products; :The‘

‘ report concludes with an analysis of the economic viability qf the proposed'.>

project. = .-
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. SECTION 1
SUMMARY

~ Geothermal Food Processors, a subsidiary of the Andersen Group, presently
N operates a vegetable dehydration facility adjacent to the proposed alcohol

'plant site. This plant is the nation's largest direct-use application of

geothermal energy.

Geothermal Food Processors received funding from the US Departmént of Energy
to investigate the feasibility of fuel ethanol production at Brady's Hot Springs,

Nevada. The proposed plant will utilize agricultural feedstocks and geothermal

~ process heat.

. The feasibility study is divided into two volumes. Volume 1 deals with the.
. ethanol plant design. Reservoir evaluation, feedstock assessment, market

‘evaluation, and‘ecohomic analysis are the subjects'of Volume 2.

‘Morrison-Knudsen Company, Inc., was retained by Geothermal Food Processors to

. develop a preliminary design and cost estimate for the pfocess piant'at Brady's

Hot Springs. Ag¥We$t, Inc., of Sacramento, California, was assigned the qgri-

. cultural-related work while GeothermEx, Inc., of Berkeley, California, served

as the géotechnica1 consultant. The economic and market analysis portion was

retained by the Andersen Group and its consultants, Johan Wassenaar and Robin

‘Grace, with input from Morrison-Knudsen and other study participants.

Morrison-Knudsen's portion of the feasibility study presents heat and material

balances for ethanol production, describes.the required unit operations, de-

fines the geothermal heat system, discusses plant Utilities'and,i]]ustrates“the

"rg]ationShip between the existing'vegetab]efdrying facility and'the proposed
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etnanoi plant. It also develops capital and operating cost estimates as well

qs a prg1iminary project schedule.

Economically, Western bar’ley and Midwest corn are the preferﬁed feedstocks.
'Bdth'can be used interchangéably in the proposed ethanol plant. Most of the
grain will be shipped by rail to Fernley, apbroximately 20 miles west of the
brocess plant site. Brady's Hot Springs is at least 10 miles from the nearest
railroad. Feedstock is transported in end-dump trailer trucks from Fern]eyvto
the ethanql plant. The primary grain storage facility is located in Fernley A_

and is'described in the agricultural section of this feasibility study.

At the a]qoho] plant, starch in the grain is converted first to fermentable
sugars, and then to ethanol.. The prqtein and fiber present in the feedstocks
paés tﬁrough the process essentially unchanged. They are concentrated and |
sold as animal feed.. Most of the fiber is collected as a wet cake, while the
prﬁtein is recovered as concentrated solubles. The market analysis has indi--
cated -that local markets for wet cake are limited and drying of this materiaf
is necessary. The technical report, however, gives the option of dry or wet

spent grains.

The homina]‘fuel ethanol production rateAis set -at 10 million ga]]ons per

year,. AlthoughAoriginally proposed as a 5 million gallon per year project, the
Bradyfslgeotﬁermal reservbir apparently has adequate capaéity to supporf a larger
plant. A larger plant is also more cost effective when most of the feedstock

is -imported from outside Nevada.-

The ethanol production process consists of feedstock storage and preparation,
mash cooking and saccharification, fermentation, alcohol distillation including
¢ehydrétion; product- storage and shippfng;,by-product‘concentration, and by-

1-2
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“product storage and shipping. By-product drying may be required. Ancilliary

“f*faéflitieS'include the geothermal heat system and plant utilities.

- 'Process heat requirements are met using 290°F geothermal f]uid‘from the Brady's
'Préservoir. Experience with this low salinity fluid at the existing vegetable

“drying faciiity indicates that scaling is minimal when pressure within the

distribution system is high enough to prevent flashing and release of noncon-

densible gases. After removal of sensible heat, the spent fluid is reinjected

to provide for reservoir recharging.

The fuel ethanol plant will have very little impact upon the environment.

'Only carbon dioxide produced during fermentation is vented to the atmosphere.

A1l other air emissions including dust from solids handling and hydrocarbon~ 

~ vapors from alcohol, gasoline, and benzene storage will be controlled. Liqdfd

wastes are transferred to a secondary treatment plant. The aerated effluent

~discharges into a transpiration pond resulting in a zero discharge faci]iﬁy.

For wet cake by-product drying alternative, the total investment at Brady's

- Hot Springs will total $21 million. This includes the process plant and ancil-

lary facilities, but excludes additional agricu]tura],'environmental,jreservoir ‘

and preliminary engineering studies. It also does not include prdject manage-

 ment. By-product drying would cost an -additional $1.2 million. The co§t _

‘figures. include a 5 percent contractors fee and a 20 percent contingency{ " The

estimates have an accuracy of plus or minus 30 percent.

“Although a truck maintenance shop is included. in the cost of the ancillary fac-.

~ ilities, feedstock and by-product'haul trucks are not included in the estimate.

The cost of the required feedstock storage facility at the Fernley railhead is

1?3"



also not ¥ncluded. Costs associated with . .feedstock transshipment are being

. addressed in the agricultural section of this feasibility study..

Procéss operating expenses total $1.82 per gallon product using é corn feedstock
or $1.93 per galion for barley. 'Operating costs include éorn or Bar1ey purchased
at $3.00 and $2.65 per bushei, Eespectively, freight to Fernley, maintenance
material, utilities, labor and certain misce]]anéoué expehses. Théy do not

: inc]tde operating the railside storage facility at Fernley and transshipment

of the feedstock to the process plant at Brady's Hot Springs.

The proposed project schedule encompasses a 25-month period from'inceptidh

. of preliminary design to commercial operation. Preliminary engineering,
detailed design; environmental permitting, procurement, construction and
b]ant start-up are included in the schedule. No procuremeﬁt of major equip-“
ment or construction of the facility will commence until all major permits

are'obtainad.

1-4
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"SECTION 2 . ,
INTRODUCTION - | )

. This section summarizes the scope of the feasibility study. It also presedts

- the design guidelines used on the project.

2.1 SCOPE OF WORK

Geothermal Food Processors, a subsidiary of the Andersen Group, presently

operates a vegetable dehydration facility adjaeenf to the propdsed aicqhdl

plant site. The plant is the nation's largest direct-use app]icatiqn of .
geothermal energy. During the 1979 processing season, over 27 millioh |

pounds of raw on1ons were dried using geothermal heat from the Brady

reservoir. The 1980 processing season, presently underway, is a1so proceed1ng < ﬁ

- on schedule and at the design production rate. : '.‘ %; :

In July 1980, Geothermal Food Processors received funding from the Department

'". of Energy under solicitation number DE-PAO1-80RA-50185 to investigate'

" the feasibility of fuel ethanol production at Brady's Hot Sprinss’nea;’
Fernley, Nevada. The proposed plant will utilize agricultural feedstocks .

and geothermal prdcess heat.

The feasibility study is divided'into four parts: ethanol plant design,’
geotherma] reservoir evaluation, feedstock assessment, product and by-product

. market1ng, and economic analysis. Morr1son-Knudsen Company, Inc., was

," retaihed by Geothermal Food Processors to develop a preliminary design

and coét estimate for the process plant'at Brady's Hot~Spring§. nAg-west,
Inc., of Sacramento Ca11forn1a, was ass1gned ‘the agr1cu1tural -related.
work, wh11e GeothermEx, Inc., of Berke]ey, Ca11forn1a served as the
geotechn1ca1 consultant. The economic ana]ys1s port1on was reta1ned ‘

2-1



;‘by'the Andersen Group and its consultants, Johan Wassenaar and Robin Grace,

with input from Morrison-Knudsen and other study participants.

_ Morrison-Knudsen completed its portion of the feasibility study in Septem-

- ber, 1980. Major study tasks included:

o: Prepare heat and material balances for the alcohol production facility.

-‘.: Describe the various unit operations required for alcohol production.

° Define feedstock and by-product handling requirements at the process
p]ant.A

° ‘Discuss the proﬁosed process heat supply system and define plant uti!-
ities. | | | |

:o .. Prepare a site plan illustrating relationship between the proposed al-

| cohol plant and the existing onfon drying facility. o

'o Estimate capital and operating-costé Qith an accuracy of pluslor,minus

30 percent. | - |

®  Present a preliminary project schedule.

2-2
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- 252 DESIGN BASIS

- Design guideiinés used in preparing the fuel ethanol plant portion of the

" feasibility study are listed below.

Alcohol Plant Capacity

The nominal fuel ethanol production rate is set at 10 million g&T]ons‘
per year (MMGPY). Although originally proposed as a 5 MM GPY pro-

ject, the Brady geothermal reservoir apparently has adequate capacity

to support a larger plant. Also, most of the feedstock will be im-

ported from neighboring states or the Midwest making a Targer plant .
more cost effective.

Alcohol Plant Operating Schedule

The fuel ethanol plant operates 3 shifts/day and 330 days/year

(7920 houré/year).
Feedstock |

The most economically viable feedstocks are corn and barley.

: Feedstock Composition

‘Typical corn and barley analyses used in preparing material balances

are detailed in Table 2-1.

. TABLE 2-1

| FEEDSTOCK COMPOSITION

Component - | Corn : Bar]gz
Starch - _72.00 Wt.% 65.79 Wt.%
Protein . . 10.12 o 14.2
Fat | : 4.59 | 2.13
Fiber 2.35 | 6.04

- .~ Other Solids : 9.53 8.71
TOTAL (Moisture Free Basis) = 100.00 . 100.00
Moisture Content L 15.5. = . 10..95

‘Weight per Bushel - - 56 o 48

2.3 .



Feedstock Storage

Storage capacity at the process plant is sufficient for 40 hours of
ethanol production. Most of the feedstock storage will be located

at the rail receiving facility in Fernley.

Product Properties

Physical properties of motor fuel grade ethanol are summarized in

Table 2-2.

TABLE 2-2
PROBUCT CHARACTERISTICS
Concentration in volume % ethanol - 99.5
weight % ethanol - 99.19
proof  ethanol - 199°
Specific gravity at 60°/F - 0.796
Pounds per gallon - : _ 6.642

Heat of combustion, anhydrous ethanol - 12,800 Btu/1b .
Heat of combusion, anhydrous ethanol - 84,747 Btu/gal
Heat of combustion, 199° proof ethanol - 84,060 Btu/gal

By-Products

Whole stillage cdntaining non-fermentable fiber, protein and dissol-
ved solids is recovered from the ethan01 production_process. The
suSpendgd fiber will be collected as stillage cake with a moisture
content of 65 percént._ The protein and other dissolved nonfermenta-
bles will be concentrated to 35 percent solids for marketing as
concentrated distillers solubles. Both by-products are so]d}as animal
feed. . If local markéts for stillage cake caﬁhot consume the amount
generated by the ethanol plant, the cake will be dried ana‘be]]etized.
"It can then be sold natiohwide or exported as distilfer(s dried grain -
without solubles.

2.4
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By-Product Storage

Storage requirements for the different by-proﬁucts are tabu]ated'in
Table 2-3. Distiller's dried grains are produced onlyfijlocal mar-

kets do not exist for stillage cake.

TABLE 2-3
BY-PRODUCT STORAGE
Type Days Production Stored
Stillage Cake _ 2
Concentrated Solubles 5

Distiller's Uried Grains (optioné]) 5

Extraneous Materials

Certain extraneous materials other than ethanol are produced in the
fermentation of sugar produced from the starch contained in-the
feedstock.- ‘These are fusel oils (a complex mixture of highér molecu-
lar weight a]éoho]s), yeast (saccharomyces cervisiaé) and 1ight~ehds
(primarily acetaldehyde). Approximately one pound-of acetaldehyde
will be formed per 1000 pounds of ethanol produced. Table 2-4 lists
the assumptions used in this study with regard to fusel oil formation

and Table 2-5, for yeast formation.

- TABLE 2-4 A
FUSEL OIL FORMATION
Gallons fusel oil formed per 1000 gallons ethanol - 5 .
Average molecular weight of fusel oil - 82.6
Specific gravity of fusel o0il at 60°F - '0.814
Pounds carbon dioxide formed in fusel oil :
reaction per pound fusel oil - 3.94

Analysis of typicdl fusel o1l formed from corn:

Component * Weight Percent
N-propyl alcohol , - 10.64
Isobutyl alcohol . i 11.09
Active amyl. alcohol ° £ 21.27
Isoamyl alcohol T T 54,27
Hexyl alcohol ' e 2.73

4 - - TOTAL - .100.00

1
S .
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- TABLE 2-5
YEAST FORMATION

Pounds yeast formed per pound ethanol -

0.08
Pounds water produced pe: pound yeast - 0.291
Pound carbon dioxide produced per pound yeast - 0.709

‘The yeast solids become a part of the plant by-products.

Denaturing

The fuel ethanol product will be denatured according to the U.S. Bureau
of Alcohol, Tobacco and Firearms' Formula CDA-20. This requires b]ending

' '55 gallons of unleaded gasoline with 100 ga]]ohs of 199° proof ethanot.

Site Data

- Plant Tocation is 4100 feet above sea level with a corresponding atmos-
pheric pressure of 12;5 psia. All equipment sizing is based upon local
atmospheric pressure. The facility is designed for seismic zone 4 due to

the'pfoximity of ground faults supplying geothermal fiuid.

Climatological Data

‘Cooling tower design is based upon a wet bulb temperature of 64°F with a
10°F cooling water approach and a 30°F cooling water range. The prevail-

ing wind direction is from the south-southwest.

Process Heat Supply

~ Geothermal fluid is obtained from ‘the Brady‘s Hot Spfingé reservoir aﬁ:a
temperature of 290°F. Experience with this low saiinity fluid indicates
that scaﬁing is minimal when pressure Within the distribuffoﬁ systgm is
high enough to prevent flashing and release of ndnéqndensib]e gases. A

typical, partial aha]ysis is found in Table 2-6.°

2-6
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TABLE 2-6
GEOTHERMAL FLUID ANALYSIS

Concentration

Parameter (mg/1)
Alkalinity 80
Arsenic 0.13
Bicarbonate 98
Calcium 43

. Carbonate 0
Chloride 1,100
Fluoride 52
Hardness 112
Iron ‘ 0.08
Magnesium 1
Manganese 0.01
Nitrate 0.0
Potassium. 42
pH 7.18
Sodium 827
Silica 140
Sulfate . 301

. Total Dissolved Solids 2,528

| Spent Fluid Disposal

—

Aftef removal of sensible heat, the spent geothermal fluid is rein-

jected to prolong reservoir life and prevent subsidence.

Process Water Supply

A co1d_water well is drilled near the plant site to provide process -
and cooling tower make-up water. Condensates are recovered from the

by-product evaporators to minimize outside make-up water requirements.

was§ewatér Treatment

FoT]owing'stabi]ization,in a sacondary treatment plant, plant waste<.

water is transferred to a transpiration pond'for absorption - into the .

‘desert or- evaporation.

2-7



Power Supply

“ Electric power: is obtained from Sierka Pacific Power Cdmpany's exist-
ing 120 Kv transmission line located adjacent to the proposed plant.
A new substation serving the ethan61 production faci]ityvi§ heceSsary
because the existing substation serving the onion dryér is-not large

enough to serve both plants.

Capital and Operating Costs

Thé cost estimates are based upon Augusf, 1980 dollars.

"2-8_
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SECTION 3°
PROCESS OVERVIEW

Section 3 lists the various unit operations requ%red'for ethanol production -
“and briefly diséhsses the generai processing scheme. ‘Material, energy and

" water balances are also found in this section.

- 3.1 "GENERAL

The -alcohol plant is sized to produce 10 MM GPY of motor fuel grade ethanol

from grain feedstocks. Tﬁgoretically, 2.92 gallons of anhydrous ethanol
~can be produced from a bushel of corn and 2.67 §a11ons from a bushel of
-4;bar1ey. However, competing side reactions and miscellaneous proces; 1os§es
| result in a practica] yield of 2.57 gallons per bushel of corn and 2¢061‘

) gallons per'bushel of barley.

.“The ethanol plant, in general, uses existing process techno]oéy currentiy

: empibyéd in grain alcohol plants. The production process consists of feed-
_sféék'storage and preparétion, mash cddking and saccharification,1férmenta¢

" tion, alcohol distillation including ethanol dehydration, by-product |
‘concentration, and by-product storage and shipping. Anci]]iary‘faqilitieé

Tnclude the geothermal heat system, cooling tower, and plant utilities. -

'-Feeds;ock préparation consists of size réduction<or milling. = The resultihg
meal is cooked and the‘stérch:present in the feedstock converted to ferment-
‘able ‘sugars. fd]lowﬁng'Saccharification, the mash is cooled aﬁd sent to

| fermentation; The sugars in the mash sIurfy are then fermented to ‘ethano]

" and the resulting beer tfansfefred to diSti]]atioh.where 190°'proof etﬁano]

is recovered from the enriching tower. The ethanol is dehydraféd in

3-]



additional columns to produce a 199° proof product. Residue from distilla-
tion, consisting of nonfermentable solids or stillage, is recovered and
sold as an animal feed. Suspended solids in the stf11age are separated_
into a cake by centrifuging, while dissolved so]ids‘are concgntrated by

multiple effect evaporation.

Unlike the concentrated solubles, stillage cake has a tendency to spoil if
stored longer than 48 hours. It also cannot be economically shipped ldng
distances due to its high water content. The northern Nevada cattle feed
market is not large enough to consume the quantities of sti]iage'cake pro-
duced by the ethanol plant. As a result, the cake will be dried from 65
percent to 10 percent moisture. Following pel1etizatioh, thé resulting

solids can enter the national and export feed supplement market for distil-

ler's dried grains.

‘The p]ént“operates'as a conLinuvus flow process exccpt for fermentation
which is operated batchwise to allow for frequent sterilization of tankage
and piping. A more detailed description of each unit operation is pre-

sented in Section 4.
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3.2 MATERIAL BALANCES

"~ Key material flows in a 10 MM GPY fuei ethanol plant are diagfammed'in‘Drawe

ing 66-0-001 for corn and Drawing 66-0-002 for‘barley; A1l of the values
shown on the material balances represent quantities expressed in pounds per

hour. They are based upon a plant operat1ng 24 hours per day and 330 days

. per year and do not 1nc1ude wet cake by-product drying.

4 Major plant inputs and butputs are summarized in Table 3-1. ExtraneouéA'

... products, consisting of fusel oil and light ends, are also shown on the

table. Fusel oil is blended into-the ethanol product while the 1light

ends are utilized in a-small boiler to generate a portion of the injection

- steam required in mash cooking.

- . In the formation of the extraneous products, a small amount of oxygen is

- required. = Since alcohol fermentation is an anaerobic process, the oxygen

required for these secondary reactions must come from oxygen present in

the water portion of the fermentation mash. This oxygen quantity is

"~ identified in the materials balance diagrams as "dissolved" oxygen;.

Because barley contains less starch thanrcorn on-a unit weighf,basis, the

baf]ey option results in a s]fghtiy higher process flow rate to pfoduce

ethahol at the design rate.. Barley also contains proportionally more non-

- fermentable solids than corn resulting in increased by-product production.
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TABLE 3-1

MATERIAL QUANTITIES

CORN OPTION

BARLEY OPTION

MATERIAL

‘DAILY - ANNUAL DAILY ANNUAL ‘
1. Plant Imports
A. Feedstock - 330 tons ’ 109,000 tons 343 tons 113,000 tons
Be Denaturanf Gasoline | ‘
(unleaded gasoline) 1,515 gal 500,000 gal- 1,515 gal 500,000 gal
C. Enzymes | 1.3 tons 429 tons 1.3 tons 429 tons
D. Yeast 400 1bs 66 tons 400 1bs 66 tons
2. Plant Exports
A. Principal Product !
(1) 1992 Proof Ethanol 30,300 gal ‘10,000,000 gal 30,300 ga1~ I0,000,000 gal
(2) Fusel 0i1 162 gal 53,460 gal 162 gal -‘53,460 gal
(3) Denaturant 1,515 gal 500,000 gal 1,515 gal 500,000 gal
(4) Total 32,000 gal 10,550,000 gal 32,000 gal 10,550,000 gal
B. By-Products _
(1) Concentrated Distil]ers. 116 tons 38,300 tons 149 tons. 49,200 tons
Solubles (35% Solids) | . S
(2) Stillage Cake, Wet: 145 tons . 47,850 tons 186 tons 61,400 tons
~ (35% Solids) ‘
(3) Chaff (Blend with Cake) 3.3 tons 1,089 tons 3.4 tons 1,122 tons
C. Light Ends | '1,1 tons 363 tons 1.1 tons 363 tons
D. Optional By-product |
(in lieu of Stillage Cake) |
DiStiTTers Dried Grains 60 tons 19,700 tons | 76 tons 25,000 tons

Without Solubles
(90% Solids)
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-3.3 ENERGY BALANCE

" Drawing 66-0-003 summarizes energy requirements for the corn feedstock

option, while Drawing 66-0-004 contains the bér1ey energy balance. The

- block diagrams show the amount of electric power, cooling Water, chilled

water, injection steam and geothermal fluid required in.the various:plaht

areas. Energy requirements for stillage cake drying are not shown on

~ the drawings but are reported separately below.

Electric power is purchased from the lTocal utility. Most of the process |

cooling requirements are met using 74°F cooling water. This water is

reused by recycling through a cooling tower. Low temperature proceés

. cooling needs require 80°F chilled water. The chilled water is produced

by é commérical refrigeration unit. Refrigefation power fs inéiudedtfn
the electrical load for fermentation where most of the chilled water
requiremént exists.  A small quantity of 100 psia injection steam is
needed for mash cooking. It is generated in a boiler bartia]ly fire&'by '

light ends recovered from distillation.

The remaining proéess heat'réquirements are met using 290°F fluid ffbm
the geothermal reservoir. Geothermal energy requirements aré converted

into fluid flows in Table 3-2. F]deréquirements are based Upohfa'f1uid

| sehsible heat temperature drop of 60°F. A pdrtion of spent f]uid:at"

230°F is used for space heating within the process plant. The remainder

“will be available for other cascading uses as they'become'idehtified.~_ A
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A TABLE 3-2

GEOTHERMAL FLUID REQUIREMENTS

A FLOW (GPM] —
OPERATION _ CORN OPTION BARLEY OPTION

" Mash Cooking and Saccharification 30 | -
Distillation , 1,130 1,130
Concentration : 836 © 800

 subtotal 1,99 1,961
Contingency _ | 254 289
Total . 2,250 2,250

Stillage cakeﬁdrying'increases the process heat requirement approximately

1300 Btu's per pound of water evaporated. There is also an increase in

the amount of electric power consumed. Dryer blower requirements result

{n‘an“édditidnal load of approximately 200 kw.

B The. geothermal fluid demand for stillage cake drying is 160 gpm“forAa

corn feedstock and 205 gpm for barley. The flow rates are based upon

~ reducing-the moisture content of thé.cake to 10 pefcent and a fluid sensible

: heatltemperéture chénge of 120°F. The existing onion dryer opéfated :

satisfactori]y under fhis fTuid4temperaturé range.
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3.4 WATER BALANCE

Water balances for corn and barley are detailed in Drawings 66-0-005 and
66-0-006. Condensates are recovered from the multiple effect stillage
evaporators. MWater losses include cooling tower evaporation and drift,
a small amount of prbcess waste and washdown and the moisture contained

" in the plant by-products. Although every effort has been made to use as
much hecyc]ed water as possible, a cold water well is necessary to supply

plant make-up water.

Well water introduced into the process to prepare a mashvslurry requireg.
"demineralization. Heavy metals and hydrogen sulfide are toxic to the
enzymes used in saccharifjcation and to yeast activjty in fermenfatfon{
Total hardness should not exceed 50 ppm. Cooling tower make-up Wétéf

quality requirements are less stringent but softening is necessary.

Liquid wastes from the plant contain high levels of BOD. Process waste-
water is stabi]ized.in a secondary treatment plant and transferred to a
percoliation pond fpr final disposal. Here, a portioﬁ of the aerated
‘waste is evaporafed, and the remainder allowed to.pekco]ate into the
soil. The overall system is designed for zéro discharge; no wastewater

is allowed to leave the plant site.
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SECTION 4
PROCESS DESCRIPTION

~This section discusses the various processing steps and unit operations required

' to produce fuel ethanol. The production process includes feedstock storage and

preparation, mash cooking and saccharification, fermentation, distillation,

- p}oduct storage and shipping, by-product concentration and by-product storage

and. shipping.- .

4.1 FEEUSTOCK RECEIVING AND PREPARATION

Most of the feedstock required for ethanol production will arrive by rail
in Fernley from the Midwest and neighboring states. Brady's,HotVSprings
" does not have railroad service. It is approximatley ten miles from the

Southern Pacific Railroad's main line.

Feedstock is traﬁsported from the primary storage facility at Fernley to
.the-.ethanol plant in end-dump trailer trucks. Brady is 23 miles east of

Fernley via Interstate 80. When available, locally grown_feedstocks will

be delivered directly to the plant. However,.Nevada currently does not

produce sufficient feedstock tofsupp1y‘a11 of the plant's requirements.

Upon arrival at the géte, the haul trucks are weighed using. the exi;ting
scale at the onion drying‘facility;' They then proceed to a dump station
'where'the tractor is disconnected and thg trailer elevated by a hydraulic

tilter. A conveyor transfers‘grain.from the dump hopper to a bucket
e]evqtorf ‘The e]eVator'supijes a bin,distributioﬁ éonveyor which feeds
| seven storage bins. Tota} storagé-capécityNis sufficfeﬁt for 42 tp‘44"

hours operation of the ethanol pTant, 'The high capacity feedstock receiving
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 equipment is sized to allow operation on one or two per day trucking

schedu]e.

The stored grain is cleaned and ground to prepafe it as a substrate'
for starch conversion and fermentation. Feedstock is withdrawn |

from storage at a rate based upon the 24-hour-per-day and 7-déy—per-
week ethanol plant operating schedule. It is conveyed from the

storage bins to a bucket elevator where it is lifted to.the preparation
plant surge bin. The surge hopper is sized to provide a nominal

holdup time of approximately four or five hours. Grain discharges |
from the surge hopper tb'a cleaner where materials foreign to the
phpcesstsuch as'sand and tramp metal are separated from the feedstock
stream. Light material or chaff picked-up from the cleaning screens is
 pneumat1ca11y conveyed to by-prbduct storage and shipping for mixing .
'with stillage cake. The grain suitable for processing is then cracked

in a hammermill and air transported to mash cooking and saccharification.

4-2

—



e

| pa

1

4.2 MASH COOKING AND SACCHARIFICATION
._fGrainI@eal from the preparation area is delivered to an elevated surge
~,bin The output from the bin is split and delivered to-one.éf iwo pro-
cessing trains consisting of weigh tank;, a mash mixing tank, a mechanical
mash cooking extruder and a saccharification vessel. A batch weigh
tank proVides an accurate record of the total grains used, while a conﬁin-
‘uous weigh tank provides an indication of the grain used within any given

" time period.

The cracked gfain from the continuqus weigh tank drops into an agitéted :
tank where proceés water is added to form a solution containing 40 |

percent moisture. Sulfuric acid is added to reduce the pH to 4.0 to 5.5.
The mash leaves the mix tank through a live bottom surge bin andiié‘force

fed to the cooker using screw conveyors.

Due-to the re]étive]y Tow température of the geothermal fluid, the Wenger
< continuous extrusion system is reéommended for mash éooking or gelatiniza-
tion. Unger/Seagram pipé]ine reactors, nofmally used for cooking in
modern plants, require a source of 150 psig, 365°F injection steam. In
the proposed eXtruder,}mechanica] energy is substituted for procesé heat
 decreas1ng the ]2;000 £u 14,000 1b/hr pipeline cooker 1njéétion steam
requirement to appproximately 2700 Tb/hr. Geothermal fluid is used for
_extruder barrel heating and supplies about one fourth of the total heat

requirement.

Although Wenger continuous extrusion systems have long been used in- the
commercial production of cereals, snack and pet foods, their introduction

into alcohol prodcution is ‘relatively new. A 1.5 MM GPY commercial unit

43



is présent1y being installed in North Pacific Energy Company's fuel
ethanol plant in Pasco, Washington. Plant start-up is scheduled for
" October, 1980. An additional 6 MM GPY unit has also been ordered for’

delivery later in the year.

Other advantages of the Wenger system include reduced saccharification
retention time, compatibility with additional feedstocks, and high yields.
" The shearing action of the extruder decreases the time required for sub- |
sequent starch conversion to as little as 10 to 15 minutes, minimizing
saccharification tankage. The extruder can process alternative feedstocks
such as cu]lvpotatoes with several changes to the feedstock handling and )
preparation system.' Modifications include construction of a slab storagé
area and installation of washing and additional conveying equiphent;
Installation of potato disintegrators is not necessary. Laboratory tésts
of bbth pilot‘and full-scale extruders have repeatedly shown higher yields
" than conventional processes. Use of Wenger equipment cbu]d slightly -
increase the practical ethanol yield used in the material balance calqula-

| tions discussed in Section 3.2.

_The cooked mash at approximate]y 200°AF from the extruder drops inté
saccharification tanks where enzymes. and dilution water are added. The
maké:db water primarily consists of recycled thin stillage or backset,
and evapdfator condensates from by-product concentration aloné with a
smqll-quantity of treated process water. The dilution water cools the
hot mash to 145° F for‘saccharffication. Following conversion, the

resulting glucose solution containing 17 to 18'percent fermentable sugars

is cooled to 80° F and contihuous]y.pumped to fermentation.
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4.3 "EERMENTFATION . ..« .
' .The:fermenters. are batch operated and consist of eight vessels afréhged

" in sets of four with one heat exchanger and circulation pump for each

set. Since cooling is needed for only about niné or ten hours out of the
48-hour fermentation cycle, one exchanger and pump serves the needeof
four fermenters. The fermentation tanks are filled over a six-hour period

with yeast and nutrients added along with the feed.

As the exothermic ethano] reaction proceeds to completion, the tempera-
ture in the fermenter gradually rises to a maximum of 95°F. Cooling is
provided during this peak fermentation period because yeast activity<
rapidly decreases at higher temperatures. Vessel contents ére ciréuiated
through the fermenter cooler which also serves to agitate the tank.l
Chilled water necessary for mash cooling will be produced by a cbmmekCial

refrigeration unit located near the fermenters.

At-the end of the fermentation perfod, the resulting beer is pumpéd‘to a
beer well and then transferred to disti]]ation. Sodium hydroxide is
added to the beer prior to introduction into the beer well to increasé pH
and allow use of carbon steel constructicn in downstream proceséing. Due
to their large size, the fermentér tanks are also constructed'u;ing éarbon

steel. Because they contain non-neutralized beer, a high corrosion allow-

ance is specified in lieu of stainless steel construction.

After each fermentation cycle, the fermenters are cleaned and steri]ized
using clean-in-place equipment. -Two high-pressure,<rotojet machines. are

installed in each tank. The fermenters are washed with a cleaning solution

~.and sterilized with an iodine solution in preparation for the next cycle.

45



Carbon dioxide produced during fermentation is vented fo the. atmosphere.
If a suitable market for this gas develops, carbon dfoxide can be re- -

covered and sold as a by-product.
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4.4 DISTILLATION

Fuél grade ethanol is separated from the dilute beer by distillation.
Stripping and rectificatidnAis separated into two columns to reducg indi-
vidual tower height for zone 4 Seismic requirements. Major equipment
1tem$ inciude stripping, enriching, dehydration and hydrocarbon striﬁping
thers;' Means are also provided for removal of the extraneous products.

A. Stripping Tower

" The dilute beer feed contains 7.6 weight percent ethanol and'7.to 9
weight percent solids. The solids consist of approximately equé]_
‘amounts of soluble énd suspended solids. The beer, which left the ‘
beer well at a temperature of approximately 90° F, undergoeé»twd
preheating éteps before it enters the first stage of distillation.
The first preheating step partially condenses the overhead yaporsl
from the enriching tower. Approximately 50 percent of the totay i
preheating is accomplished in this condenser-feed preheater. The‘

f warmed.beer then passes into the second heat exchanger where the
reméining preheét is completed using the whole stillage bottoms |
stream from the stripping co]ﬁmn. The saturated feed next passes
into a degassing drum wheré‘any carbon dio*ide dissolved in the feed
is flashed off. Any ethanol of water vapor, aécompanying the vented
carbon dioxide, is condénsedAin'é'vent condenser and returnéd;tq

the feed stream.

In the stripping tower, ethanol is ;tripped from the dilute beer.
The saturated feed‘entérs the top tray of'the-tower._ Because of the
high suspendedAsolids‘content’of the beer feed, disc and donuf-type

- trays will be uséd in the tower. These trays are effectiVe'contacting
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devices which tend to be self-purging and do not allow the builid-up
of solids which would block ordinary sieve trays. The special trays

are patented by Ralphael Katzen Associates International, Incorporated.

The non-volatile soluble solids and suspended solids in the beer

flow downward through the stripping section of the tower. A Qery
dilute ethanol stream, containing less than 0.02 weight percent
alcohol, is removed from the bottom of the tower. This whole stillage
stream, containing the dissolved énd suspended solids, then passes
through the stillage-feed preheater where its temperature is reduced
to approximately 165°F from 225°F. Solids in the stillage ére éoﬁcen-

trated for use as animal feed in another area of the plant.

Process heat is supplied to the stripping tower from the hot geotherm-

al f]uid. A reboiler is located at the base of the tower.

Enriching Tower

The enriching tower is designed to produce 190° proof ethdanul. IL

contains sieve trays and has a reduced diameter compared to the

stripping tower. Since the enriching column is simply an extension

of the stripping column, a reboiler is not required.

Ethanol-rich vapors pass overhead from the tower and are utilized
as a source of feed preheat by condensing a poftion of them in the

condenser-feedheater. The balance of this vapor is condensed using

cooling water in the final vapor condenser. The condensate from

both exchangers is collected in'a reflux drum and pumped back to the

top tray of the tower.
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The upper five trays of the'enriching column operate in neér]y total
reflux. The product from the tower is removed as a liquid side draw
about five trays from the top. The stream is then transferred to |

the mid-section of the dehydration tower.

Dehydration Tower

A hydrocarbon such as a benzene is added to the concentratéd“ethaho]-

water solution in the dehydration tower. The hydrocarbon breaks the

binary azeotrope allowing additional separation of the two compbnents.
Heat is suppiied to the base of the column through a reboiler hsing

geothermal fluid.

The bottoms stream from the terr is anhydrous motor fuel grade élco-
hol. The product stream has a concentration of 99.3 weight percent
ethanol with the balance being watef.l The product is first pdﬁped
through a cooler where its temperature is reduced to 100°F and then

to storage and shipping.

The overhead product from the dehydration tower is a ternary minimum

boiling azeotrope consisting of the hydrocarbon, ethanol, and water.

~The vapors are- condensed in a primary condenser which utilizes cool-

~ing water Lu remove the heat of condensation.’ The condensate then

basses to a reflux cooler where it is subcooled by cooling water.

Next, the subcoo]ed~liqu{d is transferred to a decanter.

The sqbcoo]ed 1iqufd entering‘the decanter separates 1nto two layers.
The hpper'layerAis the largest in volume énd‘is the hydrocafbon-rich
layer. The lower layer is a wafer-rich,_but contains sdme a]c¢ho]
and”hydrocarDOn."The-upper laygr3from.tﬁegdécanter is pUmped‘béck
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.to the top tray of the dehydration tower while the lower layer is

returned to the top tray of the hydrocarbon stripping column.

Hydrocarbon Stripper

- The hydrocarbon stripping column recovers the hydrocarbon and ethan-

ol present in the decanter bottoms to minimize process losses. Ther-
mal energy is supplied to the base of the tower by geothermal fluid

in a reboiler.

Overhead vapors from the column contain ethanol, water and the hydro-
carbon. They are condensed and returned through a reflux cooler to

the decanter. -

The bottoms stream from the hydrocarbon stripper is sent to the waste
water treatment plant. This aqueous stream contains less than 0.02

percent ethanol and only a trace of entrained hydrocarbon. Expected

‘hydrocarbon loss is less than 100 gallons per year.

Extraneous Products

In the fermentation process, certain extraneous products in addition
to ethanol are formed. These are primarily higher molecular weight
alcohols, known as fusel oils, and'light ends, consisting mostly of
acetaldehyde. Fusel oil and fight ends must be removed because their
presence would upset the equilibrium associated with the dehydration

and decantation steps.

The fusel oils have the property of being more volatile than ethanol
in dilute aqueous solutions, butvare less volatile in concentrated

solutions. Therefore, they tend to concentrate on some intermediate
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tray in the enriching tower. They can be removed from the tower as

'a liquid side draw. Following cooling, the side draw is transferfed

to the fusel o0il washer.

The washer consists of an exfraction tower in which the ethanel con-
tained in the fusel.oil mixture is recovered under reduced fempera-
ture by counter-currently contacting the side draw stream with cool-
ing water. The heavy aqueous stream, ccontaining the extracted etha-

nol is removed from the base of the washer. It is returned to an

intermediate tray of the stripping tower for ethanol recovery. The

11ghter fusel 0il stream is decanted from the top of the washer and_
pumped to a storage tank. The fusel oil has a heating va]ue and is
reblended into the product. Fusel oil has no harmful efféct-upon ‘

motor fuel grade ethanol.

Light ends are removed from the distillation system by'wifhdréwing a

very small phrge from the total reflux stream passing back to*the

top tray of the enriching towerf This purge stream cannot be reblended
into the product ethanol. The light materials tend to cause vapdr

lock whenever they are mfxed with gasoline. Therefqre, the ]ighf-‘
ends are pumped to an injection steam boiler where their fpe]'vq]ue

is recoyered.l The injection steam is used to aid mash cooking<as

discussed in Section 4.2.



4.5 PRODUCT STORAGE AND SHIPPING

Fuel grade ethandl from distillation is collected and temporarily stored
in one of two receiver tarks for precise measurement. Receiver tanks are
required by the U.S. Bureau of Alcohol, Tobacco and Firearms. Each tank
is sized for one days production. While one tank is being filled, the o

contents of the other can be checked for quality and quantity.

The 199° proof'ethanol is then pumped to the product storage area, which
is sized to hold five days production. During transfer, denaturant is’

. added to the ethanol at the rate of 5 gallons of unleaded gasoline per

- G

100 gaf]ons alcohol using continuous in-line blending equfpment.

-

The denatured ethanol will be shipped by truck to refineries for biending-_
with gasoline to produce gasohol. A loading station and associated meter- !
ing equipment is provided for loading the tank trucks. Product losses-
during loading and unloading are minimized by use of a vapor recovery

‘syStém.
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4.6, BY-PRODUCT CONCENTRATION

Whole stillage from distillation is first collected in an agitated surge

tank. It is then pumped through two c0ntinu6us]y operating Centrifugal
separators. The solid bowl centrifugals divide the flow into t@o frac-
tions: thin sti]laée containing 5-10 percent total solids and thick

stillage containing about 35 percent solids.

Part of tﬁe thin stillage is recycled to the mash mixing tank in the
cooking and saccharification area of the plant. This backset corres-
pondé to approximately 20 perggnt of thetotal thin stillage flow. The
remaining thin stillage is concentrated in a multiple effect evaporator

to about 35 percent dissolved solids.

The thin-stillage advanced to the evaporator drops into an agitated sufge
tank and is then transferred to the first effect of a three effect evapor-

atdr. The system is operated with forward feed. Geothermal fluid is

'uséd to supply the heat necessary to preheat the evaporator feed ahd-to

supply the energy necessary for first effect evaporation. Overheadﬁvabor
from this effect is condensed to supp&y the heat of evaporation‘for”the
second effectQ' In turn, second effect vapor is used to supply heat to‘
the third effect. Last effect‘Vapbr is condensed in a djféét contact

barometric condenser using cooling water. The other effects have surface

.type .condensers. The condensed vapors. from all three effects'aré a major

source:of process make-up water. Each effect operates at a successively
Tower temperature and pressure maintaihed by a vacuum pymp.A The pump,
which is located at the final vapor conaeﬁser;‘femovés ndnCohdensib]e
gases. from the system. Unifqrm liquor distribution within each evéporétor
vessel is maintaingd’by a recyc]e pump;; The thick syrup from the';hird
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effect is transferred to an agitated surge tank and then pumped to the

‘ concentrated solubles storége area.

Most of the fiber and other susbended solids leave with the thick stillage
fraction. This wet cake is conveyed to storage bins for direct sale as -

" an animal feed.

Thick stillage cannot be economically shipped long distances due to its

high water content. If local markets do not exist for the quantities of
stillage cake produced by the ethanol p]ant; the material will be dried

to.10 perfent moisture. It can then enter the national and export

‘market for distiller's dried grain.

If required, a horizontal belt conveyor dryer similar to the existing
installation at the onion drying plant is recommended for cake drying.
This equipment already has a proven record of success in geothermal

- service. Present plant employees also have operating and maintenance

experience with this type of equipment.

Rotary tube dryefs were considered for grain drying. They commonly use
steam inside tubes to provide process heat. Use of the geothermal fluid
in lieu of steam would considerably decrease the overall heat transfer A'~
coefficient and result in larger equipment than normaly necessary. The
cébita1 cost of a rotary tube dryer installation is significant]y higher
thén fhe proposed conveyor drying facility. Rotary dryers also have

highgr maintenance costs due to rapjd]y fouling heat transfer surfaces.
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BY-PROUUCT»STORAGE AND SHIPPING

The plant by-products are stillage cake and concentrated distillers

solubles. Both are so'd as is for animal feed.

The stillage cake from the centrifugés is transferred to one of three.
specially designed storage bins using a series of~conveyofs anq.q bucket
elevator. The elevated ;torage bins.haVe a total storage capacity'of
two days production. Storage of the wet material for longer than 48-

hours invites spoilage.

The cake is periodically discharged through specially designed clamshell
gates into haul trucks for delivery to area feedlots and dairies. Sixty
degree side slopes on each bin prevent material bridgiﬁg during truck

loading.

If the cake is dried and pelletized instead of shipped wet, standarg

A cylindrical bins can be used for storage. Standard pelletization, grain

hand]ing and loadout equipment will also be specified.

The concentrated distillers solubles (CDS) stream is a viscous liquid
which is -similar in appearance to molasses. - Unlike stillage cake, CDS is
storable. It also has a higher nutrient value and can be economically

Shibped gfeater distances.

CDS is hand]ed using conventiona] equipment designed: for molasses.sérVice.
It is pumped from the evaporation area to one of two storage tanst The
tanks provide a combined storage capécity of five days productipn.}_CDS
is then periodically transfefred to'ténk,trucks for direct delivery to

market or transshipment by rail.
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SECTION 5
ANCILLARY FACILITIES

Section 5 discusses the support services necessary for producing ethanol at

'Brady's Hot Springs. These ancillary facilities consist of the geothermaifheat

system and the plant utilities including water, wastewater, steam and compres-

sed air distribution.

5.1

GEOTHERMAL HEAT SYSTEM

A1l of the process heat needs can be met using low salinity fluid from the.
geothermal reservoir with one exception. Mash cooking requires a éma11
amount of high pressure injection steam. The temperature of the fluid is
not high enough to allow heat recovery via a flash steam process. The

steam required for the Wenger mash cooking process is only about five

- percent of the total process heat requirement.

Baéed’upon the reliable operation of the onion drying facility, sensible

- heat will be recovered from the geothermal fluid using shell and tube

heat exchangers at the proposed fuel ethanol p]ant, Carbon steel construc-.
tion-is used for all equipment and piping in contact with the Qéothérma1

fluid. Experience at the onion p]ént indicates that chlorides present in

- the fluid cause accelerated corrosion in stainless steel.

Scaling within the distribution system is prevented by keepihg the pressure
of the fluid above saturation. If the liquid is allowed to flash;lrelease

of carbon dioxide increases fluid pH resulting in carbonate precipitation. |

4
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A separate study was conducted by GeothermEx to confirm geothermal reservoir

capacity and evaluate well design. The assumptions used in preparing the

cost estimate for the fuel ethanol plant are discussed be]ow.l

Iflstillage cake drying is not required, the geothermal reservoir must
subp]y the fuel ethanol plant with 290°F fluid at a rate of 2250 gpm.
Fluid requirements for the unit operations in ethanol production are

sunmarized in Section 3.3.

Stii]age cake drying requires a maximum geothermal fluid flow of approxi-

mately 205 gpm. This flow rate is based on the same fluid temperéture

- drop found satisfactory for onion drying: a delta "T" of 120°F. The 10

percent contingency designed into the geothermal fluid production system:
provides adequate heat for cake drying without drilling of additional

wel]s.

The two production wells presently serving the onion drying facilities are
approximately 1200 feet deep. One of the wells is in standby service.

Each well is pumped at a maximum rate of 750 gpm using a line-shaft pump
set at a depth of 250 feet. Distribution system pressure at the dryer is
approximately 120 psig. This experience indi;ates that an additional

three wellsAshould be drilled to servé the proposed ethanol plant. The
existing’standby'well_fdr the dryer can also serve the new ethané] facility.

New production wells may be deeper than the existing wells.

Withdrawal of large amounts of geothermal fluid wi]]ilikely result in
‘réservoir depletion unless reinjecfion is practiced. The residual pressure

remaining in the fluid distribution system after heat exchahge is designed

5-2
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to be high enough to allow reinjection without additional pumping. AFof

.-the purpose of this feasibility study, two reinjection wells are'included

in the cost estimate. One well is assumed to be in operation, while the
other serves as a spare. The relative]y.small geothermal fluid sehsib]e
heat temperature drop may allow locating the reinjection wells relatively

close to the production wells without reducing the fluid supply-temperature.

A program will be developed for testing the proposed reinjection system

prior to final design. For a more detailed discussion of the geothermal

 production system, see Section 3 of Volume 2.
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5.2 UTILITY SYSTEMS

A.

Plant Water Syétems.

Even after recovery of evaporator condensates, the ethanol plant will
require approximately 200 gpm of process make-up water. As shown in
Section 3.4, the water is primarily needed for cooling tower make-up

and mash slurry preparation.

An existing well producing cold water of good quality is located
approximately one mile north of the plant site on land owned by others.
Preliminary discussions with the landowner indicate that satisfactory
arrangements can be made for drilling an additional well or wells near
the present we]i. However, exaét well locations and resulting water
quality are not at present known. Additional exploratory wofk by a

hydrological consultant is necessary.!

The degree of treatment depends upon the final use of the water. Water
introduced into the process to prepare a mash slurry should be deminer-
alized. ft should not contain aksenic or heavy metals which are toxic
to the enzymes used in saccharification and fermentation. Total hard-
ness should not ex;eed 50 ppm. Cooling tower make-up water quality

requirements are less stringent but softening will likely be necessary.

For the purposes of this feasibility study, all make-up water will be
sent through a lime-soda treatment plant. 'Following sand filtra-

tion to remove residual turbidity, the softened water will be used

directly for cooling tower make-up, chlorinated for use in the potable

water system and, after further treatment, used for process make-up.

1GeothermEx,‘Inc., future work.
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‘A mixed-bed ion exchange system followed by carbon absorptioh polish-
ing is recommended for the water used to prepare the mash slurry and

high quality injection steam.

In add{tion to the process and potable water loops, a fire proféction
water loop is required. The plant fire protection system~inc]uaes

a motor-driven fire pump, a diesel-driven fire pump and a motor-dri?en
Jjockey fire pump. The jockey pump maintains pressure in the fire
loop. In the event of a drop in loop pressure, the motor-driven :
fire pump is activated. The diesel-driven pump starts only ﬁpon a
continued loss of line preésure. Fire protection water'isﬁsforedAin
the bottom.portion of a combined process/fire protection watef storage

'tank.

The remainfng plant water lbops are for coo]ing‘and chf]]éd wafer. A
mechanical draft éoo]ing tower recycles warm water from the prﬁééss
heat exchangers- and returns it to the process at a maximumltempérature
6f“74°F. For lower temperature process cooling requiréments, 5. |
commercial refrigeration unit produces 40°F chilled water.’ Thexcost
of the refrigeration system is inc]uded in the fermentation équipmeﬁt
list. The largest chi]led.watér demand is found in the‘fermentation

operation. .

Waste Water Systems |

Process wastewater producfioﬁ is minimized in fuel efhahb] prdduction
by recycling as much water as'possjb]e within the plant. .Cdnfamihated'
water that canhot be returned to the proéess.fnc]udes fgrmentation

vessel washdown,'area wéshdowh,‘pump seal water, hydrocarbon étripper
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* bottoms, cooling tower blowdown and area washdown. Estimated waste

water quantities are found in Section 3.4. The small amount of

sanitary waste from the ethanol plant is not mixed with the process

waste. A septic tank and drain field is provided for sanitary waste

- disposal.

The proposed process water treatment system consists of flow equal-
ization, followed by secondary treatment and absorbtion/evaporation |

in a percolation pond. The overall system is designed for zero dis-

charge; no wastewater is allowed to leave the plant site.

The recommended treatment process is an oxidation ditch or carrouse]
raceway. This process is especially suited for treatment of wastes
when shock loads are common, where cold temperatures are anticipated
and where little operator attention is reqﬁired. It is a modification
of the complete mix, extended aeration process. The plant consists

of a shallow, concrete-lined channel with floating or rotor aerators.

Injection Steam System

The mash cooling operation requires a source of 100 psia steam. A
small, 100 Bhp steam generator is used to produce the required
amount of -injection steam. The standard commercial unit'iS‘equipped
with dual burners.capab]e of burning either a 1iquid or gaseous fuel.
The cost of the boiler packége is ihc]uded in the mash cooking and

saccharification area.

Approximately one third of the fuel required for steam production can

be met using the light ends c¢ollected in distillation. The difference
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~ Plant Air System

is supb]fed by propane. The onion drying facility has a surplus

30,000 gallon storage vessel and vaporizer which can be relocated.

In addition to the water loops, a plant air loop is required;‘ Com-
pressed air is needed for'gate and valve activation and for various

maintenance functions.

The plant air system consists of two compressors with aftercoolers,
two dryers, a central receiver and the pipe loop. One of the com-

pressars and dryers is in standby service.

- The dryer removes moisture from the compressed air down to a dew _

point of -20°F at Tine pressure. This prevents freezing during = -

'periods of cold weather.
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SECTION 6

D D RN N,

‘SITE LAYOUT

This section presents a preliminary site plan showing the relationship between
the fuel ethanol plant and the existing onion drying facility. It also discus-

1

ses the number and type of buildings required at the ethanol plant.

6.1 SITE PLAN
The ethanol plant and ancillary facilities are located on fee land'adja-
cent to the onion drying facility. Drawing 66-0-003 contains a prelimi-

nary site plan.

The 12 acre process plant site is located approximately 600 feet south-
east of the onion plant. Thé wastewater treatment facility is about SOO
feet north of the drying facility. Assumed geotherma1 prpduction ngl
"locations are found a]oné the eastern boundary of the property, whi]e in-
jection wells may be located south of the process piant. Exact well loca-
tions will depend upon a detailed reservoir evaluation. ! E]ectrica]‘poﬁer
is obtained from Sierra Pacific Power Company's main 120 KQ transmiséidn
line between Winnemucca and Reno. The existing feeder line to the onion

~ drying plant is rated at ]3.6'Kv. 'An additional substation for the ethanol
plant is located just south of the drying plant. The ethanol p]ant.cgoling
tower is lqcated north of the process complex because the prevailing

. wind is from the south-southwest.

Minimum site grading is required. The storm drainage system coﬁsiSts of

ditches, culverts and small areas of storm sewers; Plant roads and park-

ing areas arevaspha1t‘pavement with sections of concrete pavemeﬁt'at '
lgeothermEx, Inc., future wdrk. | - |

6-1



unloading/loading areas. Areas of the site disturbéd by construction, but
not occupied by buildings .or pavement, are graveled. A perimeter fence is

- provided around the process area.
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6.2 BUILDINGS
Process and utility equipment, with the exception of storage tanks and
bins, is enclosed in buildings for weather protection. Due to their
height, however, only the Tower portion of the distillation towers is
enclosed. The dryer and pelletizing buildings shown on the site plan
will not be required if suitable local markets can be developed for

stillage cake.

Additional buildings required for plant support include a control room,

a laboratory/changehouse, a plant maintenance shop, a warehouse and a
truck maintenance shop. Existing office space at the onion drying facil-
ity can also be utilized by ethanol plant managerial personnel. Addition-
al office space is located in the laboratory building. All buildings ex-
cept the control room are pre-engineering metal construction. The control

room is concrete block construction.
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SECTION 7
COST AND SCHEDULE

f Section 7 estimates the capital and operating cost of the fuel ethanol plant

'fatiBrady's Hot Springs. It also presents a preliminary engineering and con-

struction schedule -for project completion.

741

CAPITAL COST

The required capital investment needed for the process plant and ancillary .

~ facilities is summarized by unit operation or plant area in Table 7-1.

- The figures include a 5 percent construction contractors fee and a 20

o pefcent contingency. If stillage cake by-product drying is not required;i

the total investment at Brady's Hot Springs will total approximately.

" $21 million. This includes the process plant and ancillary fécilities,
but excludes additional agricultural, environmental, reservoir and preli-
Aﬁminary engineering studies. It also does not include project management.

jiCOhStPUCtiOH of a stii]age cake dryer and pelletizing plant would cost an .

~ additional $1.2 million.

| <;A1though a truck maintenance shop is included in the cost of the ancillary

: faci]itieé, feedstock and by-product haul trucks are not included in the -

estimate. The cost of the required feedstock storage faci]ity:at’Férnléy
is also not inciuded. ' Costs associated with feedstock transshipment are

being addressed in Volume 2 of this report.

The estimate is based upon the current’ price of majdr equipment items.
Equipment costs used .in the study are based upon verbal vendOr:qubtatjons,

. costs from previdus studies and data on hand. .The installed cost is then

7-1



-~ determined by applying factors to the cost df the -equipment. The accuracy
of the resulting estimate is plus or minus 30 percent. A detailed break-
down of the equipment costs and installation factors used in preparing

Table 7-1 is found in Apbendix 1.
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TABLE 7-1

— CAPITAL COST SUMMARY
C o IREA OPERATION
‘ -.O] FeedStbck handling and preparation
- 02 Mash cooking and éaccharification |
| 03 Fermentation
- 04 Distillation
{_ 05“ Alcohol storage and shipping
’ 06 By-product concentration
“i. " 07 | By-product storage and shipping
[ 08 Ancillary facilities
bt -Geothermal f]uiq‘production/reinjection system
;; Other anéi]]ary facilities
- SUBTOTAL PLANT -
- -

- 09 - Optional Stillage Cake Drying and Pelletizing
- . . GRAND TOTAL (AREAS 01 THROUGH 09)
}
|
g

7-3
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$ 1,147,700
3,538,700
1,804,800
1,835,600
883,600
2,028,700
1,134,900

3,200,000

5,470,600

21,044,600

1,200,000

$22,244,600 -



7.2 OPERATING COST

The annual operating cost of the fuel ethanol plant is tabulated in
Tables 7-2 and 7-3. The first table is based upon a corn feedstock

Awhile the second is for barley. The_operating cost summaries include

| feedstock, freight to Fernley, other raw materials, maintenance material,
utilities, labor and certain miscellaneous expenses. They do not include
operating the railside storage facility at Fernley, transshipment of
the feedstock to the process plant at Brady'é Hot Springs, and the addi-

tional 200 kw electrical demand required for stillage cake drying.

The ‘estimated total unit operating cosf is $1.82 per gallon of fuel

gthand] produced from corn and $1.93 per gallon from barley. The total
annual expenses are $19.1 million for the corn option and $20.3 million
for the barley alternative. Over 75 percent of the operating cost goes

toward feedstock purchase and transportation to Fernley.

Although the process plant operating cost for barley is slightly higher
than corn, the total sales revenue generatéd by a barley feedstock will
also be higher. As discussed in Section 3.2, the barley option produces
-greater amounts of by-product solids for sa]elas animal feed. The most
economical feedstock will also depend upon the by-product selling price
‘as well as the operating cost. By-product pricing is addfessed in Section

5 of Volume 2.

-Labor requirements énd<payr01] rates used in developing the operatihg cost
_eétimatekare found in Tables 7-4 and 7-5. The plant administfative staff

consists of the 16 people identified in Table 7-4. The operating labor
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force, described in Table 7-5, totals 61 people. This personnel require-

ment is based upon a three shift per day and seven day per week operating

- schedule. The salary or wage shown for each classification ié‘based '

upon average 1980 rates for Northern Nevada.

A payroll burden is added to direct 1abor costs developed from.Tablés'

7-4 and 7-5. Burden inc}udes retirement benefits, health insuranée; sick
leave, jury duty, Workmen's Compensation, Social Security System employer
contributions and safety clothing} A burden rate of}29'percent of direct

labor expenses is typical in the Western US éhemical indhstry.
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TABLE 7-3 ‘
ANNUAL OPERATING COSTS FOR. BARLEY. FEEDSTOCK OPTION

UNIT COST
. ~ * : : ($/Gallon PERCENT OF
ITEM ‘ BASIS : , ' ANNUAL COST Denatured TOTAL UNIT
. ' , - (Dollars) Ethanol) CoST
1. Raw Materials :
Midwest Corn (Exec. Freight) 109,000 tons @ 107.14/ton 11,678,600
Yeast " 67 TPY @ $.55/1b freight allowed 73,700
Enzymes and Nutrients 420 TPY @ $.80/1b freight allowed 672,000
170 TPY NH3 @ $240/ton freight allowed 40,800
50 TPY Diammonium Phosphate @ $330/ton FA 16,500
Sulfuric Acid - 66° BE 135 TPY @ $100/ton freight allowed 13,500
Caustic Soda - 50% Liquid 198 TPY @ $200/ton freight allowed 39,600
Unleaded Gasoline Denaturant 500,000 gal @ $1.2G/gal freight allowed 600,000
Subtotal 13,134,700 1.251 68.8
2. Feedstock Freight 109,000 tons @ $22/ton 2,398,000 - 0.22% 12.5
3. Ethanol Plant Maintenance Matl's
Plant Vehicle Gasoline 1500 gal/month @ $1.20/gal freight allowed 21,600
General Plant Maintenance 4% of equipment and field materials cost 340,000
Safety and Sanitation Allow $1200/Month 14,400
Chlorine(Pot & Cool Water Trtmt) 30 TPY @ $325/ton freight allowed 9,800
Cooling Water Treatment Ph control & phosphate trtmt @ $.05/100 GPM/hr 19,800
Laboratory Supplies Allow $1500/month 18,000
Office Supplies - Allow $2000/month 24,000
Roads, Grounds and Ponds Allow $250/month . 3,000
Vapor Recovery Carbon 2,000 1b Carbon/yr @ $.50/1b freight allowed 1,000
Biocide . (Iodine, Phosphoric Acid & Detergents) @ 15,600
$1300/month ‘
Subtotal 467,200 0.044 2.4
4. Utilities
Power : : 2300 kw, 7920 hr/yr @ $0.046/kwhr 837,900
Geothermal Fluid $50,000/yr lease royalty 50,000
Process Water : Allow $5,000/yr lease royalty 5,000
Propane , 660 gallons/day @ S.70/gal , 152,500
‘Subtotal _ . , R - 1,045,400 0.100 - 5.5
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' : TABLE 7-3 (cont]nued) _
ANNUAL OPERATING COSTS FOR’ BARLEY FEEDSTOCK OPTION '
UNIT COST

| o | - » ($/Gallon PERCENT OF
ITEM ~ BEASIS A o ' . ANNUAL COST Denatured TOTAL UNIT
g o "~ (Dollars) Ethanol) CoST
5. Labor - - :

Administrative ~ Table 7-4 315,000

Operating Table 7-5 1,082,600

Burden : 29% of Direct Labor (Admin plus Operating) 405,300

Subtotal : 1,802,900 0.172 9.5
5. Miscellaneous Expenses

Telephone : '$1,000/month | 12,000

Local Property Taxes 1.1% of total capltal investment 205,700

Insurance $0.20/$1.00 capital investment per year 37,400

Permits ' Allow $1500/yr for envir. permit fees 1,500

Subtotal = 256,600 0.024 1.3

7. TOTAL o 19,104,800 1.820 100.00

-1



| TABLE 7-4
ANNUAL OPERATING COSTS FOR BARLEY FEEDSTOCK OPTION :
| | | UNIT COST

~ : S S ($/Gallon PERCENT OF
ITEM A BASIS - : i ) ANNUAL COST = Denatured TOTAL UNIT
- ‘ ' : (Dollars) Ethanol) - COST
1. Raw Materials '
Western Barley (Exc. Freight) 113,000 tons @ 120.00/ton 13,560,000
Yeast : 67 TPY @ $.55/1b freight allowed: 73,700
Enzymes and Nutrients 420 TPY @ $.80/1b freight allowed 672,000
170 TPY NH3 @ $240/ton freight allowed 40,800
, 50 TPY Diammonium Phosphate @ $330/ton FA 16,500
Sulfuric Acid - 66° BE 135 TPY @ $100/ton freight allowed 13,500
Caustic Soda - 50% Liquid 198 TPY @ $200/ton freight allowed 39,600
Unleaded Gasoline Denaturant 500,000 gal @ $1.20/gal freight allowed 600,000
Subtotal ' 15,016,100 1.430 ' 74.1
2.  Feedstock Freight 113,000 tons @ $15/ton 1,695,000 0.161 8.3
3. Ethanol Plant Maintenance Matl's
Plant Vehicle Gasoline 1500 gal/month @ $1.20/gal freight allowed 21,600
General Plant Maintenance 4% of equipment and field materials cost 340,000
Safety and Sanitation Allow $1200/Month 14,400
Chlorine(Pot & Cool Water Trtmt) 30 TPY @ $325/ton freight allowed 9,800
Cooling Water Treatment Ph control & phosphate trtmt @ $.05/100 GPM/hr 19,800
Laboratory Supplies Allow $1500/month 18,000
Office Supplies Allow $2000/month 24,000
Roads, Grounds and Ponds Allow $250/month 3,000
- Vapor Recovery Carbon 2,000 1b Carbon/yr @ $.50/1b freight allowed 1,000
Biocide (Iodine, Phosphoric Acid & Detergents) @ 15,600
‘ $1300/month .
Subtotal 467,200 0.044 2.3
4. Utilities
Power . 2300 kw, 7920 hr/yr @ $0.046/kwhr 837,900
Geothermal Fluid $50,000/yr lease royalty 50,000
Process Water: S Allow $5,000/yr lease royalty 5,000
Propane . . 660 gallons/day @ 3$.70/gal 152,500
) ) ]

Subtotal ‘ | o | 1,045,400 0.100 5.2

8-L



ITEM

5. Labor
Administrative
Operating
Burden
Subtotal
Miscellaneous Expenses

7.

Telephone :
Local Property Taxes
Insurance

Permits

Subtotal

TOTAL

6-L

| S | r U { { I ! r- {
TABLE 7-4 (contlnued) ‘
ANNUAL OPERATING COSTS FOR BARLEY FEEDSTOCK OPTION '
UNIT COST
: ' _ ($/Gallon
BASIS ANNUAL COST  Denatured
~ (Dollars) -: Ethanol)
Table 7-4 315,000
Table 7-5 1,082,600
29% of Direct Labor (Admin plus Operating) 405,300
1,802,900 0.172
$1,000/month 12,000
1.1% of total cap1ta1 investment - 205,700
$0.20/$1.00 capital investment per year 37,400
Allow $1500/yr for envir. permit fees 1,500
256,600 0.024
1.931

20,283,200 -

PERCENT OF
TOTAL UNIT

COST

8.9

102
"~ 100.00



ADMINISTRATIVE STAFF

fposxfrom

General Manager-

.Commddities Manager

Office and Personnel Manager
Plant.Engineer

Chief Chemist

Accountant

“ Receptionist

Traffic Clerk

Secretaries ($9000 each)
Security Officers ($12,000 each)
General Clerk

Safety and Sanitation Supervisor

TOTAL

TABLE 7-4

NUMBER
REQUIRED

1
1
1

7-10

TOTAL ANNUAL
SALARY

$ 50,000
30,000
35,000
40,000
28,000
18,000
6,000
12,000
18,000
48,000

6,000
24,000
$315,000
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TABLE 7-5
OPERATING PERSONNEL

~ LOCATION | o CLASSIF ICATION
| Leadmen Operator "A" Operator "B"  Laborer

($12.50/hr)  ($8.50/hr) ($7.00/hr) . ($4.50/hr)
1. Feedstock receiving |
and preparation 0 4 0 0

2. Mash room and fermen- )
tation ‘ 4 ] . 4 4

3. Distillation and product .
storage 4 1 1 0

4, By-product concentration

and storage 4 0 1 O_
5. Laboratory 4 4 1 0
6. Maintenance 4 1 4 g |
7. Safety and Sanitation | 1 ' 1 1 ASS.
‘8. Total Personnel 21 BEERY: 12 16
9. Annual Wages §546,000  $212,160  $174,720  $149,760
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7.3 PROJECT SCHEDULE

The proposed project.sthedu]e encompasses a 25-month period from inception
of process engineering to commeriéa1'operatidn. The time allocated for
process and preliminary engineering, detailed design, environmental permit-
ting, procurement, construction and plant start-up is illustrated in

Figure 7-1.

Geothermal reservoir evaluation and development will‘ﬁroceed concurrently
) with process plant design. No procurement of major equipment or facility

cbnstruction will commence until all major permits are obtained. Work at

the railside feedstock storage facility at‘Fern]ey must be integrated into

an overall project schedule.
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TABLE 1

FEEDSTOCK HANDLING AND PREPARATION

- A, Major Equipment List

Item

- Truck Trailer Tilter

. Hydraulic Lift 25 hp

Storage Bin Bucket Elevator
3000 bu/hr
- 7.1/2 hp

Feedstock Storage Bins
15 ft dia by 32.5 ft high
cone roof and bottom.
(7 required)

- Roof-Distribution Conveyor
.- 3000 bu/hr :

15 hp

- Roof Catwalk

Steel Grating

" Feedstock Supp]y-Conveyor’

600 bu/hr - 5 hp

Preparation Plant Bucket
. Elevator - 600 bu/hr
2 1/2_hp

Feedstock Surge Bin
15 ft dia by 28 ft high
cone top and bottom

Grain Cleaner

600 bu/hr

- with chaff transport
‘air blower (2hp) and
tramp metal bin

Hammermill
600 bu/hr with surge bin
125 hp ,

‘Meal Transport Air Blower

8,000 cfm - 40 hp

Design
Conditions

amb

amb

amb

amb-

amb

- amb

amb

- amb

. amb

amb

"~ amb

1-1

Material of
Construction

CsS

CsS

CS

CS

CS
CsS

cS

)

)

cS

Estimated

. Cost

$60;000

14,000

- 95,000

23,600

9,200
12,400

8,100
9,000

9,700

15,200

18,100



Design Materials of Estimated

' It Conditions Construction Cost
Truck Dump Area Baghouse amb Mfr. Std. - $ 29,600
15,000 cfm .
30 hp fan
Preparation Plant Baghouse amb Mfr. Std. 13,300
5000 cfm : '
10 hp fan
TOTAL EQUIPMENT COST $317,200

B. Field Materials

Piping - $ 54,000
Equipment Foundations : 38,600
‘Miscellaneous Steel : 12,900
Instruments 2,600
Electrical ' 30,900
Insulation 1,800
- Paint 5,100

TOTAL FIELD MATERIALS COST $145,900

C. Bufldings and Structures

Enclosed Truck Dump $ 60,000
Grain Cleaning Building 62,500
| TOTAL BUILDINGS COST §122,500

D. Direct Labor

- Installation of Major Equipment $ 70,900
. Installation of Field Materials 51,200
'TOTAL DIRECT LABOR COST $122,100

E. Indirects

Payroll Burden $ 36,600
Field Supervision 9,800
Temporary Facilities 6,100
Construction Equipment 12,800
Small Tools - 3,700
Misc. Cost 1,200
Sales Tax 14,100
Freight . ' : 12,100
Engineering - 114,100
TOTAL INDIRECT COST $210,500
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Total Cost Summary - Feedstock Handling and Preparation

[ YRy N
[ ] L ]

Major Equipment
Field Materials ~

... Buildings and Structures

Direct Labor
Indirects

$317,200
145,900 -
122,500
122,100
_210,500
Subtotal $918,200
Contractor's Fee f‘44,900
Contingency | 183,600

- AREA TOTAL $1,147,700
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TABLE.Z

MASH COOKING AND SACCHARIFICATION

Major Equipment List

Item

Meal Cyclone Collector
8000 acfm

Meal Surge Tank

4-ft dia by 5-ft high

cone bottom

 Rotary Feeder Va]ve

900 cu ft/hr
1 hp
(2 required)

Batch Weigh Tank

4-ft dia by 4-ft high
cone bottom and scale
(2 required)

- Slide Valve

- Air-operated
(2 required)

Continuous Weigh Tank

9-ft dia by 9-ft high

.cone bottom and scale

(2 required)

" Rotary Feeder Valve

© 450 cu ft/hr
1 hp

" Mash Mixing Tanks

4-ft dia by 9-ft high

with Tive bottom surge bin

15 hp each -
'(2 required)

. Force Feeders

screw conveyor
-3 hp
. (2 required)

Design Materials of
AConditions Construction
amb | CS
amb CS
amb cS
amb CS
amb - CS
amb cs
amb "CS
_ 150°F 304 SS
 150°F 304 SS-
2-1.

Estimated

- Cost

$ 12,000

3,600

ﬁ3,600
. 3,400
- oo
26;?00
.3,606

Included
with Mash
Cooker

Included
with Mash

Cooker



_ Design Materials of Estimated
Item . - Conditions Construction Cost

Mash Cookers 200°F Alloy Steel $ 775,000
- 15,000 1b/hr ‘ :

250 hp mechanical extruder

with 90 psig steam injection

(2 required)

Conversion Tanks atm 304 SS ' 76,000
8-ft dia by 20-ft long 150°F : : _
(2 required)

Conversion Tank Agitators 150°F B 304 SS 24,000
25 hp
(2 required)

Surge Tank Feed Pumps 150°F 316 SS 3,600
140 gpm at 50 ft TDH
3 hp
(2 required)

Surge Tanks atm ‘ 304 SS 50,000 -
8-ft dia by 20-ft high 150°F
flat top and cone bottom
(2 required)

Surge Tank Agitators 150°F 304 SS 12,000
10 hp . |
(2 required)
Fermenter Feed Pumps 150°F - 316 SS 6,400
140 gpm at 150 ft TDH
10 hp
(2 required)
* Mash Cooler  ts-75 psig 304 SS - 17,300
5.8 MM Btu/hr 150°F :
- ss-50 psig CS
150°F |
Mash Chiller ts-75 psig 304 S5 11,000
2.0 MM Btu/hr 150°F o
ss-50 psig CS
150°F
Alpha Amylase Enzyme Tank atm 304 SS - 7,400
6-ft dia by 6-ft high 150°F

flat top and conical bottom
with 5 hp agitator

2-2
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. Alpha Amylase Pumps

Design
Conditions -

Item

. Beta Glucosidase Enzyme Tank atm

6-ft dia by 6-ft high 150°F
Flat top and conical bottom
with 5 hp agitator

150°F
Metering

0.25 gpm at 150 ft TDH

1/4 hp (2 required)

Beta Glucosidase Pumps
Metering '
0.25 gpm at 150 ft TDH
1/4 hp (2 required)

"Sulfuric Acid Pumps amb

Metering
0.25 gpm at 150 ft TDH
" 1/4 hp (2 required)

AInjection Steam Generator amb

3000 1b/hr 100 psia steam
with fuel tank (light ends)
and chemical treatment
(oxygen scavengening)

Fie]d Materials

~ Piping
‘Equipment Foundations

Miscellaneous Steel

-Instruments

Electrical
Insulation

—Paint

Buildings and Structures

“Direct Labor

.‘-InsfaTlation of Major Equipment
‘Installation of Field Materials

150°F -

TOTAL EQUIPMENT COST

$211,500
19,800
19,800
18,700
30,200
8,300

3,100
TOTAL FIELD MATERIALS COST

$150,000
' TOTAL BUILDINGS COSTS

$281,800

Materials of
Construction

304 SS

316 SS

316 SS

316 SS

Mfr. Std.

243,700 -

"TOTAL DIRECT LABOR COST.

2-3

"Estimated
.Cost

sj 7,400
3,000
3,000
: _.3’000
 45,000

$1,098,000

$311,400
$150,000

$525,500



E. Indirects

Payroll Burdens $157,700
~‘Field Supervision 26,300
Temporary Facilities 16,800
Construction Equipment - 53,100
Small Tools S 32,100
Miscellaneous Cost ‘ 21,500
Sales Tax : ‘ 49,300
Freight 28,200
Engineering . 361,100
‘TOTAL INDIRECT COSTS $746,100

F. Tbta] Cost Summary - Mash Cooking and Saccharification

1. Major Equipment $1,098,000
2. Field Materials 311,400
- 3s - Buildings and Structures 150,000
4. Direct Labor 525,500
5. Indirects 746,100 N
Subtotal ' $2,831,000
Contractor Fee 141,500
Contingency 566,200
AREA TOTAL $3,538,700
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TABLE 3

FERMENTATION
 A. Major Equipment List
| : Design
Item ' Conditions
~ Yeast Mix Tank atm
4-ft dia by 5 ft high - 120°F
flat top and dished bottom
~ Yeast Mixing Agitator atm
- 1-1/2 hp ‘ )
. Fermenters ) ' atm
- 26-ft dia by 26-ft high 120°F
cone top roof and s]oped bottom
(8 required)
Heat Exchangers ts-50 psig

-4 MM Btu/hr each | 120°F

. (2 required) ss~150 psig
: 120°F
Recycle Pump 120°F
900 gpm at 50 ft TDH
15 hp
(2 requ1red) ’
-Beer Well Pump : 120°F
250 gpm at 50 ft TDH
5 hp
Beér Well atm
26-ft dia by 26-ft high 120°F
~cone top and sloped bottom
"Distillation Feed Pump ©120°F
250 gpm at 200 ft TDH
.20 hp
~Sterilization Pump - 120°F
75 gpm at 150 ft TDH ‘
10 hp -
‘Sterilization Tank - © atm
- 7-ft dia by 7-ft high 120°F
- 'with 2 hp agitator :
'3-1

Materials of

Construction

304SS
304SS

cs

304sS
CS

316SS -

316SS
€S

31685
cs

cS

Estimated

Cost

$ 5,500
1,500
307,200
76,000
7,000
‘2;900
38,400
.2,400
~71,900

4,800 -



Item

Cleaning Pump
100 gpm at 150 ft TDH
.10 hp

Cleaning Tank '
. 7-ft dia by.7-ft high
with 2 hp agitator

Spray Cleaing Machines
(16 required)

sulfuric Acid Storage Tank
6-ft dia by 14-ft long
with mounting saddles

Sulfuric Acid Metering Pump
0.25 gpm at 150 ft TDH
1/4 hp

Caustic Storage Tank
- 8-ft dia by 16-ft long
with mounting saddles

Caustic Metering Pump
1 gpm at 150 ft TDH
1/4 hp

Water Chiller

600 ton refrigeration
system - 700 hp.

B.  Field Materials

Piping

Equipment Foundations
Miscellaneous Steel
Instruments
Electrical

Insulation

Paint

C. Buildings and Structures

~amb

atm
amb

amb

40°
chi
wat

Materials of

Conditions Construction
120°F | cs

atm CS

120°F

120°F 316SS

atm CS

amb glass-lined

316SS
cs
316SS
Mfr. Std.
1led

er

TOTAL EQUIPMENT COST

$102,000
- 9,500
9,600
9,000
14,600
4,000
1,500

TOTAL FIELD MATERIALS COST

$150,000
TOTAL BUILDINGS COST

Estimated

Cost

$ 1,900
4,800

- 36,000

'3,006
1,500
e
1,500

95,000,

$597,300

$150,200

$150,000
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A. Major Equipment $597,300
B. Field Materials 150,200
C. Buildings and Structures 150,000
D. Direct Labor 243,400
- E. Indirects 302,900
Subtotal
Contractor Fee
Contingency
3-3

Direét.Labor

Installation of Major Equipment

Installation of Field Materials

Indirects

Payroll Burden

Field Supervision
Temporary Facilities
Construction Equipment

- Small Tools

Miscellaneous Cost
Sales Tax

.. Freight
Engineering

‘Total Cost Summary - Fermentation .

$130,500
112,900

TOTAL DIRECT

$ 45,100
7,500
4,500
4,000
9,200

- 6,200
22,800
19,600

184,000

LABOR COST

- TOTAL INDIRECT COSTS

AREA TOTAL

$243, 400

$302,,900

$1,443,800
72,200

288,800
$1,804,800
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‘,A; Major Equipment. | ist

Item

" Whole Stillage Pump

250 gpm at 100 ft TDH
10 hp

: Overhead Condenser-Feed

" Preheater 4
6.9 MM Btu/hr

- Stillage-Feed Preheater

6.3 MM Btu/hr

1. Final.Vapor Condenser

8,1 MM Btu/hr

- Stripper/Rectifier Reboiler
' 18 MM Btu/hr

Degasser Drum
3 ft dia by 3 ft high
Stripping Tower Reboiler Pump

3,500 gpm at 50 ft TDH
60 hp .

"~ Stripping Tower
- 78-in diameter

76 disc and donut trays
~ 57-ft shell height

‘Enriching Tower

66-in diameter
22 perforated trays

41-ft shell height

TABLE 4

DISTILLATION

Design

Conditions

250°F

ts-50 psig
200°F

ss-15 psig .

250°F

ts-15 psig
250°F
ss-50 psig
200°F

ts-50 psig

. 250°F
ss-15 psig

250°F
ts-30 psig
250°F
ss-125 psi
350° :

15 psig
250°F

250°F

15 péigA
250°F .

15 psig
250°F

4-1

Materials of

Construction

316SS

304SS

cS

304sSS
304Ss

CS
)

CS
CS

(Y

DI

304SS shell
and trays

~ CS shell
CS trays

Estimated
Cost

'$ 3,200
17,000

16,000

8,600

34,500

1,500
6,000

77,500

42,500




Item

Degassing Vent Condenser
0.1 MM Btu/hr

Enriching Tower Relux Pump
100 gpm at 80 ft TDH
5 hp :

Rectifier Vent Condenser
0.5 MM Btu/hr

Stripping Tower Reflux Pump
30 gpm at 80 ft TDH
1 hp

Rectifier Reflux Drum
5-ft dia by 4-ft high
Dished  Heads

Product Cooler
0.5 MMvBtu/hr

Dehydration Tower Reboiler
14 MM Btu/hr

Dehydration Tower Reboiler Pump

3,000 gpm at 50 ft TDH
50 hp

Dehydration Tower
66-in diameter
50 perforated trays
~ 18-in tray spacing

Product Pump
25 gpm at 100 ft TDH
3 hp

Dehydration Condenser
13 MM Btu/hr

Design

Conditions

ts-50 psig
250°F
ss-15 psig
250°F

175°F

ts-50 Psig
250° F
ss-15 psig
250°F

250°F

15 psig
250°F

ts-50 psig
250°F
ss-15 psig
250°F

ts-30 psig
250°F

ss-125 psig

350°F
250°F

15 psig
250°F

250°F " .

ts-50 psig-

250°F
ss-15 psig
250°F

4-2

Materials of

Construction
304SS
cS

DI
CS
CsS

DI
CsS

)
cS

'S
cS

DI

CS shell
CS trays

DI

€S
CS

Estimated

_Cost

1,800

1,300

" 3,000

1,000
3,400

2,000
18,000

6,000
80,000
1,200

24,000
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Item

Dehydration Vent Condenser
1 MM Btu/hr

Decanter

4-ft dia by 5-ft high

dished top head and cone bottom

~Dehydration System Reflux

- Cooler
1.7 MM But/hr

vStfipper Feed Pump -

-8 gpm-at 90 ft TDH
1/2 hp

Dehydration Reflux Pump
150 gpm at 120 ft TDH
10 hp '

Hydrocarbon Stripper
24-in diameter
30 perforated trays

Stripper Reboiler Pump
. 500 gpm.at 50 ft TDH

10 hp

Hydrocarbon Stripper Reboiler
2.4 MM Btu/hr '

FusélAOil Cooler
A =10 sq ft .
Heliflow Type .

- Fusel Qi1 Washer-

12-in dia by 15-ft high

with 18-in dia by 12-in -high
settling drum and skirt bottom

Design _ Materials of

Conditions Construction
ts-50 psig CS
250°F

ss-15. psig CS

. 250°F

15 psig | cs
100°F ’

ts-50 psig : CS
250°F

ss-15 psig CS

- 250°F

100°F DI
100°F DI

15 psig CS shell
250°F CS trays
250°F _ DI
. ts-30 psig cs
250°F

ss-125 psig CS
350°F -

ts=15 péig | Cs
250°F

ss-75 psig ¢S
250°+ ' ‘

15 psig cs
100°F

4~3

" Estimated
Cost

24,000
2,700

5,000

900

.900

16,000

3,000

. 5,200
1,000

- 2,200



TOTAL INDIRECT COSTS

Design Materials of Estimated
Item Conditions Construction Cost
Wash Water Pump 100°F DI 600
-3 gpm at 100 ft TDH
1/4 hp
Fusel 011 Storage Tank atm cs 2,500
4-ft dia by 4-ft high 100°
Fusel 0il1 Pump 100°F DI 1,000
Metering :
0.25 gpm at 100 ft TDH
1/4 hp
| TOTAL EQUIPMENT COST $396,600
B. Field Materials -
Piping $125,700
Equipment Foundations 34,900
Miscel laneous Steel 6,700
Instruments 28,600
Electrical 2,800
Insulation 79,000
Paint ' 4,900 ,
TOTAL FIELD MATERIALS COST $282,900
C. Buildings and Structures $48,000 B
TOTAL BUILDINGS COST $48,000
D. Direct Labor '
Installation of Major Equipment $ 59,100
Installation of Field Materials 257,500
TOTAL DIRECT LABOR COST $316,600
E. Inqire;ts ‘
Payroll Burden $ 95,000
Field Supervision 25,300
Temporary Facilities 15,800
Construction Equipment 30,400
Small Tools 18,400
Miscellaneous Cost 5,100
Sales Tax 23,800
- Freight 20,400
- Engineering 190,200
| $424,400
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?. Total Cost Summary - Distillation

A.
: B.
c.
D.
E.

Major Equipment
.Field Materials
Buildings & Structures

Direct Labor
Indirect Costs

$396,600
282,900
48,000
316,600
424,400
Subtotal
Contractor fFee
Contingency
AREA TOTAL
4-5

$1,468,500
- 73,400

293,700

$1,835,600



.Receiver Pumps

TABLE 5

ALCOHOL STORAGE AND SHIPPING

A Méjor Equipment List

Item

Ethanol Receiver Tanks
18-ft dia by 18-ft high
.cone roof and flat bottom

(2 required)

250 gpm and 100 ft TDH
10 hp
- (2 required)

Denatured Ethanol Tanks
20-ft dia by 25-ft high
~cone roof and flat bottom

(3 required)

Gasoline (Denaturant) Tank

12-ft dia by 24-ft high
cone roof‘and flat bottom

Vapor Recovery System
dual bed, carbon adsorbtion unit

Design

Conditions

- atm

amb

- 100°F

atm
amb

atm
amb

amb

with chilled solvent recovery system
11 hp (total vacuum pumps and blowers)

Tank Truck Loadout 100°F
- with 300 gpm pump,
7-1/2 hp and meter
B. Field Materials
~ Piping $ 63,800
Equipment Foundations 46,000
Miscellaneous Steel . 8,600
Instruments 25,400
Electrical 8,900
Insulation 2,400 -
Paint 7,700 .
TOTAL

5-1

Materials of
Construction

S
316 SS
cs

CS

Mfg. Std.

- 316SS
(pump)

TOTAL EQUIPMENT COST

FIELD MATERIALS COST

Estimated

Cost

$35,600
6,400
78,000

10,400

150,000

20,000

$300,400

$162,800



Buildings and Structures | $7,000

TOTAL BUILDINGS COST $7,000

Direct Labor |
Installation of Majbr Equipment $12,800
Installation of Field Materials 51,300

| TOTAL DIRECT LABOR COST $64,100

Indirects |

Payroll Burden . $ 19,300
. Field Supervision : 3,200
Temporary Facilities 1,300
Construction Equipment o 20,100
Small Tools 10,100
Miscellaneous Cost - 8,000
Sales Tax 16,000
Freight 6,900
Engineering 87,700

TOTAL INDIRECT COST - $172,600

Total Cost Summary - Alcohol Storage and Shipping

A. Major Equipment $300,400
B. Field Materials 162,800
C. Buildings and Structures 7,000
D. Direct Labor 64,100
E.  Indirects o 172,600

Subtotal . $706,900

Contractor Fee 35,300

Contingency 141,400

AREA TOTAL $883,600

5-2
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BY-PRODUCT CONCENTRATION

;fA.' Major Equipment List

Item

"Whole Stillage Tank

"14-ft dia by 14-ft high
Cone roof and flat bottom

Whole Stillage Agitator
50 hp -

Whole Stillage Pump

250 gpm-at 60 ft TDH
77]/2 hp

- Centrifugal Separators

solid bowl type
125 hp each
(2 required)

_ Thin Stillage Tank

- 14-ft dia by 14-ft high
cone roof and flat bottom

Thin Stillage Agitator
10 hp .

" Thin Stillage Pump

225 gpm at 60 ft TDH
5 hp

A‘Evaporator Feed Heater

3 MM Btu/hr

“Second Effect Condensate Pump

60 gpm at 40 ft TDH

S hp
.Th1rd Effect Condensate Pump

60 gpm at 80 ft TDH
"2 hp.

| Evaporator Condensate Tank

12-ft dia by 12-ft high
cone roof and flat bottom

- TABLE 6

Design

Conditions

atm

" 180°F

180°F

180°F

atm
180°F

180°F

180°F

ts-50 psig
250°F

ss-125 psig

350°F

250°F

190°F

atm
200°F

6-1 .

Materials of
Construction

CS

CS.

DI

Mfr. Std.

CS

cs

DI

-~ 304SS
CS

DI

DI

CS

Estimated

_ Cost

$ 11,500

118,000

~ 1,600

440,000

17,500

11,500
1,500

10,000

1,800

1,000

8,600



Item

Cooling Water Return Pump
2000 gpm at 50 ft TDH
40 hp

First Effect Heat Exuhanger
24 MM Btu/hr

Second Effect Heat Exchanger
24 MM Btu/hr

Third Effect Heat Exchanger
24 MM Btu/hr

Evaporator Condenser, Direct
Contact
27 MM Btu/hr

Vacuum Pump
75 1b air/hr at 4-in Hg abs

Evaporator Flash Drum
© 1st effect
60" dia x 120" high

Evéporator Flash Drum
2nd effect
.. 72" dia x 144" high

Evaporator Flash Drum
3rd effect
108" dia x 216" high

Evaporator Circulation Pumps
3500 gpm at 25 ft TDH
50 hp each

- (3 required)

Concentrated Solubles Tank
6-1/2 ft dia by 6-ft high
cone roof and flat bottom

Concentrated Solubles Pump
25 gpm at 100 ft TDH
1 hp

Design

Conditions
125°F

ts-20 psig
250°F

ss-125 psig
350°F

ts- -3 psig
190°F

ss-20 psig
250°F

ts- -12 psig
125°F ‘
ss- -3 psig
190°F

Full Vacuum

125°F

20 psig
250°F

-3 psig
190°F

Full Vacuum
125°F

225°F

atm
125°F

125°F

6-2

Materials of
Construction

DI

CS
)

304Ss
CS

304sS
CS.

CS

CsS

CsS

CS

(A

DI

CsS

DI

Estimated

Cost

$ 4,000

33,000
33,000
33,000

10,500 -

1,500

5,900

8,300
17;2do
'20,700

5,800

1,100
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Item

Second Effect Condensate

Flash Pot
‘16-in dia by 24-in h1gh

. dished heads
l‘Third Effect Condensate

Flash Pot
16-in dia by 30-in h1gh
dished heads

Evaporator Vent Condenser
2.6 MM Btu/hr

~ Vacuum Pump

10 1b air/hr at 4-in Hg abs

" Wet Cake Transfer Conveyor

16,000 1b/hr, 2 hp

" Condensate Cooler

3.0 MM Btu/hr

Design Materials of

Conditions Construction
20 psig )
250°F

-3 psig . CS
190°F .
ts-50 psig CS
250°F

ss-20 psig Cs
250°F

200°F CS
180°F CS
ts - 50 psig 304sS
200°F-

ss - 50 psig - CS
200° F

" B. Field Materials

Piping

Equipment Foundations
Miscellaneous Steel
Instruments
Electrical

Insulation

Paint

C.. Buildings and Structures

D. Direct Labor

~Installation of Major Equipment
Installation of Field Material

TOTAL EQUIPMENT COST

$70,500
4,100
12,400
10,400
13,800
11,700
1,000

TOTAL FIELD MATERIALS COST
$120,800
" TOTAL BUILDINGS COST

$105,100
161,300

3 TOTAL DIRECT LABOR COST
6-

Estimated

Cost

$ 800
1,100
3,200

- 900
. 4,800 _

10,000

$711,600

$123,900

$120,800

$266,400



. - Indirects

Payroll Burden - $ 77,300
Field Supervision 21,300
Teniporary Facilities 10,400
Construction Equipment - 15,500
Small Tools _ 6,900
Miscellaneous Cost 1,600
Sales Tax 33,500
Freight : 24,400
Engineering 209,400

Total Cost Summary - Concentration

A.
B.
C.
D.
E.

Major Equipment $711,600

-Field Materials 123,900
Buildings & Structures 120,800
Direct Labor 266,400
Indirect Costs 400,300

Subtotal
Contractors Fee
Contingency

6-4

TOTAL INDIRECT COST

AREA TOTAL

$400,300 - .

$1,623,000
81,100

324,600 .

$2,028,700
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TABLE 7

BY-PRODUCT STORAGE AND SHIPPING :

Major Equipment List

Materials of

Design
[tem Conditions Construction

Concentrated Solubles - atm CcsS
Storage Tank 125°F '
18-ft dia by 26-ft high
cone roof and flat bottom
(2 required)

~ Concentrated Solubles 125°F CS
Agitator, 25 hp
(2 required)

‘Tank Truck Loadout 125°F Mfr. Std.
with 300 gpm transfer '
pump, 7 1/2 hp

Wet Cake Supply Conveyor 180°F CS
16,000 1b/hr :

2 1/2 hp

Bucket Elevator 180°F )
16,000 1b/hr
11/2 hp

Roof Distribution Conveyor 180°F Cs
16,000 1b/hr, 2 hp '

~Roof Catwalk amb- Cs
steel grating

~ Wet Cake Storage Bins atm cs
elevated double pyramid 180°F (epoxy-lined)
12-ft dia midsection by ‘

.. 20-ft hiyh by 25-ft long
(3 required) ‘

-Loadout Gates amb cs

- clamshell type 180° F
ajir-operated '
(3 required)
| TOTAL EQUIPMENT COST

7-1

'Estimated
Cost

$ 44,700

19,200
10,000
5,400

7,000

5,100
8,000
395,000

(erected)

40,000
(erected)

$534,400



D.

E.

Field Materials

Piping

Equipment Foundations
Miscellaneous Steel
Instruments
Electrical

Insulation

Paint

Buildings and Structures

Direct Labor

Installation of Major Equipment
Installation of Field Materials

Indirects

Payroll Burden

Field Supervision
Temporary Facilities
Construction Equipment
Small Tools
Miscellaneous Cost’
Sales Tax

Freight

Engineering

Total Cost Summary - By-Product Storage and Shipping

$ 38,400

27,400.

9,200
4,000
22,000
1,300

3,700
TOTAL FIELD MATERIAL COST
$ 0
TOTAL BUILDINGS COST

$ 50,900

36,700
TOTAL DIRECT LABOR COSTS

$ 26,300
7,000
4,400
9,200
2,600
| ,U00

10,000
8,700
110,600

TOTAL INDIRECT COSTS

A. Major Equipment $534,400

B. Field Materials 106,000

C. Buildings and Structures 0

D. Direct Labor 87,600

E. Indirects 179,900
Subtotal

Contractors Fee
. Contingency
AREA TOTAL
7-2 |

$106,000

$ 87,600

$179,900 -

$907,900
45,400

$1,134,900
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TABLE 8

ANCILLARY FACILITIES

Major Equipment List

Pumps - 4700 gpm at 100 ft TDH
150 hp (2 required)

'Process Water Distribution amb

Pumps - 250 gpm at 100 ft TDH
10 hp (2 required)

" Process/Fire Protection Water amb

‘Storage Tank

50-ft dia by 34-ft high

2 hrs fire water reserve

32 hrs process water recserve
cone roof and flat bottom

" Diesel-Driven Fire Pump amb

1000 gpm at 335 ft TDH
125 hp

Motor-Driven Fire Pump amb
1000 gpm at 335 ft TDH
125 hp
‘with 2 hp jockey pump

n . Materials of

. Desig
. Item Conditions - . Construction
Diesel Fuel Storage Tank atm | CS
10-ft dia by 32-ft long amb
underground installation
Gasoline Storage Tank atm )
8-ft dia by 20-ft long amb -
underground installation
iVehicu]ar Fueling Island amb Mfr. Std.
gasoline and diesel fuel
dispensers 1/2 hp each
Cooling Tower | 64°F Treated Redwood
70 MM Btu/hr Wet bulb
10°F wet bulb approach
30°F cooling water range
100 hp fans (2 required)
Coo]1ng’Water Circulation 74°F CcS

CS

(Y

CS

cS

o8l

Estimated

Cost -

$ 9,800
5,500
2,000

163,000
22,700
1,600

© 78,700

19,000

8,400



Design

Item . Conditions

Potable Water Tank amb,
8-ft dia by 16-ft
high

- Potable Water Pumps 'amb

60 gpm at 90 ft TDH
3 hp

Process Water Treatment amb
Plant
225 gpm
cold lime-soda process

Waste Water Screen 125°F
48-in wide hyperbolic

Waste Water Pumps 125°F
50 gpm at 231 ft TDH
5 hp (2 required)

Plant Air Compressors -20°F
reciprocating ' dewpoint
120 cfm at 110 psig
30 hp with dryer
(2 required)

Plant Air Receiver 125 psig
30-in dia by 8 It high

Process Make-up Water/Boiler amb
feedwater polisher
mixed-bed ion exchanger
with carbon absorption
final step 100 gpm

Field Material

Piping

Concrete

Miscel laneous Steel
Instruments
Electrical
Insulation

Paint

$1

11,400

8-2

Materials of

Construction

cS
cS
Mfr. Std,
316 SS
Cs

Mfr. Std.

cS

Mfr. Std.

TOTAL EQUIPMENT COST

13,700
45,500
45,500
19,400
28,400
22,700

Estimated

Cost

$ 4,500

1,200

82,000

4,500

2,000

40,600

2,800

120,000

568,300

TOTAL FIELD MATERIALS COST $286,600



c.

DI

. . E.

Design

Item | 4 Conditions

Bui]dings & Structures

Laboratohy/Changehouse
5,200 sq ft

Truck Maintenance Shop

6,000 sq ft

. Warehouse & Plant Maintenance Shops

12,000 ft

Control Room
1,000 sq ft

Process and Fire Water Pumphouse
and Process Water Treatment Plant
3200 sq ft

Capitalizable Expenses

Spare Parts
3% of major equipment

cost all areas
" TOTAL SPARE PARTS
Office & Shop Costs

Furniture

Laboratory Equipment
Telephone Installation
Shop Equipment

Lockers

TOTAL OFFICE AND SHOP COSTS

‘Mobile Equipment

Sedan

"Pick-ups (3 required)

Front-end Loader
Fork Lift

TOTAL MOBILE EQUIPMENT COST

Materials of
Construction

$260,000
312,000
270,000,
100,000

72,000

TOTAL BUILDINGS COST
$125,000
$125,000

$ 25,000
5,000
50,000
100,000

5C,000

$225,000 -

$ 9,000
30,000
15,000

__15,000
$ 69,000

Estimated .

_Cost

- $942,000

TOTAL CAPITALIZABLE EXPENSE COST  $419,000

Difect Labor

Installation of Major Equipment

4Insta11ation of Field Materials

$104,500

81,800

TOTAL DIRECT LABOR

8-3

' $186,300



F.

~

Design

Item Conditions

Indirects

Payroll Burdens

Field Supervision -
Temporary Facilities
Construction Equ1pment
Small Tools
Miscellaneous Cost
Sales Tax

Freight

Engineering

Geothermal Heat System

Geothermal Production Wells 290°F
8-in dia ‘
3500-5000 ft depth
(3 required)

Reinjection Well .230°F

8-in dia
3500-5000 ft depth
(2 required)

Drilling Estimate
mobi t1zation/demobilization
drilling contract
casing, cementing services
site geologist
drilling engineer

Geothermal Fluid Pumps 350°F
750 gpm
150 hp
(3 required) -
Geothermal Fluid Supp]y 300°F
and Spent Fluid Discharge
Lines
10-in dia pipe

$

Materials of
Construction

56,000
14,900
- 9,300
28,600

5,600
1,900
30,000
25,600

688,400

TOTAL INDIRECT COST

CsS

CS

TOTAL GEOTHERMAL HEAT SYSTEM COST

8-4

Estimated
_Cgst

$860,300

Per drilling

estimate

Per drilling

estimate

$ 150,000
1,750,000
~ 350,000

© 78,000
32,000

$ 75,000

$ 125,000

$2,560,000
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ItemA

Other Major Systems

Process Water Well
- 300 gpm with 40 hp
lineshaft pump

'Procéss Water Supply Line

- 4-in diameter

Process Water Well
pump electric
power supply

¢
Process Water Loop
4-in diameter

Potable Water Loop
2-in diameter

Fire Protection Water- Loop
8-in diameter

Wastewater Treatment. Plant
Carrousel Raceway
50 gpm, 3000 ppm Bod
25 hp aerators

(2 required)

Percolation Field
4 acres

~ Septic Tank and Leach

Field
12500 gallons/day

Site Clearing and Drainage
tlectrical Power

Distribution
3000 Kva

Yard Lighting

Roadways and Parking '

50,000 sq yds

Propane Storage Tank
and Vaporizer
30,000 gallons
relocate existin
equipment - '

Design Materials of
Conditions: Construction
amb ‘ --
amb CS
amb Mfr. Std. -
60 psig ' FRP
60 psig ' FRP
150 psig FRP
120°F4 | Concrete Channel
amb : Permeable Fill
amb : - FRP
amb Mfr. Std.
amb ’ Mfr. Stdo
amb Asphé]t |
Paving
200 psig s

8-5

. Estimated
Cost

150,000

" Included

with well
cost
43,000

40,000
120,000
80,000

148,000

100,000

10,000

1u0, 000

248,000,

38,000
127,000

710,000

TOTAL OTHER SYSTEMS COST 3T,114,000



I. Tota1}Cqst Summary - Ancil]ary Facilities

1.
2.
3.

40, )

5.
6.
7.
8.

Major Equipment

Field Materials
Buildings and Structures
Capitalizable Expenses

Direct Labor

Indirects
Geothermal Heat System
Other Major Systems

$ 568,300
286,600 | -
942,000 .
419,000 -
186,300 |
860,300 .

2,560,000

1,114,000

Subtotal $6,936,500
Contractor Fee ‘ 346,800
Contingency w _1,387,300
AREA TOTAL $8,670,600
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