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ABSTRACT

Production of ethanol from potatoes, sugar beets, and wheat using geothermal
resources in the Raft River area of Idaho was evaluated in this study. The
south-central region of Idaho produces approximately 18 million bushels of
wheat, 1.3 million tons of sugar beets, and 27 million cwt potatoes annually.
A 20-million-gallon-per-year ethanol facility has been selected as the largest
scale plant that can be supported with the current agricultural resources.

The conceptual plant was designed to operate on each of these three feedstocks
for a portion of the year, but could operate year-round on any of them.

The processing facility uses. conventional alcohol technology and uses geo-
thermal energy for all process heating. There are three feedstock preparation
sections, although the liquefaction and saccharification steps for potatoes
and wheat involve common equipment. The fermentation, distillation, and by-
product handling sections are common to all three feedstocks.

Maximum geothermal fluid requirements are approximately 6,000 gpm. It is
anticipated that this flow will be supplied by nine production wells located
on private and BLM lands in the Raft River KGRA. The geothermal fluid will
be flasged from 280°F in three stages to supply process steam at 250° F, 225° F,
and 205 F for various process needs. Steam condensate plus liquid remaining
after the third flash will be returned to receiving strata through six in~-
jection wells.

The capital cost estimated for this ethanol plant employing all three feed-
stocks is $64 million. If only a single feedstock were used (for the same

20 million gallon per year plant) the capital costs are estimated at $51.6
million, $43.1 million, and $40.4 million for sugar beets, potatoes, and
wheat, respectively. The estimated capital cost for the geothermal system is
$2] million. Economic analyses which include escalation indicate the alcohol
production cost is very sensitive to feedstock costs. The three feedstock

" concept is not economically attractive if significant amounts of expensive
field run potatoes must be purchased. A wheat-only 20-million~gallon-per-
year facility would yield a reasonable return on investment for a current
alcohol selling price of less than $1.75 per gallon. The cost of geothermal-
derived steam is about $3 per million Btu's, which is considerably less than
purchased steam costs derived from oil or gas fuels.

The results of this evaluation study suggest that a commercial-scale geothermal-
alcohol facility in the Raft River KGRA is technically feasible and could be
economically attractive, given the current state and federal gasohol tax in-
centives. There are, however, institutional constraints which would make the
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implementation of a 20 MM gpy plant difficult in the relatively ﬁndeveloped
Raft River Valley. These constraints include limited manpower and community
service resources, limited transportation access, a critical groundwater
shortage, and a potential problem in obtaining rights to adequate geothermal
resources. A smaller-scale facility (5 to 10 MM gpy) would be more appropriate
for immediate implementation in this area. :

144




ACKNOWLEDGEMENT

The authors wish to express their appreciation to the following people and

- their organizations for providing information to us during this project:

Robert Chappel, DOE
" Michael K. Tucker, DOE

Keith W. Jones, (DOE Technical Representative)
EG&G Idaho, Imc. ‘

C. A. Allen, EG&G Idaho, Inc.

S. Petty, EG&G Idaho, Inc.

S. G. Spencer, EG&G Idaho, Inc.

M. R. Dolenc, EG&G Idaho, Inc.

Jim Jacoby, EG&G Idaho, Inc.

J. E. Driscoll, EG&G Idaho, Inc.

R. J. Schultz, EG&G Idaho, Inc.

Frank Glover, Glover Construction Co., Burley, Idaho

Gary Crook and Howard Crook, Town and Country Gardens,
Idaho Falls, Idaho

Gerald Murphy, Potato Growers of Idaho, Blackfoot, Idaho'
Paul Butler, U&I Sugar Co., Idaho Falls, Idaho

Lou Scarborough and Joe Rainwater, American Potato Co.,
Blackfoot, Idaho )

Bill Chapman, Idaho Supreme Potatoes, Firth, Idaho

Claude Johnson, Upper Snake River Valley Beet Growers
Association, Wapello, Idaho

iv

(i') R S

r— lf"ﬁ‘[ilw‘w - r o rCr r- e



r

r

1

" Section

CONTENTS

INTRODUCTION AND SUMMARY

1.1 Introduction

1.2

Summary

DEFINITION OF CURRENT ETHANOL PRODUCTION TECHNOLOGY
(Task 1)

Feedstock Requirement

Feedstock Preparation
Saccharification and Fermentation
Anhydrous Ethanol Production
By-Product Processing

DEFINITION OF GEOTHERMAL RESOURCE REQUIREMENTS
(Task 3)

3.1
3.2

3.3

Process Conditions

Establishment of Geothermal Water Flow
Requirements ‘
Study of Physical and Chemical Constraints -

CONCEPTUAL DESIGN OF GEOTHERMAL ENERGY GATHERING,
TRANSFER AND DISPOSAL SYSTEM (Task 4)

CONCEPTUAL DESIGN OF ALCOHOL FACILITY (Tasks 2 and 5) .

5.1

Well Field Design

Geothermal Water Gathering System
Energy Extraction System
Geothermal Water Disposal -
Resource Property Variations
System Optimization

Description of Overall Facility

- Beet Processing — Section 100

Potato Processing — Section 200

Wheat Processing —-Section 300

Fermentation and Alcohol Recovery — Section 400
By-product Recovery - Section 500

Utilities and Offsités — Section 600

Geothermal Energy Requirements

5-13
5-18
5-23
5-35
5-40
5-43




CONTEWTS (Continued)

Section

ECONOMIC ANALYSIS OF GEOTHERMAL ALCOHOL SCHEME
(Task 6) ’ . :

6.1 Capital Costs
6.2 Operating Cost Analysis
6.3 Economic Evaluation

PRELIMINARY IMPLEMENTATiON PLAN FOR DEMONSTRATION
FACILITY (Task 7)

Program Goals
Information Transfer
Technical Demonstration:

NN
. 2 &
W N

SITE INSTITUTION REQUIREMENT FOR DEMONSTRATION
PROJECT (Task 8)

Feedstock Availability
Environmental Effects

Resource Leasehold Arrangement
Procedural Considerations

00 00 00 00
. L] .
S2WON

APPENDIX A — References

vi

8-12
8-15

[””"(l“” r— ¥ r ¥~ ¥y r— O r

r—




.

.

5-10

 5-11

- 5-12

5-13

ILLUSTRATIONS

Well and Pipeline Location - Raft River Area

Block Flow Diagram — Wheat Processing

Block Flow Diagram — Potato Processing
Block Flow Diagram — Sugar Beet Processing

Location Map of Proposed Well Locations

Geothermal Steam Extraction System

20 MM Gal/Yr Nominal Ethanol
Plot Plan

20 MM Gal/Yr Nominal Ethanol
Plant Perspective

20 MM Gal/Yr Nominal Ethanol
Sugar Beet Processing

20 MM Gal/Yr Nominal Ethanol
Potato Processing

20 MM Gal/Yr Nominal Ethanol
Wheat Processing

20 MM Gal/Yr Nominal Ethanol
Sugar Beet Fermentation

20 MM Gal/Yr Nominal Ethanol
Potato Fermentation

20 MM Gal/Yr Nominal Ethanol
Wheat Fermentation

20 MM Gal/Yr Nominal Ethanol

Sugar Beet Alcohol Recovery

20 MM Gal/Yr Nominal Ethanol
Potato Alcohol Recovery : .

20 MM Gal/Yr Nominal Ethanol
Wheat Alcohol Recovery ‘

20 MM Gal/Yr Nominal Ethanol

Facility —

Facility -

Facility —
Facility —
Faciliﬁy-—
Facility —
Facility —
Fécility -
Faciiity -
Facility —
Faéiiity -

Facility~—

Sugar Beet Alcohol By-product

20 MM Gal/Yr Nominal Ethanol
Potato Alcohol By-product

vii

Facility —

2-10
2-11
2-12

4-3
4=5

54

5-10
5-16
5-21
5-25
5-26
5-27
5-31
5532
5-33
5-36

5-37




Figure
5-14

-~ 5-15

ILLUSTRATIONS (Continued)

20 MM Gal/Yr Nominal Ethanol Facility —
Wheat Alcohol By-product

20 MM Gal/Yr Nominal Ethanol Facility —
Off-Sites ’

Alcohol Price/Steam Cost Sensitivity
Cropland Map of Region Around Raft River Valley

Land Ownership Map in the Vicinity of the
Raft River KGRA

viii

5-38

5-41
6-17

8-2

8-13

W"”(I"*"' .y ¥ oy et o re ror N o



"o

r

T - _r .
C

Table

2-1
2-2

2-3
3-1

5-1

5-3
5-4
5-5
5-6
5-7
5-8
5-9
6-1
6-2
6-3
6-4

7-1

TABLES

Scope of Work

Recent Wheat Production in South—Cenfral Idaho

Recent Sugar Beet Production in South-Central
Idaho

Recent Potato Production in South-Central Idaho
Expected GeotHerma1~F1uid Properties

Average Composition of Sugar Beet (Clean)
Principal Design Bases — Sugar Beet Processing
Average Potato Composition (Clean)

Principal Design Bases *'Potéto'Prbcessing
Average Wheat Composition (Clean)

Principal Design Bases — Wheat Processing
Principal Design Bases — Fermentation
Principal Design Bases — Alcohol Recovery

Geothermal Energy Requirements

Construction Capital Cost Estimate Summary
Capital Cost Summary — Base Case
Estimated Annual Direct O&M Costs

Alcohol Price Sensitivity to Economic Parameters

Implementation Plan Elements

Environmental Regulations and Permits Potentially

Applicable to a Geothermal-Alcohol Project

6-12

7-2

8-16




.

-

N
i

" r r
C

Section 1

INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

 The existence of extensive geothermal resources in the United States

. represents an untapped potential energy source to supplement available

fossil fuels. High temperature geo;hermal resources (>350°F) will most

- likely be used to generate electricity. However, such high temperature

resources are limited. Extensivefstudies by the U.S. Geological Survey

and others have shown that lower temperature resources are much more

. abundant.  These lower temperature geothermal resources are suitable

for direct use. -A number of direct applibations for space heating and
agricultureiuseé’are currently inbékisfence; These applications by their
naturé are limited to energy consumption.at or near the geothermal source.
For this stﬁdy, the use of geothermalfenérgy'for the production of ethanol
was evaluated. Geothermal resources are used to convert renewable
resources to a mobile energy form to supplement our automotive fuel

requirements.

This technicél'and economic. evaluation of ethanol production using geo-
thermal resourcesnwas initially direétédfto a'site area adjacent to the
Deﬁartment of Energy Réft—Ri§e£ Test“fécility. The locations of the
properties owned by Messrs.\G.”Crooki?et al. and Frank Glover referred

to in this study are sdenrih Figure 1-1. The sité specific area was
éxpanded during the study fo:endompasg more promising geothermal resource

zones in the Raft River Known Gebthérﬁal Resource Area (KGRA).
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This study was divided into nine major tasks to:

e Evaluate the availability of farm products in the Raft
River region to produce ethanol

o - Provide the necessary conversion process

e . Establish the conditions and availability of the geo-
thermal resource

e Provide an economic analysis

e Determine institutional requirements for commercial
operation ‘

The nine tasks, including all of the subtasks, are shown in Table 1-1.

The study was begun on Jﬁiy 2, 1979. This final report covers the work
accomplished from the ihéeption of the project to mid-May 1980 when the
draft final report was delivered to DOE. Uﬁon receipt of their comments

in July, the final report was issued in August 1980. Section 2 describes
work accomp}ished in Task 1. Sectioﬁs 3 through 8 correspond to their
respective task numbers, with Task 2 work (process flow diagrams) presented

in Section 5.

1.2 SUMMARY

The Raft River KGRA in south-central Idsho is known to have extensive low
salinity geothermal fluid. Itrhas been establishéd that this formation
can yield 290°F (143°C)<geothermal fluid at a-well deﬁth of 5000 feet
(1500 m). Test wells drilled in the KGRA indiéate that the temperature
conditions, fluid properties andvéfoducfion flows appear to be compatible
with the major energy needs of a commercial scale ethanol p;oductionr
facility. | - | |

The southfpentral agricultural regibn'of Idaho is a major producer of wheat,

sugar beets, and potatoes. Over the past few years, the total production

of each crop in the counties around the KGRA has been sufficient to support
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Task 1

Task 2

Task 3

Task 4

Table 1-1

SCOPE OF WORK

Define Current Ethanol Production Technology

1.1 Feedstock Requirement

1.2 Feedstock Preparation

1.3 Saccharification and Fermentation
1.4 Anhydrous Ethanol Production

1.5 By-product Processing

Process Flow Diagram Preparation

2.1 Establish Process Conditions and Scope
2.2 Prepare Alternative PFDs for Selected Feedstocks

2.3 Establish Process Requirements

Definition of Geothermal Resource Requirements

3.1 Process Conditions ,
3.2 Establishment of Geothermal Brine Flow Requirements
3.3 Study of Physical and Chemical Constraints

Conceptual Design of Geothermal Energy Gathering, Tranmsfer,

and Disposal Systems

4.1 Well Field Design

4.2 Brine Gathering System

4.3 Energy Extraction System
4.4 Brine Disposal o

4.5 Resource Property Variations

4.6 System Optimization
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iTask 5 —

Task 6 —

Table 1-1 '(Continuea)'  V

‘Conceptﬁal Design of Alcohol Facility

5.1 Definition of Overall Facility
5.2 Preparatibn of Process Equipment Specifications

5.3 Establish Facility and Equipment Lists

Eéonomic Analysis of Geothermal-Alcohol Scheme

6.1 Capital Cost Estimate

- 6,2 Operating Cost Analysis

Task'7 -

Task 8 —

Task 9 .=~

. 6.3 Economic Evaluation and Comparison wifh Other

Energy Sources

Implementation Plan for Demonstration Facility

7.1 Define Program Goals -

7.2 Information :Transfer .

7.3 Technical Demonstration-

Site Institution Requirement for Demonstration Project

8.1 Feedstock Availability

“8.2 Environmental Effects

8.3 Resources'Leaséhbld'Arrangemént

8.4 Procedural Considerations

'Final Réport




a commercial-scale ethénol production fagility. Based on discussions with
property owners and farm‘groups, it appears”that this region can support a
20-million-gallon-per-year ethanol,productioh facility, and we selected

this size facility at a specific Sité in the Raft River KGRA for our tech-

nical and economic evaluation.

Because of the feédstdck'supply;&émand situafion, we decided to use a multi-
crop feedstock concept for the design of the production facility. The pro-
cessing sequence described in this report is based on processing potatoes
for five months, sugar beets for four months, and wheat for three months

of the year. The plant has the theoretical capability of processing any
one of the three feedstocks all year round, producing 20 million gallons
per year., In each year, however, crop productions and prices would dictate
the actual processing mix and run duration of each so that the feedstock
having the lowest cost per gallon of ethanol production would be processed
for the longest period. For example, if -potatoes were too expensive, then
fhe process run on wheat would be extended. Sugar beet acreage would have
to be contracted a year in advance through the beet growers' association.
Thus, the process run time on sugar beets would be essentially fixed before

planting time.

Conventional technology was used in the design of both the alcohol produc-
tion facility and the geothermal energy extraction system. This conven-
tional technology approach was selected to facilitate rapid implementation
of a commercial-scale geothermal-alcohol facility, thus avoiding new or

unproven processes that would require substantial development efforts.

The geothermal energy system was designed to supply all of the process
heating requifements. The maximum geothermal fluid requirement will be
about 6,000 gpm at a well-head temperature of 280°F. This flow would be
supplied by nine production wells, spaced on centers no closer than one-
quarter mile to prevent mutual interference. A geothermal well layout
developed by EG&G Idaho, Inc. suggests drilling wells along four identified
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or:infefred fault:izones would provide the: best:ichance.of successfully:

. sproducing the%geothermaquluidirequired§Byﬁtheﬁfaéility;(%)“

[ i} (r -

Geothermal -
2fluid -gathered-from the:production-wells would be piped to a-three-stage

r

flash csystem:on the:plant isite, . The fluid: would be flashed suécessively .
: ,..,;:;to,:.producer:steamatz;-250‘.‘F;::i225‘2‘F;v:»and»':‘-200:‘to 205°F-for various process’
&J , needs:siGeothermal3steam§condénsate from the:proceéss;:plus the remaining-:
fluid-from:the: third flash; would'be filtered and pumped to six wells for

i; injection;into sthe iformation. = :All-process heating would-be indirect except
for .direct steam:injection in potato:and wheat cooking. @ .=
%‘! et ?".,m;-_j; i taErvgTiosviey oo e Uy Bl ey e

The alcohol production scheme selected involves several basic steps:

|
.

Feed preparation —-prlmarily cleaning, size reductlon,
=sand . slurry: preparation e BL ndd s Tto qeo

et Starch liquefaction and saccharificatlon to producek
» «:fermentable sugars: (except for beets)

r-

)

'*gBatch fermentation of the sugar solutions to ethanol

N

inie ifStillageEseparation"andlevaporation

r

Y
]

|

¢ Bylproduct solids drying

Sugar beets do not need to undergo a sacchariflcation step The beets do

e

go through ‘2 sliclng step and a hot water extractlon step to separate the 1
sugar from the beet solids (pulp) The resulting beet sugar solution would
be’ concentrated by evaporation to 20 percent weight sugar prlor to fermenta-
tion to correspond with the sugar content of the solutlons resultlng from '

potato and wheat processing.

. )

Fermentation, distillation,'and by-product handling sections of the plant

N o

would be common to’ a11 three feedstocks. The product alcohol would be
virtually 200° proof Dry by-product solids would be sold as an animal
I8 feed supplement.

C
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Geothermal energy requirements would average about 158 million Btu's per
hour or about 62,000 Btu's per gallon of ethanol produced. Beet processing
into ethanol is the most energy intensive of the three feedstock processing
options. Process heat rejection also would be significant. A nonconsump-
tive cooling water system waé incorporated in the conceptual'design to mini-
mize the plant's demand for water resources in this critical groundwater-
short area. Cooling water from five 1,500 gpm capacity groundwater supply
wells would be pumped through process coolers and then injected through
three 2,500 gpm capacity wells into the shallow aquifer without consumptive
use. Air coolers would be used where practicable to minimize the cooling

water flow requirements.

The constructed capital cost of the 20—mil1ion—galion—per-year, three
feedstock ethanol production facility was estimated at $64 million (first
quarter 1980 wage and price levels). Single feedstock plants of the same
capacity were estimated at $51.6 million, $43.1 million, and $40.4 million,
respectively for sugar beets, potatoes, and wheat. The capital cost of
the geothermal facility was originally estimated as $18 million based on
an optimistic drilling success rate in a quarter section (160 acres) plot
close to the conceptual plant site. The estimate was revised to $21 million
based on a well layout scheme (provided by EG&G) which disperses the nine
production wells along known or inferred fault zones. Costs for four
unsuccessful production wells were included in the revised estimate. The
conceptual alcohol facility would be located on a 55-acre plant site to
which the geothermal fluid would be pumped through a gathering network of
buried insulated pipe.

Annual direct operating and maintenance costs, excluding feedstock, for
the geothermal-alcohol facility were estimated at $12.7 million (first
quarter 1980) or about 60¢ per gallon of alcohol produced. By-product
solids sold at $100 per ton is equivalent to a 35.5¢ per gallon credit.
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EeedstockfpxicesvWillzbeyfhezmostxsignificant'factor;influéncingfthe:cost;
fInitialffeedstockaprices~used;in~this,studyfand»”

of .producing alcohols*
approved. by DOE.were: .

o' Sugdr beets at $25 per fon

3*; Potatoes ‘at $1 5 'per cut "

e Dy i »,:‘:;-7 N

Wheat ‘at “$4.20 per bushel
fuwwrnns ontanoproduced s

G0l LnE T

~

“$1.03 per gallon of alcohol
= produced . : :

$1 23 Per gallon Of alCOhO]_ LTl
sw-produced ¢ o o

$1.41 per gallon of alcohol B

On-a.-4/5/3 month.feedstock:processing basis, :the current day .cost of prodic-

ing:alcohol i(excluding-capital charges) atthese optimistic feedstock iprices

would be.$1.46 per:gallon; including the:by-product credit. .-

In February 1980,

DOE recommended what were considered more realistic feedstock costs:

o' “‘Sugar beefs at $31 per ‘ton = §1.28 per gallon of alcohol

e e
Lk

‘‘e" Potatoes at $3 per ‘ewt

bRy

NEO S oG inE

" Yo i ot S SN
SRS R EE I VL T

e o oot produced

e produced

|l~E

‘produced .

FrE TaTrLn e ooigs B

$2.45 per gallon of alcdhol :

$1 .34 “per- gallon of ‘alcohol -

On the same feedstock processing basis, the cost of producing alcohol would

exceed $2 per -gallon

‘Doubling :the~potato -cost has a:dramatic impact: oo’

the direct.cost:of: producing alcohol and emphasizes the importance of -feed-

An jecondmic:analysis based'-on:.a-20~year pldnt:life !and ‘a proposedifinancing

schemebof¢60140@debtlequit&;riaﬁpercéhtainterést:on:deht;Aandilﬁ;percéntwﬁ

retdrnyon@equity1yieldedzaf$2:i6fpergééllonfselling:pricev(ﬁifétéquarterlﬁ

1980} :for -alcohol withjthe:DOErrecomﬁéndedafeedstock:costs:n

‘AlTowing ia:dif~-

£erentia1xeécalationsbfﬁ4¢pgrcentvanﬁﬁally;forafeedstock~coStSfandszéproduct-

cggdit;fhndxﬁﬁpercentxannuallysfor-all,otherscosts'and;reVenUES,?the&first
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quarter 1980 selling price would be an unattractive $2.14 per gallon. For

a 20-million-gallon-per-year plant processing only wheat, the comparable
alcohol selling price would be only $1.63 per gallon. It was clear from

the economic analysis, that the economic viability of this geothermal-
alcohol facility depends principally on obtaining a feedstock mix at a
moderate cost. Wheat and sugar beets are acceptable feedstocks at the .
above costs. Potatoes at $3 per cwt are not. A geothermal-alcohol venture
group should consider processing only culls and potato wastes (for a shorter

process run) or excluding potato processing entirely.

The geothermal energy cost for this size plant at Raft'River is approxi-
mately $3 per million Btu's which compares quite favorably with the cost

of process steam produced from fossil fuels (except perhaps coal).

A geothermal-alcohol project of this size in the lower Raft River Valley
would provide significant economic benefits to the region through increased
employment, an increased tax base, and local purchases of goods and services
including agricultural crops. The facility would produce two beneficial
products: (1) a fuel supplement to displace a substantial amount of gasoline
derived from petroleum, and (2) animal feed supplements derived from feed-

stock residues which could be used to displace some animal feed concentrates.

Because of the relatively isolated, rural setting of the Raft River geo-
thermal resource area, implementation of such a project would have some.
adverse socioeconomic impacts on the area. A significant increase in.
local population would occur during the construction and operation phases,
placing demands on local community services which may not be met without
the financial assistance of the project. Transportation access to the
KGRA is limited and a substantial increase in road traffic on Highway 81
would result from construction and operation activities. Truck traffic
would be especially heavy during the operating phase because -of continuous
feedstock hauling into the area and, to a lesser extent, product shipping

out of the area. Both of these will représent substantial changes in the

1-10
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local environment and impacts of both can be mitigated somewhat by proper

planning and implementation of the project. Environmental impacts on or

" near the plant site during construction and operation should not be con-

sequential enough to render the project unacceptable.

A project venture group would also have some practical difficulties in
securing consumptive water rights and rights to adequate geothermal
resources. The Raft River basin is closed to further appropriation of
groundwater. Although the operating geothermal-alcohol facility would be
a net producer of water, geothermal wéll drilling and construction of the
alcohol facility would require some consumptive use of groundwater. Acqui-
sition of existing water rights pérmits for the same types of consumptive
use would be necessary under the state's current water resources policies
in-the Raft River area., The venture group would have to acquire, by lease
or purchase, the rights to adequate geothermal resources on both private
and BLM lands and then obtain geothermal resource permits and water rights

permits from the Idaho Department of Water Resources. These water-related

institutional constraints should be prominent items for early-investigation

by any venture group interested in implementing a commercial-scale geothermal-

alcohol project in the Raft River KGRA.

The results of this technical and economic evaluation indicate that a .
commercial-scale geothermal-alcohol demonstration project should be con-
sidered for implementation in the Raft River KGRA. Although a 20 MM gpy

facility appears favorable from a technical (engineering) and economic

standpoint, the institutional constraints — limited transportation access,

low manpower and community services resources, and uncertain availability
of consumptive water rights — may preclude the iﬁmediate implementation of
a project this size. It appears that a smaller-scale demonstration facility
(on the order of 5 to perhéps 10 MM,éﬁy production capacity). would be more
appropriate for the Raft River KGRA at this time. Wheat and perhaps'sugar

beets should be considered as candidéfe feedstock materials.

1-11




A smaller-scale facility at this stage of the geothermal resource. develop-
ment will not risk the possibility that the actual fésource is not as
extensive as how thought. Acquisition of sufficient water rights for a -
smaller-scale facility may be less difficult to achieve. In addition, the
immediate impacts on the local region would be substantially lessened and
would allow for a more orderly social and economic expansion of this rural

area.

There are economic penalties in going to a smaller capacity plant. The

capital investment per unit of alcohol production increases and the labor

costs increase as the capacity decreases. A 10 MM gpy facility processing

wheat all year round could probably produce alcohol selling at about $1.80

per gallon (current day). Under the same economic conditions used in this

study, the selling price would be a little over $2 per gallon for a 5 MM gpy

wheat-only facility.

1-12
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Section 2

DEFINITION OF CURRENT ETHANOL PRODUCTION TECHNOLOGY

Beverage-grade ethanol has been produced for many years from a variety of

agricultural products."In recent years, production of fuel-grade (180 or

higher proof) ethanol from agricultural products has been increasing in
the U.S. This section examines the status of production technology and
defines the technology approaches usedrin the conceptual design of the

alcohol facility.

2.1 FEEDSTOCK REQUIREMENT

Wheat, sugar beets, and potatoes were selected as the candidate raw

. materials for ethanol fermentation. Over the past few years (1975-1978),

production of each of these crops in the counties around the Raft River

Geothermal Project has been sufficient to support a "commercial-scale"

‘ ethanol production facility (20 million gallons per year or larger).

The following shows the average annual productibni

e Wheat (winter) =~ - 10,000,000 bushels
e Wheat (spring) ~— 8,000,000 bushels
e Sugar beets - - 1,300,000 tomns

e Potatoes . . _ —._ 27,000,000 cwt

Tablés 2—1;“2;2, and 2—3 sumharize thé,approxiﬁate productioh by countieé.
These qﬁantities cannot be considered és the resources available solely.
for ethanol pyoduqtion. Oﬁe cannpt introduce a new demand equivalent td
the exiéting demand for thése,agriculthral products without seriously

upsetting the local market conditions. 1In order to obtain raw materials




Table 2-1 (Ref. 2)

RECENT WHEAT PRODUCTION IN SOUTH-CENTRAL IDAHO

SPRING WHEAT

) |
ro-or- r— ( B o

e,
-

COUNTY WINTER WHEAT
Acreage  Yield Production Acreage  Yield Production
Planted bu/ac million bu® Planted bu/ac  million bu
Cassia 60,000 46 2.76 35,000 71 2.48
Jerome . 15,000 76 1.14 16,000 69 1.10
Minidoka © 10,000 70 .7 22,000 - 75 1.65
Twin Falls 20,000 66 1.32 20,000 76 1.52
Power 125,000 - 34 4.25 40,000 . 45 1.8
TOTALS 230,000 44.2 avg 10.17 133,000 64.3 avg 8.55
Table 2-2 (Ref. 2)
RECENT SUGAR BEET PRODUCTION iN SOUTH—CENTRAL IDAHO
Acreage v Yiel& Production
COUNTY Planted tons/ac tons
Cassia 17,000 18 306,000
Jerome 5,000 18 40,000
Minidoka 30,000 - 18 540,000
Twin Falls 14,000 20 280,000
Power 8,000 16.5 132,000
TOTALS 74,000 18.1 avg 1,348,000
Table 2-3 (Ref. 2)
RECENT POTATO PRODUCTION IN SOUTH-CENTRAL IDAHO
Acreage Yield . Production
COUNTY Planted cwt/ac cwt
Cassia 25,000 - 245 6,125,000
Jerome 15,000 - 265 3,975,000
Minidoka 35,000 235 8,225,000
Twin Falls 19,000 300 5,700,000
Power 16,000 ' 235 3,760,000
TOTALS . 110,000 252 avg 27,785,000
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at a reasonable price, the total demand must be:képt élose to the achiev=
able production .in the area. ~About 40 percent of the total cropland in
these five counties is used for these three crops. ‘Other crépland acreage
could be used to increase production, however, irrigation water is in
limited supply, especially in the Raft River Valley. Rather than attempt’
to markedly increase the production of one of these potential feedstocks,
the strategy should be to seek a fraction of each crop's annual production
for feedstock and to 'work with-the :growers' associations to ensure that

there will be adequate supplies for all the buyers.

This multi-crop feedstock concept has been adopted for this study. A 20
hillion‘gallon'per_year ethanol production capacity was selected as being
the largest scale that can be supported by the agricultural resources of
the south-central area. The facility would nominally process potatoes
for five months, sugar beets for four months, and wheat for three months
of the year. On this processing basis, the nominal annual feedstock

requirements would be about:
e 300,000 tons of sugar beets
’0 360,000 tons of potatoes

X 53,000 tons: of wheat - :

In each year, crop productions and ﬁrices would dictate the actual process-

~ ing mix and run duration so that the lowest cost (per gallon of production)

feedstock would be purchased on the open market. Sugar beet acreage would
be contracted a year in advance throﬁgh'thé growers' association, so the

process run on sugar beets would be fiked essentia11§ before planting time.

Only agricultural resources in the .south-central area of Idaho were con-:

sidered. " There . is very.littleLprdductioniof wheat, .sugar beets and potatoes
in the Utah counties just south of the Idaho—Utah state line. Truck. ship-
ment of these materials from other producing areas in Idaho and perhaps |
Oregon would add too much to the cost of the materials to be an economic

alternative.

\




2.2 FEEDSTOCK PREPARATION

Feedstock preparation technology for wheat, sugar beets, and potatoes was
discussed with conventional processors (millers, .sugar factories, starch
- plants and dehydrators) with equipment'&endors and with saccharification/

fermentation experts.

For each of the three feedstocks there are basically two preparation
approaches: 1) whole product processing and, (2) refined product prepara-
tion. The second, and more costly approach, produces clean substrate.
material which is theoretically amenable to continuous fermentation. Whole
product processing is conducive only to batch fermentation. 7For wheat and
"potatoes, whole product processing schemes were chosen. Both require
liquefaction and saccharification steps prior to fermentation. ©For the

beet case, a partially refined product‘preparation scheme was ‘selected,

since there is little experience with fermentation of the whole beet (juice .

and pulp).

The preparation steps for wheat consist of cleaning, then dry grinding
with no separation followed by mixing with water to a 30 percent starch-
dry solids (DS) content which is suitable for fermentation to about a 10
percent ethanol solution. The pH of the slurry is adjusted to 6.5 in pre-

paration for gelatinization and enzymatic liquefaction.

Potatoes are washed with water, drained and disintegrated without peeling.
The ground potatoes are centrifuged to a DS content of 21 percent. The pH
is adjusted to 6.5 as in wheat preparation prior to gelatinization and

liquefaction.

Sugar beets are processed using conventional beet-sugar technology. The
beets-are washed with water, drained, sliced into thin strips (cossettes)
and then the juice phase is extracted from the insoluble portion of the

beets (pulp) in a hot water diffusion process. The thin juice contains

2-4.
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about 14 percent sucrose ‘and is partially concentrated before fermentation
to ethanol. These feedstock preparations involve simple, well-established,

physical processes.

The refined product.. approach involvesrconventional separation processes
which produce high quality starch (wheat and potatoes) and low impurity,
concentrated juice (beets).: The major by-product materials are produced

in the preparation steps rather than 4n the post~fermentation processing.

In order to minimize the cost .of the three feedstock preparation sections

in the.facility, the simpler approach was selected for this study.

2.3 SACCHARIFICATION AND FERMENTATION

Both potato and wheat starches must be converted into fermentable sugars.
Enzymatic schemes were selected for 11quefact10n and sacchar1fication

based on starch conversion literature and d1scuss1ons with enzyme producers.

‘The’brocessing conditions selected are uell-estahlished”and‘the:amylaSe

enzymes requlred are commercially avallable. ‘Beéause of the relatively
low temperature heat source available, a low temperature liquefying
enzyme is required. Both enzymes would be purchased rather than complicat=—

ing the process by attempting to produce the enzymes on-site.

ﬁiProcessing steps for wheat and potato starch are nearly identical s0 the

same equipment can- be used’ for both°

e Addition of the liquefying enzyme (alpha amylase) to the
raw starch slurry

° .,Cooking the slurry to liberate the starch molecules
" (gelatinization) and to allow enzymatic breakdown of the
starch bonds (liquefaction).: o :

e Cooling the slurry and pH adjustmentlto'h.S

e Conversion of starch to glucose (saccharification) by
addition of saccharifying enzyme (glucoamylase) and
holding the solution for about 40 hours to complete-the

- conversion '




The saccharification step can be carried out simultaneously with fermenta-
tion with the penalty of a higher glucoamylase dose. A clean substrate
is desirable.

Both batéh fermentation and continuous fermentation schemes Were'consideréd
in the process of selecting preparation steps for each feed material. Con-~
tinuous fermentation offers the advantages of high fermentation rates‘(low'
residence time) and low yeast makeup. requirements. It requires a clean

substrate. Continuous fermentation is also more susceptible to contamina-
tion than the conventional batch process. The batch fermentation approach
was chosen along with the whole product processing appfoach because of its

relative simplicity and its proven reliability.

" Batch fermentation consists of charging a fermentation tank with‘the sugar
{glucose or snérose) solution, ad&itioﬂ of brewers yeast and nutrients,
and holding the mashAfor about 48 hours to,allpw-completioﬁ of the sugar
conversion to'e£hanol. Cooling is require&'to;remove the heat of reaction,
‘maintaining the ﬁash temperéturerat about 30°C. By-products of the reac-
tions include yeast, carbon dioxide, fusel.oils_(high-mblecular weight
alcohols) and aldehydes. A

After the fermentation period, the tank is emptied, cleaned and sterilized
and is ready to receive another charge of sugar solution. Multiple fermenta-
tion tanks are employed to avoid enormous tank sizes and to reduce the

total cycle time — fill, ferment, empty, and clean.

The sugar solution from beet processing has lower than the desired 20 per-
cent sugar content for optimum fermentation and the subsequent distillation.
Prior to fermentation, the beet juice will be concentrated to about 20
percent sugar to match the content of the other two processed feedstock

solutions.

2-6.
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2.4 ANHYDROUS ETHANOL PRODUCTION

The possibility of producing a 190 proof ethanol for blending with
gasoline was abandoned early in this study by mutual agreement with
DOE's Technical Representative.<

The following distillation methods for producing anhydrous (200 proof)
ethanol were subsequently examined:

¢ Conventional low preSsure stripping, rectification, and
benzene-water-ethanol azeotropic distillation

. Vacuum distillatlon to avoid the water—ethanol azeotropic»
" condition

° Extractive distillation with gasoline yielding a gasoline/
alcohol mixture

) Dlstillation followed by vapor phase dehydration using
adsorption agents &

The last two schemes offer promise of significant energy savings, but are
not yet commercially and economically proven processes. The ACR gasoline
extraction process (proprietary) is, however, being installed in a
commercial-scale plant due to start up this year. Vacuum distillation
does not appear to yield real cost/energy savings because of the greater
investment in distillation'equipment. Katzen offers a dual-pressure
distillation modification of the conventional process.( ) Honeper, it
requires a steam temperature  (from coal-fired boilers) that is considerably

higher than that available ‘from the geothermal resources.

The more conventional scheme was~therefore selected:

® A beer still producing a 73 mOIe'percent ethanol over-
head and a stillage bottoms product with fusel oils taken
off as a side draw = -

® A benzene-water-ethanol azeotropic distillation with .
anhydrous ethanol as bottoms product. -Water from the
benzene stripper is essentially free of benzeéne and
ethanol. '

2-7




2.5 BY-PRODUCT PROCESSING

By-product .type and quantities were considerations in the selection of
the preparatibn schemes for each feedstock. Refinéd pro&uct preparation
produces a number of different'froﬁt-eqd by—produ¢ts. With a multiple
feedstock facility, the handling, storage and marketing of a number of
different by-prbduct materials may not be attractive, even if some high-
value ﬁaterials such as gluten aré produced. Process complexity and low

utilization of process equipment are real drawbacks.

The whole processing approach carries the non-fermentables (except for
beet pulp) through the process to the beer still. The whole stillage
from each feed material contains yeast, other insolubles and dissolved
solids from which a siﬁgle—type Offby—product animal feed ﬁould be

recovered. Its advantage is a single by-product recovery scheme that

accommodates each feedstock.

Production of a wet by-product for animal feeding onsite was an option

considered briefly. While it would produce a considerable ene:gy savings

by reducing drying requirements, the option adds complexity by introducing

another industry into the area. The feedlot option may not be practical

in the geothermal resource site area.

The by-product processing scheme selected involves:

@ Centrifugal separation of whole stillage into a sludge
and a thin liquor containing the dissolved solids

~ @ Evaporation of the thin liquor to a syrup-like product

e Blending the syrup with the siudgé and drYing iE with
geothermal fluid as the heat source

e Grinding the dry solids for storage and sale as dry
animal feed

2-8
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Three separate dry products could be produced or -they could be blended

~ for sale as a single product. !

Figuresgz—l, 2-2, end 2-3 are bidck flow diagrams illustrating tﬁe process-
ing steps seiected,for wheat, potatoes; and -sugar beets, respectj.irely. A
Feedstock preparation is differept for"eagch feed material. "The"etarch
cooking and saccharification steps are. common to wheat and potatoes
processing. Fermentation, alcohol reccvery, by—product recovery and

prodpct storage steps are common to processing all three feed materials.
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Sectioh 3

DEFINITION OF GEOTHERMAL RESOURCE REQUIREMENTS

The overall process heat requirements will dictate the geothermal fluid

flow requirements. Process heat input temperatures are limited by the

geothermal resource temperature. This section examines the process heat

requirements and the extraction methods available to meet those require-
ments, giving due consideration to the constraints.imposed because of the

geothermal fluid properties.

3.1 | PROCESS CONDITIONS

Process heat is required in the sugar beet preparation, the wheat and
potato cooking, the,aléohol recovery and the by-product recovery sections
of the alcohol facility. Process‘heat balances indicated that the maximum
input requirement would be slightly more than 200 million Btu's per hour —
when processing sugar beets. More than one temperature level would be
desirable with a fluid’temperature range of 250°F minimum inlet and 200°F
minimum exit from process users. The highest temperature requirement is
for starch cooking (a consumptive uée); although high temperatures in
other services are desirable to avoid huge heat transfer surface areas.
This heat can be supplied by geothermal fluid, in the form of fluid under

pressure, steam produééd by flashing, or a secondary working fluid.

The Raft River géothermal fluid is ldw in_salinitj, but it still has the

potéhtial to deposit scale on heat trénsfer surfaces under pressurized

~conditions. Some of the process equibment in the ethanol production

plant'incorporatés heating surfaces, such as vessel jackets, that are
extremely difficult to de-scale. As a résult, the direct use of hot
geothermal fluid was discarded.

31
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Binary fluid systems would essentially require doubling the overall plant E;
heat transfer surface, and were thus eliminated as being too expensive.
Multiple temperature steam heating systems are routinely used in chemical -
process plants. Heat transfer rates with.condensing steam are un%formly |
high, and not susceptible to appreciable fouling. In addition, control (i

of heat to individual users is simple and uses equipment already familiar

s

to the industry. Balancing heat flow at the various temperatﬁré levels

can be done in such a way as to minimize geothermal fluid flow.

T

‘In order to provide clean steam from flashing geothermal fluid, it is
necessary to seﬁarate the fluid droplets containing dissolved solids.
This can be accomplished by employing separation technology now used in
salt evaporators. Separation efficiencies over 99.9 percent in this type
of equipment is typical. Flash vessels using evaporator de-entrainment
design criteria should be able to provide steam containing less than

10 mg/1 dissolved solids from geothermal sources. A three-stage flash
system was selected as best meeting the heat rate and temperature level

needs of the multi-feedstock plant.

3.2 ESTABLISHMENT OF GEOTHERMAL WATER FLOW REQUIREMENTS

Using a multistage flashing system to provide heating steam to the process,

the total geothermal fluid flow can be approximated by equation 3.1.

Q ' 5
¢ = 3.1
(hy - hy) Cp G- L
Where G = geothermal brine flow, 1b/hr P
Q = heat requirement, Btu/hr £§

h; = brine enthalpy at inlet to
system, Btu/lb

hy = brine enthalpy at discharge
conditions, Btu/lb

fluid heat capacity, Btu/lb °F

| -

T A,

Cp

)
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In practice, this equation is used to calculate the fluid flow into each
flash vessel, allowing for the vapor production .in upstream vessels. The
minimum fluid flow is then found where the enthalpy change for fluid flow-
ing from stage to stage exectly matches the heat requirement for users at

that temperature level.

For the three steam temperature level system, the total geothermal fluid

- flow requirements would vary from a maximum of 5,900 gpm for sugar beet

processing to a minlmum of about 4,100 gpm for potato proce551ng. Some
steam users can accept two steam temperature levels to balance heat loads.
Total vapor production would be less than 8 percent of the geothermal

inlet fluid.

3.3 STUDY OF PHYSiCAL AND CHEMICAL CONSTRAINTS

The expected range of geothermal fluid chemical properties'iSVShown in

Table 3—1.(4)

Scaling by calcium carbonate takes place in alkaline geothermal brine,
such as at Raft River, when the brine pressure is dropped, allowing free
carbon dioxide to be released. Deposition and fouling under these con-

ditions can be dramatically severe, often causing plugging in process

(5)

equipment and piping in a matter of days. This phenomenon can be

largely controlled by the addition of "threshold" type inhibitors to the

(6)

brine, upstream of the flash point. These inhibitors, typically

"organic phosphonates, acrylates, or polymers of maleic anhydride are

added to the raw brine in coneentration of 1 to 5 mg/l. A number of
these compounds have been tested and found either biologically inert or

FDA approved for use in drinking water.( )

Both strontium sulfate and eilica in the geothermal brine will exceed

 their solubility limits when the brine is cooled. This would tend to

cause deposition in heat exchangers, especially if the fluid velocities




Table 3-1

EXPECTED GEOTHERMAL FLUID PROPERTIES

Constituent Analysis Range, mg/1
Sodium | 300 - 1000
Potassium 30 - 100
Calcium 30 - 130
Strontium ‘ 1-5
Magnesium 0.5 - 1.0
Lithium ’ 1.0 - 3.5
Chloride 500 - 2000
Fluoride - L - 6
Sulfate 30 - 50
Bicarbonate 25 - 50
Silica | 125 - 150
pH . 7.0 - 7.5

Potential scaling problems with this brine can be expected

from three major species:
° Calcium carbonate
e ' Strontium sulfate

e - Silica
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are low and residence time unknown. The "threshold" inhibitors have shown
some effectiveness for strontium sulfate, but will not prevent silica
deposition. Fortﬁnately, however, in a flashing brine situation, the
release of carbon dioxide causes the brine pH to increase, thus increas-
ing silica solubility. 1In addition, the kinetics of silica deposition are
extremgly slow. 1If a system‘is designed so that silica solubility is not
greatly exceeded, and if residence time is kept short, say less than one
hour from the flashing point to reinjection, silica deposition is very
unlikely.

Non-condensible gases are present in the geothermal brine. Materials
testing has shown there are trace amounts of hydrogen sulfide in the

(8)

brines. These are of sufficient quantity to cause corrosion problems
with copper alloys. Mild steel and stainless steel (in vapor spaces)

should be suitable materials of construction.
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Section 4

CONCEPTUAL DESIGN OF GEOTHERMAL ENERGY
GATHERING, - TRANSFER, AND DISPOSAL SYSTEM

This section discuSSes the geothermal facilities required to support the
alcohol production plaﬂt. The original concept involved an optimistic
assessment which was revised, based on information supplied by EG&G Idaho,
to reflect a more geologically probable productidn and injection well

scheme for meeting the energy needs of the alcohol facility.

4,1 WELL FIELD DESIGN

Initial discussions with geologists, hydrologists, and engineefs from EG&G
concerning the Raft River geothermal area indicated that there is neither’
a generalyconcensus on the extent of the moderate temperature resource nor
any typical design conditions for production wells, including realistic

operating lives.

There is major faulting in the Raft River area, so that it is very difficult

to predict the results from exploratdry drilling even if it occurs near an

" existing well._ Existing production in the area is largely from wells inter-

secting fractures.

An optimistié view of the geothermal'résource extent was taken for thé
preliminary well field desigﬁ, whiéﬁ,iﬁcluded well spacing on a %Qmile
grid'clpsé to the conceptual plant ;ite which was assumed to be 160 acres
in Section 25 (Frank Glover's propefty); Nine productioh’welis were
envisioned, each capablé of produciﬁg an average of 700 gﬁm 6§er their

operating lives with 200 kW of pumping power available. The geothermal




resource analysis performed by EG&G resulted in the well layout scheme
indicated in Figure 4~1 in which nine production wells are located in four
zones with significant potential for geothermal production. Costs for
drilling a total of thirteen wells were included in the capital cost esti-

mate. Four of these are assumed to be economically unproductive.

Average well depth is assumed to be 5900 ft with a 13 3/8-inch casing down

" to a depth of 1,400 feet where a l4-stage TRW-Reda pump is set. The pumps can
develop a 500 psi head with a 300 hp motor, A replacement well is drilled
once every-five years. The low priority production well sites in Figure 4-1
are potential locations for replacement wells. The suggested well layout
should be considered only conceptual in nature., Adequate exploratory drill-

(1)

ing is mandatory to the successful placement of production wells.

4.2 GEOTHERMAL WATER GATHERING SYSTEM

Because of the dispersed well layout, a substantial piping network will be
needed to transfer the geothermal fluid to the energy extraction system

at the conceptual plant site. The fluid gathering system (dotted lines in
Figure 4-1) is composed of about 6 miles of insulated, buried pipe connect-
ing the individual production wells in each zone which connects with main
supply piping to the production plant. Schedule 40 carbon steel pipe is
used in nominal sizes of 6 to 12 inches in diameter. The fluid gathering
network is constructed by trenching below the frost line, then welding,
spray insulating with 2 inches of urethane, and laying the pipe in the
trench. The 48-inch deep trench is backfilled and compacted, and later

the access ways are revegetated. Pipeways would cross both ;rivate and
BLM lands. Right-of-ways are assumed to be leased from owners either under
production leasehold agreements or simple right-of-way leaseholds where |

use of the properties are retained by the lessors.

The fluid temperature drop from heat loss in the fluid gathering network

is expected to be low — on the order of 1 to 2°C.
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4.3  ENERGY EXTRACTION SYSTEM

The geothermal energy supply system is designed to provide heat to the

ethanol plant in such a way as to:
® Provide all heat users at the proper temperature level
e Avoid scaling of process heat transfer equipment

¢ Minimize geothermal brine flow requirements

This is done through the use of a multistage flash steam supﬁly. In some
cases, large heat usefs such as the multi-effect evaporators for beet
juice and stillage concentration are designed to accept steam at two

temperature levels in order to balance heat loads.

The multistage flash system provides steam at approximately 250°F, 225°F,
and 205°F. By transferring the energy from geothermal brine to the process
‘with steam, scaling of complex heat transfer surfaces in dryers, jacketed

vessels, and evaporators is avoided.

The design of the geothermal energy extraction system is illustrated in
Figure 4-2 and the overall geothermal flow diagram is presented in Section 6.
Geothermal fluid from each well is pumped individually to the energy extrac-
tion system. Here, a scale control additive is metered into the brine by a
positive displacement pump and mixed with a static mixer. The fluid then
flows to the first flash vessel, where the pressure is reduced to prodgce
steam at 250°F. The flow of geothermal fluid is adjusted to maintain the
250°F témperature. '

The flashed liquid then flows to the second stage flash vessel, which is
maintained at 225°F. A small amount of steam is vented to the atmosphere

from the second stage for control purposes.
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In the third stage, the liquid isﬁflashed to approximately 2050F. The
third stage temperature is allowed to float, depending on the steam

demands.

The flash vessels as well as major system piping are constrqctéd of mild
steel. The system is designed for 600 psig and full vacuum, éccording to
ASME Section VIII code. The flash vessels, each 8 feet in diameter by

14 feet high, are designed to handle up to 125 percent of the rated flow
of flashing liquid. Each vessel is equipped ﬁith a“ two-stage éntrainment‘
separator which can be.washed Vitﬁ condensate to reduce the potential for
plugging. The vessels are alsélequipbed witﬁ manholes for in;pection ahd

cleaning access, if necessary.

4.4 GEOTHERMAL WATER DISPOSAL

For brine injection, the fluid must be injected such that it does not con-
taminate the drinking water and irrigation water supply which is obtained
‘frbm shallow aquifers at depths.from about 100 feét (36“;) to 500 feet

(155 m).(4) Conservatively, the brine could be injected into.the same aqui-
fer the hot fluid is obtained from (at least about the same depth). More
recent testing has shown an aquifer at 1,500 to 2,500 feet will accept re-

) \hether this can be used on a long-term basis is

injected flow readily.
not known. It is estimated an injection pressure of 250 to 300 psi is re-
quired at the end of five years. The only present pretreatment for injec-

tion is 200 micron filtration. Five micron filtration may be required.

Six injection wells are provided’in-the conceptual design. 'Normally one

is a spare. Figure 4-1 shows the location of?the injection field recommended
by EG&G.(l) Average well depth is assumed to be 3,800 feet with a 13 3/8-
inch casing downkto 1700 ft (similar to RRGI-6). Each well is equipped

with a 500 hp positive displacement pump capable ofidevelopingva 500 psi

head at 1,100 gpm. L :
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An uninsulated 16—1nch diameter line in the same trench as the main supply
line from production zones 2 and 3 is used to transfer the cooled brine

to the inJection well distribution network. At the alcohol facility, the
cooled brine plus steam condensate is withdrawn from the third flash stage
and pumped through eight parallel multi-media filters for removal of sus-
pended solids. After filtration, the fluid is routed through the under-
ground transfer line to the individual reinjection wells. Section 6 includes
a flow diagram of the overall geothermal system. Design fluid\veiocities

in both the supply and reinjection piping are high to keep a low total fluid
residence time in the systeﬁ as an aid to preventing precipitation and scale

deposition.

4.5 RESOURCE PROPERTY VARIATIONS

The overall energy requirements for processing the selected feedstocks into
alcohol were considered during the conceptual design of the geothermal-
alcohol facility. Both potatoes'and wheat proceséing would require about
30 percent less total heat input than sugar beets processing, as discussed
in Section 6. Drying the beet pulp accounts for most of the higher energy
needs. The three feedstock concept was selected to provide flexibility in
operation which could include dropping a feed material if it became too
expensive and poteﬁtially eliminating by-product drying if a cattle feedlot
operation were developed in conjunctien with the geothermal-alcohol facility.
The antieipated extent of the geothermal resource in the KGRA eppears suf-
ficient to accommodate the 1arger_energy demand of the three feedstock

concept.

4.6 SYSTEM OPTIMIZATION

The geothermal energy'syStem represents the concept best suited\to the
needs of the alcohol production facility without compromising workability
on eithet the geothermal or the~a1¢oh61 production side. As indicated in
subsection 3.1, the use of pressuriZea:brine for heat input would repre-
sent least cost, but has the highest technical risk of fouling and scaling.

The use of a Secondary working fluild offers little technical advantage




over the fluid flash system and would add significantly to the capital

cbétibecause of effective doubling of heat transfer surface.

The 6vera11 cost @f geothermal egergy'is a strdng function of the extrécted
energy’per unit of fluid produced; Alcohol production from agricultural-
crops is chataéterized by relatively high temperature energy ngeds and
little demand for low temperature heat sources. Thus, a 260+°F brine

must be returned to the,feceiving strata. Options should be considered

for incfeased geothermalkenérgy use in conjunction with an élcohol ﬁroduc—
tion facility. Low temperature utilization in the KGRA has already been
commercially demonstrated by Gary Crook. The Raft River Geothérmal Project
has examined numerous other “waste heat" utilization concepts. Section 7

indicates that co-users should be considered in any implementation plén.
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Section 5

CONCEPTUAL DESIGN OF ALCOHOL FACILITY

This sectionrinqorpdrates,the results of Task 2 — Process Flow Diagram

Preparatioh as well as ‘the results of Task 5. Process conditions for the.

. three feedstocks were developed from in-house information, open 1iterature,

and dlscussions with processors, enzyme manufacturers and equipment vendors.
Design bases were then established from which. the conceptual design was
prepared. As noted in Section 2, conventional technology was used through-
out so that neither process development nor equipment development would be

needed. The conceptual facility is designed to produce a nominal 20 million

" gallons per year of anhydrous ethanol using_géothermal steam as the sole

heat input. Other utility;resources assumed to be available are:
e  Electric power B 4.16 kv, 39, 60 Hz

e Cooling water ' , 70°F (max.) source from
‘ o - shallow groundwater wells¥

e Potable water - k ' '60 F source from ground-
. water wells* ‘
5.1 ~DESCRIPTION OF OVERALL FACILITY

The conceptual gebtﬁérmal—aicoﬁol facility is'deSighed to operaté'330 stream
days per year for 20 years. The facility is divided into six process
sections corfesponding to the'Section IOOVthrough Section 600 drawings

presented later in this section. Because three different feedstocks are

to be processed, three separate sets of material balances and major equip-
ment specifications are presented. Portibnsiof the plant are common to
all three feedstocks. Since simultaneous proce581ng is not env1sioned

common equipment was not dupllcated

*Per discussions with Stanley Lloyd of Elba, Idaho — 559F water available at
300-foot depth in well drilled north of Glover property (January 4, 1980).

o ' 5-1




A nominal processing sequence of 4 months on sugar beets, 5 months on
potatoes, and 3 months on wheat is illustrated in the process descriptiohs.
Sections 100, 400-A, and 500-A represent the plant operation when sﬁgar
beets are used as a feedstock. The design feed rate is about 110 tons per
hour and the ethanol product yield is 2;556'gallons per-hourv(23.2 gallons
per ton). Sections 200, 400-B, and SOO;B represent the‘operation on potato
feedstock. The design feed rate is about 2,173 cwt per hour and the ethanol
yield is 2,554 gallons per hour (1.175 gallons per cwt). Sections 300, 400-C,
and 500-C fepresent wheat operation. The ethanol yield is 2,558 géllons ﬁer
hour with a design feed rate of about 892 bushels per hour (2.87 gallons per
bushel). Section 600 includes the geothermal syétem, product storage, the
cboling water system, and waste treatment common to all three feedstock

.operations.

Figure 5-1 represents a plot plan of the alcohol production facility,

and Figure 5-2 gives a perspective view of the facility as it might appear
in the Raft River KGRA. The conceptual plant occupies about 55 acres
assumed to be private rather than federal land. ~ Feed preparation facilities
including on-site storage, Sections 100 through 300, occupy a considerable
portion of the developed plant site. Major process equipment through the
fermentation steps are housed in buildings for weather protection (not all
of the building enclosures are shown). Product tankage and the by-product
storage silos are somewhat isolated from the main processing areas for
reasons of safety. It is anticipated that feedstock receiving and product
shipping traffic would be handled through separate plant gates. The geo-
thermal flash sjstem is centrally located with respeét to processAsteam

- users. Geoﬁhermal fluid piping is underground as are the major steam
supply 1iﬁes. 7A11 the hot sidekpiping is insulated to minimize heat

losses.
The foreground area is reserved for disposal of solid waste resulting from

feedstock cleaning. The bulk of this waste will be silt dredged from the

two silt ponds and will be a relatively inert material.
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The following subsectioﬁs describe the process-operations in the alcohol
facility and include the design bases, material balances,‘and equipment
specifications for each feedstock operation. Fermentation, alcohol
recovery, and by-product recovery are presented as common operations for

the three feédstocks.

5.2 BEET PROCESSING — SECTION 100

Section 100 covers beet processing steps up to ferﬁentation, but the

entire operation is summarized here.

Sugar beets are processed four continuous months each year, November through
February, fbllowing three months of wheat processing. 'Three hundred ten
thousand tons of field run beets are received by the plant for cleaning and
processing. On-site storage capacity is about 80,000 tons, or about.

30 days supply. About 21,000 tons of trash and silt are removed in cleaning

- the beets over the four-month period. The daily slice contains 421 tons

of sugar of which 411 tons are extracted as a thin juice in the diffusion

process. The thin juice (13.67 percent sugar) is concentrated to 19.1 per-
cent sugar by evaporation. These 411 tons yield a net of 202.8 tons of
ethanol at the end of batch fermentation of the juice concentrate. The

beer, containing about 10 percent weight ethanol, is distilled to a 88 per-

. cent weighf ethanol overhead product, then dehydrated to a 200 proof ethanol

product in a benzene—water-ethanol co1umn. Beet pulp from the diffusion

step is dewatered and dried for By-product sale. The,whole;§tillage from
the beer still is evaporated to a syrup and dried with the beet pulp. *

Fusel oils (highér molecular weight alcohols) are also recovered as a

by-product which are bleﬁded with the ethanol product.

5.2.1 Design Bases

The assumed composition of the sugar beets procéSsed iﬁ the plant is

'présented in Table 5-1. Sixteen’percent sugar is typical for beet varieties

grown in the region.
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Table 5-1

'AVERAGE COMPOSITION OF SUGAR BEET (CLEAN)

Soluble dry matter
Marc

‘Water

Juice Phase

Sucrose
N-free organics

(carbohydrates, acids, saponins)

N-organics

(betaine, amides, amino acids, purines,
pyramidines, ammonia and nitrates)

Inorganics (K, Ca, Mg, Na, PQ,, Cl, S04)

" Water

" Marc Phase

Insoluble pectic material,
proteins, saponins

Cellulose, lignin, hemicelluloses

Bound water

5-6

18.87%

5.00%

76.13%

100.00%

16.00%

1.20%

1.17%

.507%

76.137

1.25%

_2,50%

100.00%
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The as-delivered beets are assumed to contain a total of seven percent

(on a clean beet basis) foreigﬁ matter — rocks, trash and silt. In clean-
ing the beets, all foreign matter is removed and 0.1 percent of the
soluble dry matter (half sucrose) is assumed to be lost in washing (or

in storage).

Field run beets are processed 24 hours per day, seven days per week at a
design stream féctor off90;4 percent — 2,823 tons per stream'day or 2,552
tons per day on a calendar day basis. Figure 5-3 is a process flow diagram
of the beet processing steps. Table 5-2 summarizes the principalzdesign

bases for each process step.

5.2.2 Beet Receiving and Storage

Sugaf beets are shipped to the ethanol facility by end—dump;tfactdr—
trailers. The net load averages 25 tons. Trucks are weighed iﬁ (gross)
and out (tare) to record the as;received tonnages. At the scale, trucks
are directed to one of two dump stations: one for direct processing, and
the.other for transfér tOVStorage. Five trucks per hour are routed to
the direct processing station where a hydraulic dump platform elevates

the trucks for discharge of the beets into the wet hopper.

At the other dump station, beets are dumped into a dry hopper and fed onto

‘a pinch-roller trash screen which removes weeds and leaves. A traveling-

stacker conveyor transfers the beets to one of tw0'péra11e1 storage piles.
A transvéfse:sléwing'bobm is used to stack the beets up to a heightvof‘

20 feet and to a width of 120 feet. At full capacity, each pile-will
contain 40,000 tonms. Transvefse'air ducts, spaced at 25-foot intervals,

distribute ventilation air sﬁpplied by low pressure fans. -

Beets are reclaimed at up to 150 tons per hour by front-end loaders working

the toe of a pile. They load a moveable hopper positioned above the
reclaim belt conveyor. The reclaim conveyor discharges into the wet dump

hopper from which beets enter the flume system.

5-7




PRINCIPAL DESIGN BASES —-PROCESSING SUGAR BEETS
Elevation and Normal Atmospheric Pressure 4800 ft; 12.24 psia

Beet Receiving & Storage

Receiving periods
Carrier

Loads per day

Direct process
Reclaim from storage
Maximum reclaim rate

Beet Washing

Flume water
Wash water
Direct recycle
Pond recycle
Lost to sludge

Beet Slicing

Slicing capacity

Compressed air to slicers
(cleaning)

Knife block cycle time

Diffusion

Average diffusion temp.
Draft

Length of cossettes
Diffuser constant
Diffusion time

Sugar in pulp

Sugar in sliced beets
Diffuser capacity
Diffusion steam

r

[ T

Table 5-2

daylight hours, 7 days per week
25-ton net tractor-trailers (end dump)
113 average maximum for first 60 days
1250 tpd

1573 tpd

150 tph

2000 gal/ton of beets flumed -(design)
400 gal/ton of beets (design)
60 percent (design)
19 percent (maximum)
1 percent (minimum)

1000 tpd per machine

30 1b/ton of beets sliced
4 hours

70°C + 273° = 343°K

114 1b juice/100 1b cossettes
13 m/100 g cossettes

6.6 x 10~

64 minutes ,
0.353% wt (1.237% wt on pulp)
15.95% wt -
3200 tpd

15,400 1b/hr @ 205°F
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Table 5-2 (continued)

Pulp Dewatering

Raw pulp moisture
Screened pulp moisture
Pressed pulp moisture
Sugar loss in pulp
Press water return

Thin Juice Concentration

Sucrose exit concentration
Number of effects

Economy ‘

Steam requirements

93% wt

85% wt

80% wt

1.237% wt on pulp
80% on raw pulp

19.1% wt

4

3.2

22,350 1b/hr @ 250°F
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5.2.3 Beet Washing

The beets are cleaned to remove rocks, trash and soil prior to slicing.
Beets are sluiced into the flume system with a mixture of fresh and
recycled flume water. A feeder in the flume regulates the flow of beets
into the downstream portion of the flume. A Dyer-type rock catcher
removes rocks.from the lighter beets using an upward flow of water to
1lift the beets and allow the rocks to settle downward in the rock chute.
A chain conveyor removes the collected rocks. Weeds, leaves, and beet.
tails are removed in a Dalton-type trash separator. The trash is

discharged from a rotating drum onto a belt conveyor for trash disposal.

The beets return to the flume and enter the washer which has a dewatering

section at the inlet. Fresh water is added as the beets pass onto a belt
conveyor. Flume water and wash'water pasé'over a trash screen and into

a sump. The water can be recycled directly or discharged to a gravity
clarifier for cleanup. Silt settles out in the clarifier and is pumped
to one of two silt ponds. The clarifier overflow (about 80 percent) is
recycled to the head end of the flume. - The silt ponds allow further
clarification to occur so additional water can be recycled. Sludge
accumulates in the ponds and is dredged at the end of the beet processing

season.

- 5.3.4 Beet Slicing

Washed beets are conveyed to a bucket elevator which lifts them to a
horizontal transfer conveyor above the 50-ton capacity clean beet bin.

The bin is mounted above three 1,000-ton-per-day capacity rotary slicers.
Rotating knife blocks cut the beets into thin slices (cossettes). The
knife blocks are changed out about every four hours for sharpening.
Compressed air is used to clean the blocks during operation. The cossettes
are fed onto a weigh belt conveyor (weightometer) which automatically

weighs and totals the daily slice.
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5.2.5 Diffusion

Hot water extraction of the juice from the cossettes is carried out in a
continuous slope diffuser. The 3,200-ton-per-day capacity Silver D.d.S.
diffuser is steam jacketed to maintain the juice and pulp at the desired
temperature (160°F average). Cossettes enter the lower end and -are
conveyed upward by the scrolls. Hot watér and pulp return water enter
the top end and pass downward countercurrently contacting the cossettes.
By diffusion, the juice phase passes from cellular material into the
liquid. Exhausted cossettes (pulp) are discharged from the top end of
the diffuser and drop onto a dewatering screen. The thin juice is dis-
charged (oﬁ level control) from the low end of the diffuser into a tank.
The thin juice amounts to about 114 percent based on the weight of the
'entering cossettes. The sugar content is 13.67 percent and represents

a 97.8 percent sugar recovery.

5.2.6 Pulp Dewatering

The raw pulp is screened to remove free water and then conveyed to three
horizontal twin-screw presses for dewatering ﬁo abdut 80 percent moisture
content. Nearly 32 tons per hour of pressed pulp are generated. This
material is conveyed to by-product drying. Screening water and press
water are pumped to the diffusion water inlet. Hot process condensate
water is also added to the return water stream ahead of a trim heater.
Steam heating the diffusion water on occasion helps to control bacterial

growth in the diffuser.

5.2.7 Thin Juice Concentration

Multiple-effect evaporation is used to raise the sucrose concentration in
the juice to about 19.1 percent for optimum fermentation and alcohol
recovery. A four-effect vertical tube evaporator system is operated with
backward feed (to the fourth effect). Geothermal steam at 250°F in the
first effect vaporizes water which.is used as steam to the second, lower

temperature effect. Concentrated juice is withdrawn from this effect and
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is used to preheat the thin juice feed. Vapor from the fourth effect

(coldest) is condensed in an air-cooled condenser which also receives’

condensate from the previous two effects. A vacuum pump is used to

maintain subatmospheric pressure. Recovered condensate is routed to the
diffuser. The concentrated juice is sent to the fermentation section
(400-A). Dilute hydrochloric acid is added in-line to drop the juice pH

to 4.5 prior to fermentation.

The beet processing equipment is located in the upper left corner of the
plot plan, Figure 5-1.

5.3 POTATO PROCESSING — SECTION 200

Potatoes are prbcessed for five continuous months each year, March through
July, following the four months of sugar beet processing. About 360,000
tons of potatoes are received by the plant for cleaning and processing
during this period. On-site Storage capacity”is 36,500 tons. The design
mash rate is 2,607 tons of potatoes (clean>basis)'per day. The daily

mash contains 389 tons of starch which is converted to 432 tons of sugar.
At the end of the batch fermentation, this sugar is converted to 202 tons
per day of ethanol. The beer (containing 11 percent weight ethanol) is
distilled to a 88 percent weight overhead product, then dehydrated to

virtually a 200 proof ethamnol product in a benzene-water-ethanol column.

The whole stillage from the beer étill is centrifuged. The cake is dried
thermally to 90 percent solids. Approximately 206 tons of this dried

animal feed are produced per stream day.

5.3.1 Design Bases'

Table 5-3 presents the assumed composition of thezpotatdes processed in

the plant.
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Table 5-3

AVERAGE POTATO COMPOSITION (CLEAN)

Water . 77.5%
Starch 15.0%
Proteins and fats 2.1%
Fiber __5.4%

' 100.0%

All foreign matter (assumed to be 1 percent weight on potatoes) is removed
in cleaning and 0.1 percent of the soluble dry matter is assumed to be

~ lost in dewatering.

Potatoes are processed 24 hours per day, seven days per week at a design
stream factor of 90.4 percent (2,630 tons per stream day). Table 5-4 sum-
marizes the principal design bases for each process step in Section 200.

Figure 5-4 shows the process steps and material flows.

5.3.2 Potato Receiving and Storage

Potatoes are shipped to the ethanol facility by end dump tractor-trailers.

The net load averages 20 tons. Trucks are weighed in (gross) and out (tare)

to record the as-received tonnages. At the scale, trucks are diverted to
the dump station where potatoes are dumped into the potato cellar which
provides storage space for 14 days' potato requirement (36,500 tons).
Potatoes are reclaimed by front-end loaders working at the toe of a pile.
The loaders transfer the potatoes to the reclaim belt conveyor which dis-
charges into the slab storage area which provides potato storage for eight

hours of plant operation.
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Table 5-4

PRINCIPAL DESIGN BASES — POTATO PROCESSING

Potato Receilving and Storage

Receiving periods daylight hours, 7 days per week
Carrier 20-ton net tractor-trailers (end dump)
Loads per day , 142 (10% to storage)

Direct process 2607 tpd (clean)

Potato Washing

B ‘! N ._l ' . - l 4! ! ‘ 3 ' : . .

Flume water 1920 gal/ton of potatoes flumed (design)
Wash water , 100 gal/ton of potatoes (design)
’ Direct recycle L 98 percent (design)

Lost to sludge 2 percent

Potato Mashing

Number of disintegrators 3 o
‘Mashing rate 870 tpd per machine

Mash Dewatering

Raw mash moisture : 787 wt
Dewatered mash moisture 697 wt
‘Concentrate moisture 987 wt

Starch Liquefaction

Crude starch slurry 32% wt dry solids (DS)

,!!!“Ar!gq e T e T T T I B e | p—t
{

pH 6.5

Cooking steam temperature © 25Q0F

Enzyme dosage ' 0.1% wt on DS

Cooking time and temperature 5 minutes at 221°F

Hold time and temperature 90 minutes at 203°F

Dextrose equivalent 10-14
Saccharification

Enzyme dosage 0.15 gal/1000 1b DS

Holding time . 40 hours

Temperature 1400F

pH 4.5

Starch conversion - 95+%
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5.3.3 Potato Washing

The potatoes are conveyed via a flume to one of three potato washers.
Flume water is recycled.  Wash water is supplied to each washer af 75
gallons per minute. The wash water flow from.the washer goes to a two-
compartment silt settlingrpond. Suspended sélids settle out in the first
compartment and clarified water flows into the second compartment from
which it is recycled as fluﬁe water makeup. 'Tﬁo-silt ponds are provided.
Sludge accumulates in the settling ponds and is dredged at the end of the

potato processing season.

5.3.4 Potato Mashing and Dewatering -

Washed.potatoes are conveyed to one of three feed bins and then to three
disintegrators where the potatoes are ‘crushed, and residual foreign matter
(tramp iron, etc.) is separéted from the mash and discharged to waste.

The mash flows from the disintegrators to screens where coarse potato
‘pieces are removed and recycled to the disintegrators. The screened mash
flows to a‘centrifuge where its moisture content isvreduced to approximately
68 percent. The centrate containing 0.3 percent starch, is discharged to

the wastewater treatment facility (Section 600).

5.3.5 Starch Liquefaction

A two percent solution of'sodiumbhydroxide is added in-line to raise the pH
of the dewatered mash from 5.6 to 6.5. An agitated vessel in Section 300
is used to provide a short holdup. Alpha amylase is next added to the

‘mash to break down the starch bonds and about 18,330 pounds per hour of

250°F geothermal steam are injected into three parallel steam mixers to
raise the temperature of the mash ts 221°F—forrge1atihization and cooking
of the starch. The starch is cooked for five minutes in a tubular cooker
at 221°F and is then flash cooled to 203°F. The cooked mash next enters
a six-stage ‘baffled hold tank which provides 90 minutes detention time.

Agitators are provided for adequate mixing of the hold tank contents to
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prevent settling of suspended matter. The hold tank effluent is cooled
to 140°F and treated with a five percent hydrochloric acid solution to

lower the pH from 6.5 to 4.5.

5.3.6 Saccharification

Glucoamylase is. added to the liquified starch to break down .the starch
dextrins to produce a high yield of fermentable glucose. This takes
place in five 170,000-gallon saccharification vesséls, ‘each with 40 hours
retention time. A steam jacket around each saccharification vessel main-
‘tains the contents at. 140°F. Each vessel is also equipped with an

agitator to ensure adequate mixing of the reactants.

5.4 WHEAT PROCESSING — SECTION 300

Soft white winter wheat is processed in the alcohol facility three months

per yeér, normally in August, September, and October. Wheat is purchased

on the open market and delivered by truck to the plant during the process-

ing period. The wheat is cleaned and ground whole. The whole ground

wheat is processed much like potatoes to liberate the starch molecules

and convert the starch to glucose prior to fermentation. About 371 tons per
day of starch and 20 tons of sugars are converted to 433 tons of glucose which,
in turn, are fermented to yield 203 tons of ethanol. About 227 tons per day

of by-product solids are recovered from the fermenter mash solids.

5.4.1 Design Basis

Table 5-5 presents the assumed composition of the winter wheat processed
in the plant. As delivered, wheat is assumed to contain up to 20 percent
(on a clean wheat basis) inert foreign matter, including rocks, sand and

field dust. Dry cleaning removes this foreign matter.

Wheat is processed 24 hours per day, seven days per week at a design
stream factor of 90.4 percent. Table 5-6 indicates the principal design
basis for each process step. Figure 5-5 is a process flow diagram of '

wheat processing Section 300.
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Table 5-5

t

—

Component
’ Moisture
Starch
Sugars-

Protein & Fat

Fibers

Soluble Solids

Total

r—

*4

-
¢

) Cr:"_; 5 e S
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AVERAGE WHEAT COMPOSITION — CLEAN BASIS

% Weight

v

8.95
57.87
3.15
| 11.57
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Table 5-6

PRINCIPAL DESIGN BASES — WHEAT PROCESSING

Receiving & Storage

Receiving periods
Carrier

Loads per day
Storage capacity
Reclaim rate -

Cleaning & Grinding

Type of cleaning
Grinding capacity
Stage of milling
Size reduction

Starch Liquefaction

Crude starch slurry

pH |

Cooking steam temperature
Enzyme dosage

Cooking time & temperature
Holding time & temperature
Dextrose equivalent

Saccharification

Enzyme dosage
Holding time
Temperature

pH

Starch conversion

daylight hours, 7 days per week

~ 18-ton net tractor-trailers (end dump)
43

360,000 bushels (14 days)
1070 bushels per hour (dirty)

screening and gravity separation

~ 1000 bushels per hour

4 (roller mills)
-20 mesh (99 percent)

30% wt dry solids (DS)
6.5

2500F

0.1%7 wt on DS

5 minutes at 221°F

90 minutes at 203°F
10-14

0.15 gal/1000 1b DS
40 hours '
1400F

4.5

95+%
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5.4.2 Receiving and Storage

Wheat is shipped from local elevators to the ethanol facility by end dump

" trailer trucks. Upon arrival at the gate, the trucks are weighed and

proceed to a dump station. A hydraulic truck lift elevates the truck and

trailer, dumping the wheat into a hopper that is equipped with dust
control hooding. An under-hopper belt conveyor tfansfers_the wheat to a
bucket elevator. The bucket elevator discharges wheét onto an elevated
transfer conveyor which feeds four 90,000-bushe1.capacity storage bins.

Total storage capacity is sufficient for two weeks operation.

5.4.3 Wheat Cleaning and Grinding

The stored wheat is cleaned dry and ground whole to prepare it as a sub-
strate for starch conversion and fermentation. The wheat is pneumatically

conveyed from the storage bins to a surge bin ahead of the scalper. The

- shaker-screen type scalper removed sticks, stones, stalks and similar

. offal present in the uncleaned wheat. The écreened wheat then passes
through an aspirator which employs currents of air‘directed through the

‘vdispersed falling wheat to separate light (dust, fibers, chaff) and heavy

"(sand) materials from the grain. The separated debris is collected fqr

land disposal.

The cleaned wheat is fed by a rotary valve into a surge bin and then into
a dump scale for weighing. The wheat is ground to -20 mesh in four stages

of reduction by roller mills. No physical separation of kernel components

is attémpted. The ground wheat is discharged to a surge bin.

5.4.4 Liquefaction

A rotary valve feeds the crude wheat flour into a 10,000-gailoﬁ mixing

"tank. Warm condensate is added to make up a slurry containing 30 percent

dry solids. Two percent sodium hydroxide is added to the mixed tank

~contents to adjust the slurry pH to 6.5. Alpha amylase is added to the
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- crude starch slurry in—iine as the slurry is pumped to three parallel

steam injectors (hydroheaters). About 11,070 pounds pef hour of 250°F
geothermal steam is injected to raise the slurry temperature to 221°F for
gelatinization and cboking of the starch. The starch slurry is cooked
for five_minuteshin,a tubular coil and then flash-cooled to 2039F, The -
flash-cooled slurry enters a six-stage baffled hold tank which provides

ninety minutes retention time. An agitator is provided in each baffled

" section to prevent settling of the suspended matter. The hold tank

effluent is cooled -in a plate-type exchanger to 140CF and five percent
hydrochloric acid is added in-line to reduce the cooled slurry pH to 4.5.

The liquefaction equipment is the same as that used for potato processing.

5.4.5 Saccharification

Glucoamylase is added to the liquefied starch slurry to break down starch
dextrins to fermentable glucose. This conversion takes place in five
170,000 gallon vessels providing about 40 hours total retention time.
Each vessel has a steam jacket to maintain the contents at 140°F. Each
vessel iS‘also'équipped with an agitator to mix the contents during the
hold period. o '

The saccharification equipment is the same as that used for potato process-

ing. The glucose content of the saccharified slurry is about 20.8 percent.

5.5 ° FERMENTATION AND ALCOHOL RECOVERY — SECTION 400

The fermentation and alcohol recovery equipment is designéd tb'proéess the
sugar solution from ahy of the three feedstock;processing sections. Fermen—v
tation‘is a bétéh pfocess.‘ Alcohol reco#ery is:con;iﬁuous_p;ocess;‘ The
material aﬁd energy bélances fér the tﬁree feedstoéks are all slighély

different and heﬁce three versions are presented.

© 5~23




5.5.1 Fermentation

Figures 5-6, 5-7, and 5-8 show the material balances for fermentation of
sugar solutions from beet processing, potato processing, and wheat process-
ing, respectively. : The sugar solution is cooled to 80°F prior to fermen-
tation. Fermentation of the solution is carried out batch-wise in ten
170,000—ga110q fermenters to yield a net of about 2,560 gallons per hour

of ethanol. Table 5-7 summarizes the fermentation design parameters.

The total cycle time per fermenter is 60 hours and eight batches are
always in some stage of fermentation at any one time. One fermenter is

being filled and one is being emptied and cleaned at any one time.

At the start of a cycle, sugar solution, yeast and nutrients are pumped

into the fermentation tank. As the fermentation proceeds, heat released
by the reaction increases the mash temperature. Carbon dioxide formed

in the reaction also is released into the vapor space of the fermenter.

The mash is circulated through plate-type exchangers when the bulk
temperature reaches about 90°F. Cooling water at 70°F rembvésrthe bulk

of the heat of reaction and limits the maéh temperature rise. Cooling is
required only part of the fermentation time s0 one exchanger can be used
to serve two fermenters. The mash can be circulated for mixing purposes
alone by bypassing the exchanger. Evolved vapors,’mainly'COz, are water
scrubbed in a 5-foot diameter, 5-tray column to recover ethanol. Blowdown
from the scrubber is pumped to the beer well. Scrubber off-gas is vented

to the atmosphere.

At the end of the 48-hour fermentation périod;ithe fermented mash, contain-
ing about 10 perceént ethaﬁol;'isipumped to the beer well. The empty .
fermenter is chemicélly‘cleaned by internal spraying machiﬁes, sterilized
with an iodine solution, and rinsed with sterile water. The sbent solutions

are routed to wastewater treatment, and this tank is again ready for service.
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Table 5-7

PRINCIPAL DESIGN BASES — FERMENTATION

Chemical Reactions & Conversions (Basis: 100 1lbs glucose)

HYDROLYSIS
Sucrose to. glucose (100% conversion)

CyoHpp0;; + HY0 —— 2C.H, 0,

(95 1bs) (5 1bs) - (100 1bs)

Starch to glucose (100% conversion)

6H1005)n + nH20 —_— nCGH1206

(90 1bs) (10 1bs) (100 1bs)

(c

GLUCOSE CONVERSION:

To ethanol (91.818% conversion)

east )
CeHy .0, Jeast 2C,H,0H + 200,

(91.818 1bs) (46.97 1bs) (44.848 1bs)

To yeast (3.636% conversion)

06 innoculum yeast + 1,452 CO, + 1.452 H,0

CeHio 2 2

(3.636 1bs) (1.818 1bs) (1.290 1bs) (0.528 1b)

To other by-products (4.545% conversion) .

2%C H..0, ——» 3CH,CHO + CH, (CH

6712% CHZOH + 4C02 + 3H,0

2)3 2

(4.545 1bs) (1.333 1bs) (0.89 1b) (1.777 1bs) (0.545 1b)
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Table 5-7 (Continued)

Fermentafion Cohdiﬁibns
Feed sugar concentration
Fermentation time
Fermentatibn temperature
Fermentation pH
Heat of reaction
Yeast makeup requirements
Nutrient requireménts
Number of fermenters
/Fermenter £fill time
Fermenter empty & clean time
Total cycle time

thimum/deéign capacity

Surge Capacity . .

Fermenter product

Off-gas Scrubbing

Vapor superficial velocity
L/G ratio

'Pressﬁreidrop

' Gas inlet temperature

Gas exit temperature

19 - 21 percent

48 hours (batch)
80 to 90°F

4.5 ‘
420 Btu/1b ethanol

10.2385 1b/100 1bs ethanol
"~ 0.954 1b/100 1bs ethanol

10

6 hours

6 hours

60 hours/fermenter

120 percent of design

8 hours

3 feet per second
20 gals/1000 ACFM
3iin WG

850F average

700F “average
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The fermented mash (beer) charged to the beer well contains water, yeast
and other insolubles, dissolved solids (organic and inorganic), fusel oil,
and aldehydes in addition to the ethanol. The 228,000-gallon tank pro-
vides eight hours of sufge capacity and the tank contents afé circulated

continuously to provide a uniform feed to the distillation section.

5.5.2 Alcohol Recovery

The alcohol recovery scheme is presented in Figures 5-9, 5-10, and. 5-1l.
Distillation of the fermenter product is carried out in the same manner
with the same equipment for all three feedstock cases. Table 5-8 lists

. the design bases for the three distillation columns.

Fermented beer from the beer well is preheated by exchange with the con-
densing vapors of the azeotropic column overhead and the beer still over-
" head streams, and also with the beer still bottoms. There is sufficient

heat recovered to provide a bubble-point condition feed to the beer still.

The beer still is a 8-foot ID by 136-foot high column containing 66 sieve
trays. It is operated at a pressure of 25 psia at the bottom of the
column which corresponds to about the maximum temperature that can be
achiteved using the available 250°F geothermal steam as the heating

medium.

Geothermal steam to two forced-circulation plate-type reboilers provides

the 44 million Btu per hour heat input required. Fusel oil concentrates

in the upper part of the column and is removed as a side-draw, cooled,

and water washed in a separate fusel oil washer. The alcohol and water phase
recovered from the fusel oil is returned to the beer still feed. Washed
fusel o0il is pumped to storage. Aldehydes produced by side reactioms in
the fermentation are removed as an overhead stream and condensed. The
aldehydes are reblended with the ethanol product. An 88 percent ethanol/

12 percent water mixture is taken from tray 1 and condensed. Reflux is
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Table 5-8

PRINCIPAL DESIGN BASES — ALCOHOL RECOVERY

Beer Distillation

Ethanol recovery

Reflux ratio

Bottoms temperature/pressure
Pressure drop (total)

Tray efficiency

Heat source

" Azeotropic Distillation

Ethanol purity

Bottoms temperature/pressure
Pressure drop (total)

'Tray efficiency

Heat source

Hydrocarbon Stripping

Ethanol loss

Reflux ratio

Bottoms temperature/pressure
Pressure drop (total)

Tray efficiency

Heat source

99.67 (minimum)

4.2

240°F/25.2 psia

5 psia

607

2500F geothermal steam

100%

1780F/19.7 psia
5 psi

75%

2059F geothermal steam .

0.13% of feed (maximum).

2.0

215%°F/15.7 psia

1 psi

75%

2250F geothermal steam
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returned to the top tray and the product portion of the overhead is cooled
to the bubble-point condition for feed to the azeotropic column. The beer
still bottoms stream, mainly water and solids, is cooled and sent to the

whole stillage tank.

The azeotropic distillation column is 9.5-foot ID by 112-foot high and con-
tains 53 valve trays. Benzene is used to form a ternary azeotrope with the
ethanol-water mixture in the column. Water is removed in the overhead
stream. The overhead is condensed, cooled, and collected in a phase
separator. The benzene-rich layer is recycled to the top tray of the
azeotropic columm. The water-rich layer is fed to a hydrocarbon stripper.
The azeotropic columm bottoms is virtually 200 prodf ethanol. This stream,
which averages about 2,555 gallons per hour for the threée feedstock caées;
is cooled and pumped to product storage. Heat for the thermosiphon reboiler

is supplied by condensing Subatmospheéic 205°F steam.

The hydrocarbon stripper is a 3.5-foot ID by 60-foot high column contain-’
ing 27 valve trays. The water-rich féed is stripped of benzene in the column

yielding an aqueous bottoms stream containing about 0.3 weight percent

"ethanol. The hydrocarboﬁ-rich overhead stream is condensed. Part is

returned as reflux and part is recycled to the azeotropic column feed.

Geothermal steam at 225°F is used in the stripper reboiler.

The total geothermal energy requirement for Section 400 averages a little
over 84-million-Btu-per-hour or 33,000-Btu-per-gallon ethanol product. Air
coolers are used on high temperature vapor streams to minimize cooling

water requirements.

5.6 BY-PRODUCT RECOVERY — SECTION 500

The by-product recovery section equipment is common to all three feed-
stocks, but the system is operated somewhat differently for each case.
Figures 5-12, 5~13, and 5-14 illustrate the processing schemes for sugar

beets, potatoes, and wheat, respectively. The system was designed to
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handle the beet pulp and stillage from beet processing as a worst case.
Not all the equipment is needed for potato or wheat processing and

differences in operation are noted in the description

Whole stillage ffom the 27,000-gallon stillage tank contains insoluble solids
(yeast, protein, and fiber) and soluble solids (organic and inorganic),

much of which originates from the feedstock material. The‘stillage is
centrifuged, producing 'a thin stillage stream (cestrate) and a cake stream
containing about 35 percent weight solids. Three horizontal solid-bowl

centrifuges are provided. Thin stillage from beet and from wheat process-

. ing is evaporated to heavy syfup for blending with the stillage centrifuge

cake. The soluble solids in thin stillage from potato processing are not

economically worth recovery.

The by-product solids drying system is:designed to produce a 10 percent

moisture material that is to be sold as an animal feed supplement. The

- by-product composition as well as the production rate will be different

for each feedstock. When beets are processed, pressed beet pulp is added

to the centrifuged cake and heavy syrup is added prior to drying. By-product
from potato processing is derived only from the centrifuged stillage solids
while the wheat processing by-product contains centrifuéed stillage solids

and syrup recovered from the thin stillage.

A six-effect evaporator system is used to concehtrate the thin stillage

from beets and wheat to a ﬁediﬁm syrup. Falling film-type long tube vertical
evaporator'units are used. The system is dpérated with backward feed (to

the sixth effect) and 250°F geothermal Steam'supplied to the first effect.

-Vapor from the first effect is(supplemented'with 225°F geothermal. steam

to provide the heat for evaporation in the second effect. Each effect has
a recycle pump to provide uniform distribution of the 1iqudr at the top

of the tube bundle. The medium syrup concentrate from the first effect

is sent to a flash evaporatpr«fof~further concentration. Geothermal

steam at 225°F is used to preheat the flash evaporator feed. Flash vapor
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is routed to the third evaporator effect and the heavy syrup (50 percent
solids) is pumped to the solids drying system. Vapor from the first effect
is condensed in an air-cooled condenser. A rotary vacuum pump maintains.
the condensate system at the desired condensing pressure. The combined
‘condensate is pumped to Section 600. The syrub concentration system has,

an overall economy of about five.

Eight rotary steam—tube 5ryers in two parallel trains are used to dry wet
solids from beet processing. A design dryer feed moisture of 50 percent
is attained by recycling dried solids to blend with wet feed consisting

of pressed pulp, stillage'cake and syrup. Blending occurs in two parallel
turbulizers and the blended solids are fed by screw conveyors into the
8-foot ID by 80-foot long dryer drums. Geothermal steam at 225°F is used as
the heating medium in the dryer tubes. Evaporated water (vapor) is vented
from the solids feed end. Discharged ﬁaterial is collected by screw
conveyors and transferred to surge bins. Pneumatic conveyors lift the
material to an elevated storage bin. About 70 percent of the dry material
is recycled. The balance is ground in a hammer mill, cooled to 100°F in
a rotary drum cooler, and conveyed pneumatically to a 32,000-cubic-foot
capacity product storage bin. The dry by-product is transferred from the
bin by pneumatic conveyor to the six storage silos in Section 600. Net

production is about 21,000 pounds per hour.

When potatoes or wheat are being processed, only one of the two dryér
trains (four dryers) is in operation. Significantly less solids recycle
is required and the dryer feed moisture is reduced to 40 percent. Net
by-product yields in these two cases are about 17,000 and 19,000 pounds

per hour, respectively.

5.7 OFFSITES — SECTION 600

Section 600 contains product and by-product storage facilities, cooling
water supply injection facilities and wastewater handling facilities.
Figure 5-15 illustrates these systemé which are common to all three feed-

stocks. The geothermal system was described previously in Section 4.
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Dried solids from Section 500 are pneumatically conveyed to six storage
silos each with a capacity of 65,000 cubic feet. Fifteen days of storage
~is provided at the maximum production rate (beet case) of 10.5 tons per hour.
Wheat and potato by-products have higher bulk densities, so more than 15
days of production can be stored. The by-product is shipped offsite in

tractor-trailers which are loaded pneumatically at a 1oédout station.

Process and cooling water are supplied to the processing units from a well
water system. Air coolers are used where practical to reduce the coolihg
water réquitements. At design conditions, the maximum cooling water demand
is about 6,000 gpm. Five of the total six wells can provide this demand.

The 16~-inch diameter, 300-foot deep wells are rated at 1,500 gpm each and

are spaced on a 1/4-mile grid. A well water surge tank provides an 80-minute
supply to the suction of the cooling water supply pumps (one 100 percent
spare). Warm cooling water from the process exchangers is returned to a
small surge tank from which it is returned to the same groundwater aquifer

through three injection wells.

Hydrocarbon storage facilities are isolated in a tank farm. Two 35,000-gallon

ethanol dry tanks provide intermediate storage for ethanol from Section 400.
Six product tanks provide an additional 3 1/2 million gallons of storage
capacity equivalent to two months of production. Ethanol product is shipped
.from the plant in tank trucks. Denaturant is metered in during tank truck
loading at.the truck loading station. Two fusel oil tanks also provide two
months storage of fusel oil production. It can be blended with the product
alcohol or shipped offsite by separate tank trucks. A 1,500-gallon benzene

tank provides the storage for a year's benzene makeup requirements.
Process wastewaters are segregated into two types: (1) clean condensates

and, (2) contaminated wastes. Clean wastes are collected in a surge tank

and pumped back to processing sections for reuse. These wastes contain
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only small amounts of ethanol as a contaminant and used for flume, wash
water and diffusion water'makeup'in beet proceésing and for starch slurry
makeup in wheat processing. Only the hydrocarbon stripper bottoms is
available as clean wastewater in the potafo processing case. It normally

would be used as part of the potato wash water,

Contaminated wastes include blowdown water from the silt ponds (beets.‘
and potatoes), @otato mash centrate, fermenter cleaning wastes, stillage
centrate (potatoes) and general wash down water. The peak waste flow

is abouf 500 gpm (during potato‘prbéessing). Waste treatment consists

of equalization, dissolved air flotation (DAF) and activated sludge
treatment. The mixed equalization basin provides four hours of detention.
Most of the suspended matter is remo#ed in a DAF unit. DAF effluent is
biologically treated to remove soluble organics and the biological solids
are removed in two parallel- gravity clarifiers. Clarifier overflow is
puﬁped either to discharge or to reuse in front end processing. The sludge
streams are combined and vacuum filtered for on-site disbbséllin a landfill.
A sulfonation unit is provided to detoxify the sterilization chemical used

~—

in fermenter cleaning.

5.8 GEOTHERMAL - ENERGY REQUIREMENTS . -

Gedﬁhermal'energy requirements (steam) for the production of ethanol from
beets, from‘potatoes, and from wheat are summarized below. Beet conversion
requires about 50 percent more geothermal energy than either of the other
two feedstocks. The beet byproduct recovery section (Section 500-A) is a
particularly large energy consumer. The higher (gross) heating value of
ethanol is about 84,750 Btu{s per gallon. The geothermal energy input
represents a fairly large part of the thermalvene}gy value of the product

ethanol.
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Table 5-9_

GEOTHERMAL. ENERGY REQUIREMENTS

Beets Potatoes Wheat
MM Btu/hr MM Btu/hr MM Btu/hr
Section 100 37.4 - -
Section 200 - 174 =
Section 300 - - - ~10.5
Section 400 84.7 84.4 : 84.5
|
Section 500 | 85.4 29.1 43.2 L
Total | | 207.5 130.9 138.2

Btu consumed per gallon : :
ethanol produced 81,180 51,250 54,030
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Section 6

ECONOMIC ANALYSIS OF GEOTHERMAL ALCOHOL SCHEME

"Capital and operating cost esti@ates were prepared for the conceptual

geothermal-alcohol facility. Tbese costs were used in an economic
analysis to determine,alcohol‘sélling prices under a range of economic

conditioms.

6.1  CAPITAL COST -ESTIMATE -

The capital cost estimate for‘tbg multiple feedstock ethanol production

facility was prepared from the conceptual design information. In order

to provide a comparison, the three feedstock cases were also costed as

separate plants, each with its,@wn handling, fermentation, and processing
facilities sized individually_td}produée 20 million gallons per year of
anhydrous ethanol. The cost of the geothermal production facility, includ-

ing production wells, feinjectioqf&ells and energy extraction facilities,.

are estimated separately. Tablefﬁ—l summarizes the estimates:

Table 6-1

CONSTRUCTION CAPITAL COST ESTIMATE SUMMARY

Overall ethanol plant . .. o . 64.0
Ethanol plant using sugar beets only - 51.6
Ethanol plant using potatqés only ;f‘43.1
Ethanol plant using wheat énly' SR B 40.4 -

Geothermal facility L SR . 21.0
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6.1.1 Estimate Basis

The estimates are based on the conceptual design and engineering informa-

tion prepared for the study in the form of engineering flow diagrams, out-

line specifications, and equipment lists. Estimating methods consistent
with the conceptual nature of the design information were employed and
rely on informal vendor contact as well as extrapolation from Bechtel

historical information.

The cost estimate is composed of field costs, engineering services and
contingency. The lafgest category, field costs, cbmprises the direct
‘cost of permanent plant equipment and the indirect cost of temporary con-
struction materials, supervision, etc., that are to be distributed across
the entire facility. The estimate anticipates an engineer-constructor

direct-hire operation employing field construction labor forces,

6.1.1.1 Pricing Levels

The estimates have been prepared at first quarter, 1980, price and wage

levels. No allowance has been made for futurexescalation,

6.1.1.2 Field Comnstruction Costs

The direct field construction costs of permanent plant equipment, materials,

subcontracts, and construction labor have heen included in the estimate on

the basis of the following discussion.

Equipment. Budgetary quotations based on conceptual designs and specifica-

tions were obtained verbally or in writing for approximately 70 percent of

the equipment items. Some of the major items are:
] Beet Washer
] Continuoué Slope Diffuser
e Pulp Presses

e Trash Screen and Sump

6=2
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'x Rogk.Catcher]

. Béet Slicer

o :VPétato Mash Pump

® Rotary Steam-Tube Dryer

e Potato Mash Centrifugé

) Centrifggal Separa;o:n

® Distillation‘Colﬁmns and Tfaysr‘
e Cooling Water_Weils

e Vacuum Filter

® G;avity Clarifier

e Geothermal Wells and Pumps

Bulk Matetial.‘ The'cdst‘of bulk materials iﬁcluding piping, instrumenta-

‘tion, electrical, civil and structural were estimated as a percentage of

the mechanical equipment based on similar plants, historical information

and recent studies.

Construction Labor. The construction labor costs for the installation of

the plant equipment are based on labor confracts ‘and fringe benefits for

the south~central Idaho area.

A composite rate of $17.00 per hour was used and is based on a craft mik
approﬁfiate to the type of construction, togethéi with a 2.5 percent
allowance for casual overtime. Sufficient manual labor to complete the
projéét within the construction schedule is assumed to be available in-

the project vicinity.

Subcontracts. Subcontracts for equipment and materials commonly installed
by subcontractors were estimated and priced in accordance with Bechtel

experience.
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Indirect Field Costs. The indirect field costs represent those activities

that cannot be ascribed the direct portlons of the faciltiy. and thus are

accounted for separately. They were estimated based on plants of a

similar nature resulting in an assessment of 65 percent ‘of direct labor

costs.

The items covered by indirect field costs are:

material handling and surveying.

Temporary Construction Facilities, TempOrer§‘bui1&ings;
working areas, roads, parking areas, utility system, and
general purpose scaffolding. '

Miscellaneous Construction Services. General job clean-
up, maintenance of construction equipment and tools,

1

Construction Equipment and Supplies. Construction equiﬁ—
ment, small tools, consumable supplies, and purchased
utilities.

Field Office. Field labor of craft supervision, engineer-.
ing, procurement, scheduling, personnel administration,
warehousing, first aid, and the costs of operating the
field office.

Preliminary Check-Out and Acceptance Testing. Testing of
materials and equipment to ensure that components and
systems are operable.

Project Insurance. Public liability, property damage,
and builder's risk insurances.

6.1.1.3 Engineering Services

The engineering services 1nclude engineering costs, other home office costs

and fee.

Engineering includes preliminary engineering, optimization

studies, specifications, detail engineering, vendor-drawing review, site.

investigation, and support to vendors. Other home office'costs‘comprise»

procurement, estimating and scheduling services, quality assurance,

acceptance testing, and construction and project management. Fee is

included as a function of the total project cost.
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The sum.of these three categories falls into historically consistent
percentages -in the range of 10 to 20 percent, depending on the complexity
of the project. For this study; a figure of 15 percent of field construc-

;ion costs has been used‘as tgpical fprra plant that, while new in concept,

~does not depart radically from basic engineering principles.

6.1.1.4 Contingency

Included in the estimate is a.contingency that exists within the conceptual
design in quantity, briéing or productivity and that is under the control
of the constructor and within the defined scope of the project. Implicitly,
the allowance will be expended during the design and construction of the
project and cannot be considered as a source of funds for overruns or addi-

tions to the project scope.

Experience shows, however, that it is‘qdite difficult to assess the degree
to which future processes are understood in the hardware sense. Thus, if
the concéptual arrangement‘of the plant contains major uncertainties, or
the design duty of plant components prdves to be more severe than antici-
pated, or/if'additionél'ﬁéjdf éubéistems are utlimately found to:be

necessary, then the scope of the project is deemed to have been inadequately

-defined and this then would not be covered by the contingency allowance.

A nominal figure of 20 percent has been used for this study.

6.1.2 Qualifications

The follbﬁing are the major items for which design data was not available

when the estimate was prepared-and required the use of historical data

-and previous studies:

‘e  Site specific items which affect civil/structural costs

e Piping, instrumentation and éléztrical’systems
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6.1.3

VVExclusions

The following items are excluded from the scope of: the study and from the

estimate:

6.1.4

All facilities beyond the hypothetical site boundary

Any special cbnstructipn suéh as widening and strengthen—
ing existing roads

Ecolbgical and environmental considerations other than
those incorporated -in the -present conceptual design

State and local taxes

Future escalation |

Site investigation and land acquisition

Client engineering and similar client costs

Allowance for funds during construction

-Process royalties and licenses -

Training of plént operators

Initial cﬁérgés, stécks of opératiné supplies and spafes.

Plant startup and operations

Conceptual Estimate

The previous discussion of estimate bases and qualifications form the basis

of the cost summaries contained in Table 6-2,

6.2

OPERATING COST ANALYSIS

* Operating and maintenance (0&M) costs were estimated for ‘both the geothermal

extraction system and the alcohol facility. Initial feedstock costs (de-

livered) selected by Bechtel and approved by DOE were:

Sugar beets @ $25 per ton = $1.03 per gallon of alcohol produced

Potatoes @ $1.50 cwt = $1.23 per gallon of alcohol produced .

Wheat @ $4.20‘per bushel = $1.41 per gallon of alcohol produced
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-‘Table 6-2

" CAPITAL COST SUMMARY

‘(Base Case)

Sugar Beet Preparation
Pota;o Preparation
Wheat Preparation
Product Recovery

By-Product Processing’

'Off-site, Excluding Geothermal Facility.
' Yard Facility and Utilities

TOTAL DIRECT COST |
Indirect Cost
TOTAL FIELD COST-

Engineering Services

‘Contingency

TOTAL CONSTRUCTED COST

GEOTHERMAL FACILITY

ST

(A1l pfiéé &HWaéerievels é;llgtrQuarﬁer, 1980.)




Based on a 4/5/3 month processing sequence, the average feedstock cost is

equivalent to $1.21 per gallon ogialcohol produced.

In February 1980 DOE recommended the.foiioﬁing less optimistic feedstock

costs:
e Beets @ $31/ton = $1.28/gallon
e Potatoes @ $3/cwt = $2.45/gallon

e Wheat @ $4/bu = $1.34 gallon

It should be noted that feedstock costs, more than any other factor; very
significantly affect the production cost of alcohol. Using the DOE costs
above, one calculates that feedstock costs represent $1.79 per‘gallon of

alcohol prbducéd on the same 4/5/3 processing sequence basis.

Clearly, one would not choose to convert potatoes at $3 per cwt into alcohol

if there were,lbwer cost feedstocks available.

Direct operéting and maintenance costs for the four-month‘beétlfive—month

potato/three4month wheat operation are summarized in Table 6-3.

Table 6-3 - !

ESTIMATED ANNUAL DIRECT O&M COSTS

Item $1000s . ¢/gal alcohol
Chemicals : | 2886 13.7
Electric power (25 mills/kWh) 1102 5.2
Manpower (including administrative) 5264 25.0
Operating supplies & maintenance )
materials 1700 8.1
Local taxes and insurance 1700 . 8.1
Lease payments o 60. 0.3
12,712 60,4
6-8
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geothermal-alcohol operation.

Direct operating costs for the geothermal facility are quite low and consist
mainly of electric power costs K$350,000), scale depressant costs ($105,000)

and operating and maintenance labor and materials costs.

The total plant staff was estimated at 160 full-time personnel consisting
of: | '

e 87 operators and shift foremen
] 31 maintenance personnel
e 25 day laborers, guards, and clerks

. 17 technical, medical, and administrative personnel

At first quarter 1980 wage and price levels, manpower costs represent
25¢ per gallon of ethanol produced. Chemicals are the next highest direct
cost element. Ehzyme costs are over 80 percent of the total chemical

costs. ‘Both the denaturant cost and its volumetric addition to product

alcohol were excluded. Two percent of the total constructed cost was

allowed for operating supplies and maintenance materials and also for local

taxes and insurance. A small annual cost is also incurred for private

and federal lease payments. Lease arrangements are discussed in Section 8.
It was assumed that about 400 acres of private land and about 640 acres v
of federal land would be leased. The bulk of the lease 'payments would go

to private landowners.

~

6.3 ECONOMIC EVALUATION

Capital cost elements were combined with annual O8M cost elements under a

number of assumed economic conditions to. analyze the economics of the -

Economic parameters were:
° Escalation
e Return on equity:

e Debt to equity




,jo . .Interest rate on debt
‘o Feedstock costs

e By-product value
) Tax credits

e Alternate energy costs

e Two and one feedstock plant'opérations

A discounted cash flow (DCF) program was used to calculate alcohol selling
prices for different values of the above economic parameters. Common to
all cases were: .
e Plant operating life © 20 years
e Plant construction period - = 1980 - 1981
e  Depreciation schedule 9.5 years, double declining
: . : : : balance for new equipment;
.40 years, straight line for
new buildings '

e Debt répayment period 20 years

To the $85 million total constructed cost of the géothermal—alcohol
facility were added: '

Land costs $100,000 (60 acres @~$1650/acre)

Other owner costs $1,280,000 ' (2 percent of $64 million)
Startup costs $2,560,000 (4 percent of $64 million)

to arrive-at a total capital investment of $88.94 million (excluding only
allowance for funds during construction and working capital). The land
cost is assumed to be the only non-depreciable investment other than

working capital — which is expensed.

6-10
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Base case economic conditions selected for the parametric sensitivity

study are:

0 percent escalation
15 percent return og.equity
60 percent debt/40 péfcent equity
12 percent interest on debt
$31 per ton beet cost
- $83 per,cht potato co;t
$4 per bushel wheat cost
$100 per ton by-product value
: 20 percent#investment tax credit
46 percent federal income tax

6.5 percent state income tax

Straight escalation was copsidered first and then a differential escalation
scheme was used throughout fheirest of the sensitivity runs. Zero escala-
tion keeps all costs and revenues at first quarter, 1980 dollar valués,

As noted in Section 6.2, direct costs for feedstocks and the other o&M
items totalled $2.39 per gallon of alcohol. The calculated selling price
of $§2.76 pet gallon includes a by-product credit of about $0.35 per gallon.
The margin of $0.72 pér gallon is required to cover debt, interest, and
income tax payments plus the 15 percent return on equity over the life of
the project. On the basis of the initial feedstock costs listed in

Section 6.2, the calculated selling price is abéut.$2.28'per gallon.,

Table 6~4 summarizes the results of the parametric studies. Alcohol selling
prices for 1980 (base dollar), 1982 (first year of operation), 1992 (eleventh
year of operation), and 2001 (twentieth year of operation) indicate the impact
of geometric escalation. Most of the cases include a differential‘escala—
tion in which feedstock costs and by-product credits are escalated at 4 per-
cent per.year and all other costé and revenues are escalated at 8 percent

per year.

6-11
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Parameter-

Escalation

Return on equity
Debt to equity
Interest on debt

Feedstock costsf

e

£

Table 6-4

ALCOHOL PRICE SENSITIVITY TO ECONOMIC PARAMETERS

Value
0 -
8%/year
12%/year
8%/4% -

‘:differential

157%-
20%
25%

- 0/100
60/40
~ 80/20

10%
12%
147

90%
100% -
1102

Alcohol Selling Price, $/gal.

Tax Credits

2.65

Economic Basis 1q, 1980 1982 1992 . 2001

Base Case 1 2.76 2.76  2.76  2.76

- ‘ 2.68 3.12 6.74 13.48

— 2.31 3.33 10.35 28.69

Base Case 2 2.14 2.50 5.39 10.77

Base Case 2 2.14 2.50 5.39 10.77

- 2.32 12,70  5.84 11,67

- 2.49 2.90 6.26 12.52

- 2.3 2.69 5.80 11.59

Base Case 2 2.14 2.50 ;5.39“f 10.77

- 2.06 2.40  6.19 . 10.57

- 2.11  2.46 5.32 10.63
Base Case 2 2.14 _2.50 ~5,39 10.7? B
—~ 2.17  2.53  5:47 10.93 .

- 2.01 2.34 5.05 10.10

Base Case 2 2.14 2.50 5.39 10.77

- 2.27 5,72 11.43

r-rm r-rC oo e o Yo

$1,000.

7,247

09,341
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Parameter

By-product vélue

Wheat & Potato
facility, .
$60.8 million
capital

Wheat only
facility,
$56.2 million
capital .

Valﬁé ~
$100/ton"

T$110/ton
$120/ton

7/5 mo. operation
$3.50/bushe1

. $4.00/bushel
$4.50/bushel

Table 6-4 (Continued)

Economic Basis -

‘Baée Case 2

Base Case 2

Ot

- Base Case 2

Alcohol Selling Ptice; $Yga1.

< r%finw;&f'? [ ah B il S i c cut i A ouh N IR SR N S ‘[ffY‘:l"”J

Tax‘Credits

10, 1080 1982 1992 2001
2.14  2.50 5.39 10.77
2,12 2.47° 5.32 10.64
2.09 2.09 5.26 10.51
2.02  2.36 5.10 10.20.
1,50 175 3.79 7,57
1.63  1.90 4.10 8.19

1,75 2,04 4.40

8.80

$1,000

;




Without escalation considered in the economics, alcohol would have to selll
~ for $2.76 per gallon (current day) for the project to realize 'a reasonable

| return on investment. One cannot imagine a venture based on fhése economic
conditions, principally because the base feedstock price for potatoes is
unattractive. As escalation (geometric) is allowed to be inciuded, the cur-
rent day selling price drops because the 15 percent. return on equity includes
income in inflated dollars over 20 years. A differéntialgescalation rate
was then selected which basically assumed that all costs and revenues will
escalate at 8 percent per year, except the feedstock costé andxghe animal
feed by~product which will escalate at only 4'perceqt péf;year;<.This dif-
ferential escalation resulté in a current price of $2.14 per gallon of

alcohol — still unattractive.

The various economic parameters cohsidered in the sehsitiﬁity séhdy are
important to potential investors in evaluating benefits versuslfisks and
the combination of parameters that would make an investment attractive.
Return on equity or return on investment is a measure of the profitability
of a project. Increasing the desired return, of course, increases the
selling price of alcohol. If the resulting selling price is above the
market value (as is the case indicated in Table 6-4), for é particular
desired or minimum acceptable return, the project is unsound. Various
financing plans may be considered. A high equity position may be attrac-
tive for a large company. A high debt position may be the only realistic
possibility for a local venture group. A.geothermal loan guarantee may
be available to help obtain debt financing at a relatively low interest
rate. bThe debt portion cannot exceed 75 percent of the-aggregéte cost

of the project. The interest fateron long—té:m debt does not have a

major impact on the selling price of alcohol, -however. -

The (20 percent) investment tax credits are largely unusedfbecause'the
project has no taxable income during the fitst several years of operation

when depreciation write-offs are high. Under new tax laws, the 10 percent

. : ' \ |

4

—
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. energy tax credit is excluded from the seven—year limitation. The dis—

counted cash flow program used does not include the new energy tax credit

provision and hence, about $9 million are not properly credited in all of
the cases. Inclusion of the credit would reduce the 1980 selling price by
about 3¢/gallon.

As indicated in the operating cost section. feedstock cost is a significant

,economic parameter. Under the assumed base case economic conditions,“a

‘10 percent variation results in a 6 percent change in the alcohol selling

price The impact is more pronounced ‘when costs of individual feedstocks
are looked at in one- or . two—feedstock operation cases. . If the sugar beet
portion of the plant were eliminated and the two-feedstock plant then

operated seven months on wheat and five months on. potatoes, the 1980

’lalcohol selling price would only drop $0 12 to $2 02 per gallon If a

wheat—only alcohol facility was: constructed and operated with wheat costing

$4 per bushel, the 1980 alcohol selling price would be only $1.63 per gallon.

Even with wheat at $4 50 per bushel the alcohol price of $1.75 is still

attractive.

LU

. This economic analysis indicates that the average feedstock costs would have

to be s1gnificant1y lower than assumed here for a three—feedstock alcohol

Vfacility to be economically feasible. In particular, one could not afford

to pay more than about $1.50_ per cwt for‘potatoes. An alcohol facility
processing only wheat year—rOund however, looks quite attractive for two
reasons: (1) the capital investment for both the alcohol facility and the
geothermal facility would be lower ($56 versus $85 million) and (2) wheat.
is a relatively cheap feedstock in cost per gallon of ethanol produced A
facility proces31ng wheat for eight months and sugar beets for four months

would also produce alcohol somewhat cheaper than the three-feedstock facility.

For a smaller-scale‘facility. the capital investment and the operating costs

per unit of alcohol production would be higher. Under the same financial
conditions, a wheat-only facility would probably yield the lowest cost

6-15




alcohol. Using a 0.6 scale factor, the capital cost for a 10-m11110n—gallon-
per-year wheat—only f3011ity (including geothermal) would be about $36 m11-
lion. Under the base case financial conditions, it is estimated that the

.current day alcohol selling pr1ce would be about $1.80 per gallon versus'

‘$1 63 per gallon for a 20—million-gallon—per-year wheat-only fac1lity.

For a five-million-gallon-per-year capacity plant, the alcohol se111ng

price would be a little over $2.00 per gallon.

Both the federal government and’ the State of Idaho are encouraging the use
of gasohol through tax 1ncentive programs. ‘The federal government allows

a 4¢ per gallon excise tax exemption for gasohol Wthh is equivalent to a

40¢ per gallon subsidy for the alcohol portion of the 90:10 blend A crude

0il entitlement credit of about 5¢ per gallon of alcohol is also being '

allowed. 'The'Stateiof Idaho also allows a 4¢ per gallon gasoline tax exemp—

‘tion for gasohol and a small income tax credit for alcohol- producers in the
- ‘state. The income tax credit is 0.8 percent in the first year of production

i and‘drops by 0.2 percent in each of next four years. These credits (equi—

valent to about 85 cents per gallon ‘of alcohol) allow wholesalers and
retailers to buy expensive alcohol, blend it with unleaded regular gasoline,

and sell a premium fuel at a price not much above unleaded regular. While

-$1.80 per gallon of alcohol would be a good selling price, alcohol even at

$2.00 per gallon may still be attractive to wholesalers and retailers under

the current tax incentive programs.

The cost of geothermal energy was also estimated under the base case
economic conditions as about $3 per million Btu's of heat 1nput to the c
prOCess.v Figure 6-1 shows the effect of steam costs on the price of ‘
alcohol. The geothermal energy system (capital and operating costs) adds
about’ 18¢ to the 1980 alcohol selling price. On a cost basis, ‘this is a
relative bargain compared with the purchased cost of steam generated from

gas or oil fuels. Fuel costs alone would exceed $3 per million Btu's.
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Section 7

PRELIMINARY IMPLEMENTATION PLAN FOR
' DEMONSTRATION FACILITY

A geothermal—alcohol facility of the type conceptualized here could be
operational by early to mid-1982. _However, many. steps need tovbe taken
to bring this concept to_fruition.~‘Among them arevidentification of
potential participants'and development ofhan'infrastruetufe capable of
handling geothermal, agricultural, governmental, financial, marketing

and transportation aspects of the project.

Interest in participatiné inithis type of project has been widespread in.
Idaho. Benefits will also be?derived from the project, e.g., direct
employment'during constrnction.and operation, some stabilization of crop
production and perhaps agricultural prlces, and the extension of available

motor fuel supplies in the region o

7.1 _ DEFINE PROGRAM GOALS

The implementation program should have as 1ts primary goal the establish-
ment of a geothermal—alcohol demonstration project of a commercial scale
in the Raft River- KGRA. . To: be : suecessful the project must be economically
feasible and present an acceptable risk to potential investors. -The
project must also have the support of local communities, agr1cu1tura1

assoc1ations, and local and state government.

Tablei741 iists mejor implementetion:planﬂactivities which need to be
carried out to achieve the goal of a successful demonstrationfproject.
At this point, a specific timetable for accomplishing each -activity cannot

be given, but approximate activity durations are listed. Many activities




(A

Duration

2 months

2 - 6 months
3 -6 months

3 - 6 morniths
3 -6 months

6-12 months
4 -6 months
6 - 9 months

2 -4 months

12-16 monqhs

Table 7-1

IMPLEMENTATION PLAN ELEMENTS |

-Activitz

Information ;ransfer

Formation of project venture group

Assessment of feestock availability
and potential supply contracts

Marketing arrangements for fuel-grade
alcohol

Marketing of by-product as animal
feed supplement

Development of feedstock‘receiving
station network and contract hauling

, requirements

Development of exploratory geothermal

data -

Procurement of land, leases, and
water rights :

‘Demonstration of technical aspects

Development of permitting require-
ments, application preparation and
approval

r— r—

Organiiétions Involved

Study contractor, DOE - public

Refiners, wholesalers, farmers,
ranchers, grain & feed dealers,
KGRA landowmers

Venture group — growers associations,

farmers, commodities and agricul-
tural specialists, current purchasers

Venture group — refiners, products
wholesalers and retailers

Ventore'group-—*animal feed suppliers,
feedlot operators, cattle ranchers

Venture group — growers associations,

storage facility operators, trucking
firms

Venture group —-geOthermal resource
experts, drilling companies, and
KGRA landowners

' Venture;group — BLM (federal lease

bids), private landowners, real
estate agents, State of Idaho

Venture group — DOE, EG&G Idaho (RRGP),
pilot equipment suppliers

Venture group — BLM, USGS, EPA, DOE,
State of Idaho, local government

., agencies

r— o r—oro (:; .




Duration

12 - i6 monrhsv
6-i2 monﬁns‘f
4-6 nonths "
2-4‘nnntns :

‘6-—12 montns .

w 3 months

12-16 monthse

o

" Table 7-1

Activity

bevelopment of environmental baseline
data and ER preparation

Tdentification of financial lenders
and approval of loan applications

Preparation of definitive scope and
cost estimate

Engineering/procurement/construction
(EPC) bid requests, evaluations, award

Application for and approval of geo-

"thermal loan guarantee (if desired)

Public hearings on environmental
aspects

Execute EPC actlvities to construction
completion ‘

(Continued)

) D e o ) ) o) !?7?'Kffiwl

Organizations Involved

Venture group — DOE, USGS, environ-
mental services firms, local agencies

Venture.grnup — principals, private
and public lending institutions.

Venture group — Title II engineering
firm :

Venture group. -Title III EPC firms
on bidder's 1ist : :

Venture group — DOE

Venture group — lead agency and public

Venture group. —-Title III engineering
f1rm, ‘subcontractors v




will need to start early and run concurrently in order to avoid potential
costly delays. The compositidn of the venture group wiil also affect

the timing and efficacy of carrying out these activities. "The availability
of equity capital and human resources (project management technical
environmental and financial specialists) within the venture group will

enable effective planning and execution of the project,

Potential participant§ in such a project include:
e 0il companits (petroleum refiners and products distributors)
e  Gasoline wholesalers and retailers
e Farmers and cattle.ranchers
e Grain and animal feed dealers and feedlot operators
e Landowners in the Raft River KGRA

™ Other interested businessmen (real estate, commodity
brokers, and others)

‘e Current processors of agricultural products

e Potential users of low temperature geothermal energy

Specific individuals expressing interest in gasohol are not identified in
this report. A list of interested parties is available through Senator

Frank Church's field representative in Boise.

One of the first tasks for the venture group will be to define the scope
of the demonstration project. As indicated in Section 6, constructed
capital costs for a 20-million-gallon-per-year geothermal—élcohol facility
would range from about $56 million to $85 million, depending on the feed-
stocks processed. The economic analysis indicated that wheat and sugar
beets are economical feedstocks while field run potatoes areigenerally
not. A smaller capacity plant designed for processing one (wheat) or two
feedstocks may be the best choice for a demonstration project becaﬁse of

the institutional constraints identified later in this section. This

7-4
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discussion is or1ented toward a larger—scale prOJect, but the same activities
would be required for a smaller-scale project. Feedstock availability and |
marketing activ1ties listed in Table 7—1 are necessary for this project

scope definition ' It is possible that a cattle feedlot operation could be
developed Jointly with the geothermal-alcohol progect. Applications for

low temperature geothermal energy utilization could be considered at this
stage because the alcohol facility, when operational will have large quan-
tities of 200+°F geothermal fluid available. Gary Crook's greenhouse
‘operation in the KGRA is a commercial demonstration of low temperature

geothermal utilization.

Geothermal resource verlfication w111 require geophysical investigations
including geochemical surveys, heat flow measurements and core dr1111ng
on private lands. Access for these investigations will have to be nego-
tiatedpwithrlandowners. At the same time, negotiation on lease/purchase
arrangements can beg1n. Nomination of units to BLM for competitive lease
bidding or noncompetitive lease applications should be filed. Exploratory
work on BLM leased land will be required Well drilling and construction
of the alcohol facility will require consumptive groundwater use. Ground—
water rights (and permlts) will have to be acquired before these act1v1t1es

can COmmence .

c°11éctiaﬁ'bf”éﬁbirbﬁﬁeﬁtéi'bAéeliné data,'environmentalrreport (ER)

_preparation and - permlt applications preparation are long-term activitiesvi

which likely will require the services of environmental spec1alists working
with the venture group. Environmental restrictions in the geothermal
leases will also have to''be met during development of the geothermal
resources. - When a draft~environmenta1 impact ‘assessment “or environmental
impact statement has been issued by’ ‘the ‘lead agency, the applicant (venture
group) will be involved in public hearings, ‘ ‘

Two other major activities involve financing the project and constructing

the project. Before debt financing arrangements can be concluded, a




definitive project scope and cost estimate must be prepared. Title II
"engineering and cost estimation will usually be sufficient to obtain
financing for the balance of the debt capital required. Economic analyses
should be reviewed at various stages to ensure that the prOJect still 7
remains economically attractive. If a geothermal loan guarantee is to ber
sought, a detailed project scope and milestone schedule, a detailed budget
breakdown, and projected cash flows over the life of the progect must be
submitted as part of the supporting information Supplementing the guarantee

application.

Final engineering, procurement, and construction (Title Ili) activities
will take on the order of 12 to 16 months from project award. The bulk of
the capital expenditure will occur during this phase. After construction
completion, pre-startup testing, startup and successful perfornance testing,

the venture group accepts the project and begins commercial operation.

.Successful implementation of a geothermal-alcohol project will require
many successful steps along the way. This brief discussion only highlights
major activities and the type of organizations which need to be involved

in these activities. The project will be complex because of the unique
combination of geothermal resource development and utilization with

ethanol production from renewable resources in a non-industrial environ—_
ment. Site-related requirements including environmental consequences are

examined in Section 8.

7.2 INFORMATION TRANSFER

Information transfer is a means of stimulating interest in a private
geothermal resource development whether by fostering implementation of
a geothermal-alcohol project or by helping to develop concepts for other

applications of geothermal energy.
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to demonstrate the technical feasibility of both operations.

An: information transfer program recommended during the course of this
study included:

e An open project review presentation in Idaho Falls
(completed in February 1980)

® Presentation of papers at the AIChE 79th National Meeting
in Portland, Oregon and at the IECEC conference in Seattle,
Washington (completed August 18 and 19, 1980)

e Public forum presentation of the study results in one or
‘more Idaho communities (subsequently cancelled by DOE)

At DOE's request,'a presentation of the study results was made at the

Geothermal Resources Council meeting in Boise on June 18th.

7.3 TECHNICAL DEMONSTRATION

The objective of using conventional technology throughout the design of
the geothermal facility and the alcohol production facility was to mini-
mize the need for technical demonstration. Two technical areas do need
to be confirmed through demonstration testing: (1) long-term scaling and
fouling control in the geothermal flash system and, (2) fouling and foam—
ing control in sugar beet juice concentration. Both could be tested
simultaneously in the Raft River Geothermal Project facilities under DOE

sponsorship (with funding provided by the venture group). Skid-mounted

flash vessel units and multiple-effect evaporator units could be rented

rather than fabricated. Three months or less of testing would be adequate

7-7
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-Section 8

SITE INSTITUTION REQUIREMENT FOR
DEMONSTRATION PROJECT

.The'Raft'River geothermal resource_area'isfin a relatively undeveloped

portion of the state. Commercialization of geothermallresources will
impose stresses on the Raft River area as well as provide benefits for the
area. A geothermal—alcohol project such as conceptualized here, would
induce expansion of the local population and'a demand for community
services, as well as increase local traffic by movement of people and
materials in and out of the area. Institutional requirements are discussed

in the following subsections on the basis of a 20-million~gallon—per—year

" geothermal-alcohol facility. Major constraints in the implementation of

"~ this size demonstration project are identified.

8.1 . FEEDSTOCK AVAILABILITY -

The study has focused on ‘three agricultural'products grown in significant

. amounts in the south-central region of Idaho. '"The annual production of

each is sufficient to Support a 20—million-gal1on-per-year ethanol produc~

tion- facility.. However, the total crop production cannot be considered

_ available as feedstockofor the alcohol7facility. In fact, on a three-

crop basis,‘the'conceptual facility is about the largest that the area

. could conceivably support without severely distorting existing market
relationships. o : (A R

"Figure 8-1 is a general cropland map showing the geographic‘relationships
- of the geothermal area with the’ potential feedstock production areas, The

potential cropland area indicated in Figure 8-1 is not all under cultiva-
tion. In 1975, according to the U S. Department of Commerce, a little over.

2 million acres in Cassia, Jerome, Twin Falls, Mlnidoka and Power counties

were in farms.(lo) The cropland acreage in these five counties was about

1.3 million acres, of which more than 500,000 acres were planted in

wheat, potatoes,»and sugar beets.(2 10)
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Cropland map of region around Raft River Valley.

Figure 8-1.
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Most of the cropland lies on either side of the-Snake River, which is

north of the KGRA. - Collection and transportation facilities in this belt
are presumably in place, having been developed and maintained by existing
producer-consumer relationships. There is significant storage capacity in

the area for both potatoes (about 25 percent of production) and wheat

. (about 400,000 to 450,000 tons). Wheat can be grown on nearly all of the

cropland acreage;' Potatoes and sugar beets are limited to areas where
irrigation water 1is relatively abundant. Since groundwater resources are
a critical problem, especially in the Raft River Valley, it is unlikely ‘

that significant expansion of'acreage for these crops.can be achieved.

Currently, Amalgamated Sugar Company contracts for the bulk of the sugar

beets grown in the region. Beets are delivered by farmers to their receiv-

"ing stations for transshipment to the Paul (Mini-Cassia), Idaho beet sugar
- factory. Operation of the geothermal-alcohol facility for up to four months

7 on-sugar beets would require contracting with growers for nearly 300,000

tons of beets, or roughly 15,000 planted acres. Direct competition with
Amalgamated for some portion of this acreage is very-likely. "A receiving
station network (roadside) and a transportation system also need to be -
developed. Contract hauling might be‘preferable to an owner operated
truck fleet. Off-site storage of most of the beets with daily hauling

to the plant ought to be conSidered as'a means of minimizing the hauling
fleet réquired Sugar ‘beets must be processed in ‘the winter months just
aftefthatvesting.' Five’ months is about the maximum storage life without

significant degradation.'

At potato production costs of up to $3 per cwt, the alcohol facility cannot
economically operate on field run potatoes "Based on five months of opera-
tion, the plant would’ consume about 27 percent of the total potato crop |

grown in the region. It is- unlikely that this percentage could be procured

_eXCEPtvinLYears;‘snch as in 1979, when production exceeds the demand. ~The

procurement approach each year should be to buy culls and perhaps'potato'
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wastes supplemented by only enough field run potatoes to provide a reason-
able length process run. Size, taste, texture, and appearance of potatoes
"are unimportant in the fermentation process so there is some procurement

advantage over potato processors.

-Wheat currently is the most attracfive feedstock materiai from both a cost
and an availability standpoint. It is easy to grow, is not water intensive,
and can be stored for relatively long periods.v_Soft white winter wheat is
compatible with whole kernel processing and field run wheat can be processed
without wet cleaning. Storage capacity in the region exceeds 14 million
bushels and offers the opportunity for year-round procurement. Transporta-
tion costs for hauling wheat to the plant will be considerably lower on a

cents per gallon ethanol basis than for potatoes or sugar beets.

‘A wheat-only ethanol production facility is the most economically attractive
case for a demonstration project. The risk, which is inherent in all single-
feedstock alcohol facilities, is that wheat prices could rise enough in

the future to make the operation unprofitable. Other high starch grains

could theoretically be processed, however.

Primary transportation access to a proposed geothermal-alcohol facility
located in the KGRA is limited to Highway 81 running approximately north-
south through the Raft River Valley. Interstate Highway 80N runs in a
north-northwest direction through the northeast corner of Cassia County
about 15 miles away from the existing geothermal project. Another hard
surfaced secondary road runs west from Malta between the Cotterel and the
Jim Sage mountains. There is no rail service in the Raft River. Nearly
all feedstock and product materials would have to be transported on_Highj
way-81l. A minimum of 120 truckloads per day of beets or potatoes would
have to be delivered to a 20 MM gpy capacity plant. The mean héuling_

distance from roadside stations would be in the range of 50 to 60 miles..
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Assuming a two-hour round trip; some 25 to 30 trucks would be in tranmsit
on the access road in any hour during a 10 to 12 hour daily hauling
périod. Shipping of alcohol and dry by-product would also add two to
threeAtrucks per hour to the vehicle traffic. The carrying capacity of
this highway would not be exceeded, however, ﬁraffic congestion is likely.
For most of the year, the vehicle activity on this highway will be similar
to that on haul roads néar receiving stations at harvest time. The trans-
formation of the rather infrequéntly travelled road into a major haul road

will be an unavoidable coﬁsequence of a demonstration project of this size.

The trénsportation logistics problem points again toward a demonstration
project of a smaller size with wheat being the predominant feedstock

material.

8.2 ENVIRONMENTAL EFFECTS

A geothermal-alcohol facility constructed and operated in a primarily
rural area will have both positive and negative effects on the environment,
A full assessment is beyond the scope of tﬁis study and cannot be made
without adequate baseline data. Significant likely impacts are discussed
after a brief summary of the existing environment obtained pfimarily from

References 11 and 12.

8.2.1 Environmentai Setting

The -Raft River KGRA is located in the southwestern portion of the Raft
River Valley which is about 38 miles long by 12 to 15 miles wide. The
north-south trending valley is bounded on the east, west, and south by
fault-block mountain ranges. The valley is drained by the perennial Raft
River which flows northward into the Snake River. It is the oﬁly'perennial

stream in the valley. The floor of the valley averages about 4,600 feet in

elevation while the surrounding hill ranges attain elevations above 9,000 feet.
(11, 12)

The valley floor is relatively flat and slopes gently toward the north.
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The vailey is classified as a cold desert steppe with evaporation exceeding
urecipitation. Climate in the valley is semi-arid with an annual average
temperature of about 46°F (8°C) and extremes of -27°F (-339C) and 104°F
(40°C). Temperature inversions occur about 40 percent of the time during
the summer and about 50 percent of the time during the winter. Severe

(11)

dust storms occur on occasion, as do moderate thunderstorms. Precipita-

tion averages about 10‘inches per year.

The KGRA is located within the cold desert formatlon. The dominant~plant
species are shrubs such as greasewood, sagebrush and saltbrush. Small
portions of the area are used for agricultural purposes, primarily for the
production of small grains and alfalfa hay along with some grass pasture-

land. (11)

River Valley.

Cropland is more predominant in the northern portion of the Raft

Predominant mammals are herbiverous rodents. Some larger mammals are also
present. Six sensitive animal species are known to inhabit the KGRA, Of
these, the ferruginous hawk is the most important becauseiof its‘extreme
sensitivity to human disturbance. Active nesting areas are protected by
the BIM. No threatened or endangered specie is known to inhabit the

xcra. (11)

The Raft River Valley is very sparsely populated. Malta is the largest
community near the KGRA. 1Its population is about 200. Albion, located
somewhat further away to the northwest, has a slightly larger population.(ll)
Community services in the area are quite limited as would be expected in

a predominantly rural area with little commercial and manufacturing

activity to attract people.

The Raft River area is considered to be archaeologically significant. A
survey in the KGRA located seven sites and 13 finds. Six of the sites were
within a 2,5 km stretch of the Raft River and subsurface resources probably

exist in the immediate 1oca1e.(11)
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The Raft River‘Basin.was closed in 1963 to further appropriation of
groundwater because of declining water levels in the lower end of the
valley. About two-thirds of the total yield of the basin moves as ground-
water in shallow aliuvial and sedimentary formations. Groundwater quality
varies with depth and location. Irrigation wells in the vicinity of the
geothermal area show the inflﬁence of upward leakage from the geothermal
resource by higher temperature, fluorides, and dissolved solids than wells

away from the area.(ll, 12)

The KGRA is the most studied geothermal area in Idaho and thermalvwaters
are thought to originate in deep fault systems and circulate upward through
extensive fracture systems, A total of seven deep production and injec-
tion wells have been drilled. Water up to 300°F has been successfully

ai, 12) The mdderate-temperature resource is believed to be

pro&uced.
extensive enough to support major commercial development for direct utiliza-

tion of these resources.

8.2.2 Anticipated Environmental Effects

Major activities will occur during both the construction and operation
phases of the project. An influx of skilled labor will be required for
constructioh. The)peék labor force would be on the order of 200 to 250.
Some camp-type facilities would probably be located near the construction
site.’ Other workers might drive or be bussed in from more populated areas
in the north. Some unskilled or semi-skilled local residents could be

recruited and trained for construction and/or operation jobs to help the

llocal ecbhomy and to reduce the influx of temporary wdrkers, which also

initially lessens the strain on local ébmmuhity services.

Ekpansion'of the local population will'beginlduring construction with the
influx of some temporary workers. Expansion of retail trade establishments
may begin during the construction,period. Public services such as educa-

tion and health care will need to be expanded to meet the demands imposed
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by the additional population. The project may need to financially assist

the local communities in providing services through tax advances.

Major construction activities will include clearing and'grading the plant
site, constructing a road to Highway 81, shipping of construction materials
to the plant site, installing foundations and superstructure and buildings,
erecting the equipment, installing piping, electrical .and instrumentation
equipment, and pre-startup testing. Temporary facilities for power, water

and sewage will be installed, used; and removed.

Geothermal facility development will involve exploratory drilling on
several sites, production and injection well drilling, installation of

the fluid gathering and fluid diéposal piping networks, and pre-production
testing.

These construction-related activities will consume resources (land,

- materials, manpower, water, power and fuel) and alter the immediate.environ-
ment on and near the construction sites. Temporary adverse impacts will
include disturbance of wildlife by construction noise and removal of habitat,
modification of drainage patterns, increase in fugitive dust emissions,

local traffic congesﬁion, and increase in vehicle pollutant emissions.
Long-term impacts from construction will be primarily the loss of plant
species on cleared areas and the permanent displacement of the animal life
inhabiting these areas. Presumed archaeologically significant areas would

be identified and avoided in the siting stage of the project.

Environmental benefits from construction will primarily be economic in
nature. Direct employment opportunities will be provided in the Raft
River Valley. Some construction materials and services will be procured
locally. Some of the income derived from the project will be spent | |
locally, adding money to the economy of the area. Taxes will accrue to
local and state government which can help to finance needed community

services.
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The transition from construction to operation will involve short-term
adverse economic effects as non-local construction workers leave the area
and construction project expenditures drop off. ' At this time, employment

opportunities for operating personnel'will be developing.

Operation of the geothermal-alcohol facility will have some different and

some - more loﬁtherm impacts on’the‘ehvironmEnt; " Operational activities -

" will appear more routine and stable compared with construction activities.

Some 160 full-time peréonnel wiil be employed at a 20-million~-gallon-per-
year faéility.i-Tranéportation of raw materials into and products out of

the facility will be the major visible activity.

The plant itself will have a visual impact. Figure 6-2, presented

previously, is an illustration of'the plant as it would appear in the

“ valley-mountain context mear the KGRA. 1Its appearance will contrast -

sharply with the rural surroundings and may not be aesthetically pleasing

to ‘some ‘local residents or the the casual observer.

Onsite plant activities will ﬁormally'hévé'1itf1éveffeét on the surrounding
environment. Pollutant emission levels are expected to be low. ‘There will
be no stationary combustion sources. Process air emissions will comsist
primarily of fugitive dust, carbon dioxide, water ‘vapor, small quantities
of hydrocarboné'(aldehydE,:éthanoliandeUSel 0il), -and combustion products
from mobile equipment. ‘Notﬁally; there will ‘be no aqueous process effluents
(except - for treated sanitary sewage). *Gebtherﬁal'resoﬂrce use will be -~
largely non-consumptive. Some geothermal steam will be consumed in cooking
wheat and potatoeéland;SOme will be vented from the flash system for -/
control purposes.  Injection will be below tﬁe'shaliéwraquifers which
have been develbpéd for potable and for irrigation‘uses;°iCobling wéter'i*'

will be ‘used “in a non-consumptive éystem;»~Ffesh’water;w1114only be -

" required for potable useé},fNormally; the plant will be a‘net ﬁroducer’of

water (by virtue of the watef present'in the feed materials). Most of the
excess water will accumulate in the silt ponds in the form of wet sludge.

Some will evaporate.
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Significant amounts of solid wastes will result from processing the feed
materials, The bulk will be composed of rocks, trash and silt shipped in
with the beets, potatoes and wheat. It is intended that these materials

be confined and disposed of on-site (by burial) as the materials are

relatively inert.

Some disturbance of nearby wildlife will occur because of the noise and

activity associated with on-site operations.

The principal adverse impacts will result from the increased traffic

density in the vicinity of the plant and along Highway 81 throughout the
Raft River Valley. In a more industrialized environmental setting, the-
increase in highway traffic would go relatively unnoticed. In this rural
setting, the increase will appear dramatic at first, and then with time

the traffic density will likely be perceived as a routine, though unpleasant,
state of affairs.  Effects, in addition to localized congestion and result-
ing annoyance to residents, will include increased noise levels along the
roadway, increased combustion product emissions, a potential for increased
fugitive dust emissions, and a higher potential incidence of traffic

aceidents.

The socioeconomic benefits of a geothermal-alcohol project would be substan-
tial. A 10 to 20-year steady demand for agricultural crops will be a good
incentive toward stabilizing production of these particular crops in the
region. This steady demand would be a factor in helping to stabilize

farm prices by (1) reducing the farmers' risk of loss if a crop is over-
produced — the plant could absorb some of the overproduction by operating
longer on that particular crop, and (2) switching éway from a cfop in
~short supply so that its price is not driven excessively high. Stabiliza-
tion has good and bad aspects for Both producers and consumers. -.The -aim
of the project would be to procure agricultural crops at fair prices con-
sistent with the econpmic objective of producing ethanol at competitive

prices.
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By-product dry solids would be marketed as an'animal feed supplement.

A fair size (more than 20,000 héad)‘éattle feedlot operation could be
developed in conjunction with a 20 MM gpy geothermal-alcohol facility.
The by-product solids, though rich in protein, fat, and fiber, are not -
.complete feed materials. - A combined feedlot-alcohol production project
may be economically attractive, especially if wet by-product feeding can
be practiced. Environmental problems associated with feedlot operations
would have to be overcome. Consumptive use of groundwater and disposal
of manure are two areas ofjcqncerng ,Iheoretica11y, the manure could be
converted‘to low or medium Btu fuel gas, with .the residue refed to the
cattle. Groundwater rights woul& have to be acquired unless an existing
landownef with developed water were to be involved in the feedlot opera-

tion.

. Other direct economic benefits of the operating project include permanent

employment of the plant staff, income derived by the staff (about $5 million
annually), expenditure of part of that income in the local economy for
goods and services, taxes deriving to state and local governments, and

income to,suppliers”of,equipment,,materialé, power, and motor fuel

 purchasdd for plant operation.

Indirect benefits would include development of retail and wholesale services
in the area to serve the increased population, increased housing construc-
tion (initially, at least), and improvement of community services (although

at 'a cost to local and state agencies).

The alcoholgﬁxoductioneitSelf will have a significantﬂbeneficial impact.
Twenty million gallons per year of alcohol would equivalently displace

‘the gasoline consumption of abdut 30,000 automobiles. -This savings in

petroleum—dérivéd motor fuel is environmentally important in that a -
renewable resource would be displacing an expensive, non-renewable resource —

hopefully Vithoﬁtwa significant economic penalty.
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Overall, a geothermal-alcohol project would be beneficial to the Raft
River area if the project were implemented in a way -that would mitigate
the incrgased traffic and increased population impacts on the local
communities. Implementation of a smaller-size project would be one way .

of reducing the adverse impacts. Economic benefits would -also be reduced.

8.3 RESOURCE LEASEHOLD ARRANGEMENT

Private land acquisition is the simplest approach for a demonstration
project and was the approach initialiy envisioned for this conceptual
study. ‘Frank Glover's quarter section (R. 26E T.158 Section 25) was
initially considered as a site for the conceptual plant and the geothermal
wells. Based on subsequent discussions with EG&G-Idaho and DOE personnel
on the location and extent of geothermal resources in the KGRA, a revised
1ayout(c§ncept was adopted that would encompass both private and BLM

1

lands. The revised.concept provides more confidence that enough produc-
ing wélls will be available to provide the required geothermal fluid flow
over the life of the project. With a well layout such as indicated in
Figure 4-1 previously, the venture group would have to acquire leases

(with geothermal rights) on some private lands and some BLM lands. DOE

has also applied for withdrawal of 1,980 hectares (about 4,900 acres) of
the federally owned portion of the KGRA for research and development.

Some of the BLM lands and some of the private-lands are already leased

to various parties. TFigure 8-2 illustrates the extent of private and
federal holdings in the area of interest in the KGRA. Each number section

is one mile square (640 acres).

For unleased private lands of interest, three basic arrangements are
1likely:

1) Direct purchase of the land (with geothermél rights if
needed) at market value

2) Leasing the land with mineral rights for a yearly consid~-
eration with or without additional monetary incentives to
the owner based on successful geothermal fluid production
and financial success of the project

8-12

('.‘)4 - T

-
4

— T

e e

fio

iy
H



-

| ==

)

)

) Y
L

0

=4

-~ -

)

TP N RS T AH SIA

Ownership map in the vicinity of

the Raft River KGRA.

Figure 8-2,




- 3) Participation of the land owner in the project through
financial remuneration in exchange for all rights to the
land (and its minerals) for the life of the project. A
land owner may or may not be interested in providing
equity capital. :

Private land leased to others presents a more difficult proﬁlem. A lease
may or may not be acquirable through transfer or assignment, and the lessor
may not be interested in relinquishing the lease for consideration. If

a curfeﬁt lease could be acquired, negotiation with the owner for a suit-

able purchase/lease arrangement would then have to be successful,

In this study, purchaée/lease arrangements were discussed only with Messrs.
Gary Crook and Frank Glover. Both would consider lease arrangements or
outright sale of all or some parts of their properties. A 1977 ERDA
report (13) indicated that private land owners would likely ask yearly

. lease payments in excess of the fair market value of raw acreage in the

area. Purchase price would also be above market value.

Lease of BLM lands may be obtained through a competitive bidding procedure.
Leasing is authorized by the Geothermal Steam Act of 1970, with the BLM
administering the regulations for this law and the USGS administering
another set of regulations for exploration, development, and production
operations under federal lease. Generally, the BLM would offer units for
geothermal 1eésing through sealed bids to the highest bidder of the highest
cash bonus. Nomination of units for federal lease may be made to the BLM
by interested parties. A successful bidder on a unit must comply with

the general requirements of the lease and ény special stipulations which

may be issued.
A venture group interested in a smaller-scale geothermal-alcohol project

would have greater'flexibility in locating the project and acquiring,

through purchase or lease, rights to a sufficient geothermal resource
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supply. Consideration in the initial stage should be given to the addi-
tional resources that may be needed over the life of the project for

replacement wells and for facility expansion plans.

8.4 PROCEDURAL CONSIDERATIONS

Part of the‘inplementation plan activities will involve preparing permit
applications and preparing an environmental report (ER). A number of
federal and state régulations potentially will apply'to a demonstration
project ‘and several major permits will be required. Table 8=1 briefly
summarizes najor legislation and principal applicant activities or

pernits which may be required.

The venture group proposing a geothermal-alcohol demonstration project
would likely be required to prepare an environmental report on the
proposal activity, The applicants should consult with the lead agency
(probably DOE if a geothermal loan guarantee is involved) early in the
planning process‘to obtain guidance on the appropriate scope and level

of detail of environmental informatiOn to be submitted. A year's environ-
mental baseline data may be required ‘before the facility is permitted to
operate. Data.supplied,by the applicant provides the essential backf
ground material needed by the'lead_agency in preparing an environmental
impact assessmentr(EIA)ror an environmental iﬁpact statement (ETS). ERDA
has prepared a general guideline for:preparation of an environmental
report for geothermal development projects which can be of use to potential

private developers.(l4)

The geothermal lease(s) will contain general and specific requirements
with which the lessee must comply. The actions to be taken by the lessee
may require submission of plans ‘and specifications to the lease supervisor
for. approval, monitoring of activities and operations,>and documentiné

compliance by submlssion of records and reports. The lessee is also

| required to comply with applicable federal, state, and local env1ronmental
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" Table 8-1

ENVIRONMENTAL REGULATIONS AND PERMITS
POTENTIALLY APPLICABLE TO A
GEOTHERMAL-ALCOHOL PROJECT

Activity or Permit Required

ER (applicant), ETA, and perhaps
EIS (prepared by lead agency)

Lease requirements and stipula-
tions, GROs

Prevention of significant dete-
rioration

Comply with waste discharge
standards
Comply with EPA noise criteria

Avoid protected species

Approval of plans and specifica-
tions for loan guarantee

Geothermal permit, water right
permit

Applies to resources leased by
state (probably not applicable)

Permit to drill, modify, or
convert geothermal well

Legislation and Administering Agency

National Environmental Policy Act of
1969 (PL 91-190,42 USC 4321 et seq.)

Geothermal Steam Act of 1970 (PL 91-
581, 84 Stat. 1566), BLM and USGS

Clean Air Act Amendments of 1970
(PL 91-604, 42USC 1857 et seq.), EPA

Federal Water Poliution Control Act
Amendments of 1972 (P1 92-500, 86
Stat. 816), EPA

Noise Control Act of 1972 (Pl 92-574,
86 Stat. 1234), EPA

The Endangered Species Act of 1973
(PL 93-205, 87 Stat. 884), EPA

The Geothermal Energy, Research,
Development and Demonstration Act
of 1974 (PL 93-410, 88 Stat. 1086,.
Title II of the Act), DOE

Idaho Geothermal Resources Act of
1972 (Idaho Code Sections 42-4001

to 42-4015, amended 1974; Sections:
47-1601 to 47-1611, 1972. The Idaho
Department of Water Resources

Rules and Regulations Governing the
Issuance of Geothermal Resource
Leases, 1974. The Board of Land
Commissioners

Drilling of Geothermal Resources:
Rules and Regulations and Minimum .
Well Construction Standards, 1975.
The Department of Water Resources
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. ‘Table 8-1 (Continued)

Activity or Permit Required

Permit to construct

Waste water discharge permit -

Apbroval of plans and specifica-
tions for solid waste disposal

Permit to comnstruct, modify, or
maintain waste disposal and

; injection wells

Distilled spirits plént permit

" Legislation and Administering Agéncy

Rules and Regulations for the Control
of Air Pollution in Idaho, 1973.
Idaho Department of Health and Wel-
fare

Rules and Regulations for the Estab-
lishment of Standards of Water
Quality and for Wastewater Treatment
Requirements for the Waters of the
State of Idaho, 1973. 1Idaho Board

| of Environmental and Community

Services :

- Solid Waste Management Regulations

and Standards, 1973. 1Idaho Board
of Environmental and Community
Services ‘

Construction and Use of Waste Dis-
posal and Injection Wells (Proposed
Rule), January 23, 1979. 1Idaho
Department of Water Resources and
Department of Health and Welfare

The Internal Revenue Code of 1954,
(26USC 5171), Bureau of Alcohol,
Tobacco and Firearms, Department
of the Treasury
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standards (incorporated in legislation listed above), and with the USGS

geothermal resources operation (GRO) orders.(ll)

A number of local building-type permits will be required during construc-
tion of the facility. Normélly these types of permits are handled by the

construction contractor and his subcontractors.

The project will also have to obtain a Distilled Spirits Plant Permit from
the Bureau of Alcohol, Tobacco and Firearms (ATF), Department of the

Treasury. ATF is in the process of drafting legislation for consideration
in Congress that will simplify the regulations involving the produétion of

fuel-grade alcohol.

The permitting process can be somewhat lengthy. Collection of adequate
information for preparation of permit applications and timely submission
of applications will help to avoid costly delays in a project. Applicants
for geothermal loan guarantees must submit, as part of the supporting
information, a listing of all permité or authorizations required by
fedefal, state, and local government agencies and a éopy of each applica-
fiqn for approval when issued or a statement of planned filing dates and

expected dates of approval.(ls)

Specific permits will be required from the Idaho Department of Water
Resources for the development of geothermal resources, whether on private,

state, or federal land:

0 Drilling permit - permit required to drill for geothermal
resources at depths greater than 1,000 feet (also permit
required to modify or deepen an existing well or to con-
vert an existing well into an injection well). A notice
of intent is required to construct a hole for the gather-
ing of geotechnical data (written approval is required) —
applies to exploratory drilling, drilling of production
wells and injection wells
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e Waste disposal and injection well permit - permit is
required to construct, modify or maintain a waste dis-
posal or injection well — applies to cooling water supply
or and reinjection wells

e Geothermal resource permit - permit is required for geo-
thermal development in a designated GRA if the operation -
of well 900 m or more deep does not affect any source of
developed underground water

e Water right permit - permit requiréd to appropriate water
including geothermal water which involves consumptive use
and water for construction and operation involving con-
sumptive use — water right permits obtained for the geo-
thermal production wells would provide protection from
third party interferences

The Idaho Board of Environmental and Community Services would require a
permit for‘any wastewater discharge (including sanitary sewage) from the/
alcohol facility and would require approval of the plan for disposal ofv
the plant's solid waste. The Idaho Depértment of Health and Welfare has
the authority for the control of air pollution in Idaho. It will require
control of fugitive emissions during construction and operation and may
require a permit to construct for the alcohol facility if the fermenter

vent gas is considered a significant new stationary source.

This discussion of institutional requirements and constraints has focused
on the implementation of a 20-million-~gallon-per-year geothermal-alcohol
demonstratidn project in the Raft River KGRA. The technology and economics
favor a wheat-only or wheat and sugar beet based geothermal-alcohol facility
of this size. The institutional conmstraints — transportation access, man-
power and community resources, and water use — point toward a smaller-scale
facility as being more_ appropriate for immediate implementation. A smaller
facilit&, i.e., 5 to 10 million-gallon—per—&ear alcohol capacity, will

have a less profound impact on the Raft River Valley and would be easier

to implement. There would be economic penalties for the smaller scale
which would lessen, but perhaps not erase, the economic attractiveness of

geothermal-alcohol production.

8-19
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