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ABSTRACT 

Production of e thanol  from potatoes ,  sugar bee ts ,  and wheat using geothermal 
resources i n  the  Raft  River area of Idaho w a s  evaluated i n  t h i s  study. 
south-central  region of Idaho produces approximately 18 mi l l ion  bushels of 
wheat, 1.3 mi l l ion  tons of sugar bee ts ,  and 27 mi l l i on  c w t  potatoes  annually.  
A 20-million-gallon-per-year e thanol  f a c i l i t y  has been se l ec t ed  as t h e  l a r g e s t  
scale p lan t  t h a t  can be supported with the  cu r ren t  a g r i c u l t u r a l  resources.  
The conceptual p l an t  w a s  designed t o  operate  on each of these  th ree  feedstocks 
f o r  a port ion of t he  year ,  but  could operate  year-round on any of them. 

The 

The processing f a c i l i t y  uses  conventional a lcohol  technology and uses  geo- 
thermal energy f o r  a l l  process heat ing.  
sec t ions ,  although t h e  l i que fac t ion  and saccha r i f i ca t ion  s t eps  for potatoes  
and wheat involve common equipment. The fermentation, d i s t i l l a t i o n ,  and by- 
product handling sec t ions  are common t o  a l l  th ree  feedstocks.  

There are th ree  feedstock preparat ion 

Maximum geothermal f l u i d  requirements are approximately 6,000 gpm. 
an t i c ipa t ed  t h a t  t h i s  flow w i l l  be supplied by n ine  production w e l l s  located 
on p r iva t e  and BLM hands i n  t h e  Raft  River KGRA. The geothermal fluhd w i l l o  
be  f l a s k d  from 280 F i n  three  s t ages  t o  supply process steam a t  250 F, 225 F, 
and 205 F f o r  var ious process needs. Steam condensate p lus  l i q u i d  remaining 
a f t e r  the t h i r d  f l a s h  w i l l  be re turned t o  receiving strata through s i x  in- 
j ec t ion  w e l l s .  

It is 

The c a p i t a l  c o s t  estimated f o r  t h i s  e thanol  p l an t  employing a l l  t h ree  feed- 
s tocks is $64 mi l l ion .  I f  only a s i n g l e  feedstock w e r e  used ( f o r  t he  same 
20 mi l l i on  ga l lon  per year plant)  t h e  capi ta l  c o s t s  are estimated a t  $51.6 
mi l l ion ,  $43.1 mi l l ion ,  and $40.4 mi l l i on  f o r  sugar bee ts ,  potatoes ,  and 
wheat, respect ively.  
$21  mi l l ion .  
production c o s t  is  very s e n s i t i v e  t o  feedstock cos t s .  The three  feedstock 
concept is not economically attractive i f  s i g n i f i c a n t  amounts of expensive 
f i e l d  run potatoes  must be purchased. A wheat-only 20-million-gallon-per- 
year f a c i l i t y  would y i e l d  a reasonable r e tu rn  on investment f o r  a cu r ren t  
a lcohol  s e l l i n g  p r i c e  of less than $1.75 per gal lon.  
derived steam is about $3 per  mi l l i on  Btu's,  which is  considerably less than 
purchased steam c o s t s  derived from o i l  o r  gas fue l s .  

The estimated c a p i t a l  cos t  f o r  t he  geothermal system is 
Economic analyses which include e sca l a t ion  ind ica t e  the  alcohol  

The c o s t  of geothermal- 

The r e s u l t s  of t h i s  evaluat ion study suggest t h a t  a commercial-scale geothermal- 
a lcohol  f a c i l i t y  i n  the Raft  River KGRA is t echnica l ly  f e a s i b l e  and could be 
economically a t t r a c t i v e ,  given t h e  cu r ren t  state and f ede ra l  gasohol tax  in- 
cent ives .  There are, however, i n s t i t u t i o n a l  cons t r a in t s  which would make the  
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implementation of a 20 MM gpy plant difficult in the relatively undeveloped 
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. 
for immediate implementation in this area. 

A smaller-scale facility ( 5  to 10 MM gpy) would be more appropriate 
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Section 1 

TION AND SUMMARY 

1.1 INTRODUCTION 

The ex is tence  of extensive geothermal resources  i n  t h e  United States 

represents  an untapped p o t e n t i a l  energy source t o  supplement ava i l ab le  

f o s s i l  fue ls .  High temperature geothermal resources  (>350°F) w i l l  most 

l i k e l y  be used t o  generate  e l e c t r i c b t y .  However, such high temperature 

resources  are l imited.  Extensive s t u d i e s  by t h e  U.S. Geological Survey 

and o the r s  have shown t h a t  lower temperature resources  are much more 

These lower temperature geothermal resources  are s u i t a b l e  

use. A number of d i r e c t  app l i ca t ions  f o r  space heat ing and 

a g r i c u l t u r e  uses are cur ren t ly  i n  exis tence.  

na ture  are l imi t ed  t o  energy consumption 

For t h i s  study, t h e  use of geothermal en 

w a s  evaluated. Geothermal resources  are used t o  convert renewable 

resources  t o  a mobile energy form t o  supplement our  automotive f u e l  

requirements. 

These app l i ca t ions  by t h e i r  

t o r  near  t h e  geothermal source. 

gy fo r  t h e  production of e thanol  

This t echn ica l  and economic evaluat ion of e thanol  production using geo- 

thermal resources  was i n i t i a l l y  d i r e  d t o  a s i te  area adjacent  t o  t h e  

Department of-Energy Raft  River T e s t  c i l i t y .  The loca t ions  of t h e  

p rope r t i e s  owned by Messrs. G. Crook 

to  i n  t h i s  study are shown i n  Figure 

expanded during t h e  study t o  encompa 

zones i n  the  Raft River Known Geothe 

t a l .  and Frank Glover r e fe r r ed  

1. The s i t e  s p e c i f i c  area w a s  

more promising geothermal resource 

1 Resource Area (KGRA). 

1-1 
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This study w a s  divided i n t o  n ine  major t a sks  to :  

0 Evaluate t h e  a v a i l a b i l i t y  of farm products i n  the  Raft  
River region t o  produce ethanol 

0 Provide t h e  necessary conversion process 

0 Es tab l i sh  t h e  conditions and a v a i l a b i l i t y  of t h e  geo- 
thermal resource 

0 Provide an economic ana lys i s  

0 Determine i n s t i t u t i o n a l  requirements f o r  commercial 
operat ion 

The n ine  tasks ,  including a l l  of t he  subtasks,  are shown i n  Table 1-1. 

The study w a s  begun on Ju ly  2, 1979. This f i n a l  r epor t  covers t he  work 

accomplished from t h e  incept ion of t he  p ro jec t  t o  mid-My 1980 when the  

d r a f t  f i n a l  r epor t  was del ivered t o  DOE. 

i n  Ju ly ,  t h e  f i n a l  r epor t  w a s  issued i n  August 1980. 
work accomplished i n  Task 1. 

respec t ive  t a sk  numbers, with Task 2 work (process flow diagrams) presented 

i n  Section 5 .  

Upon r e c e i p t  of t h e i r  comments 

Section 2 descr ibes  

Sect ions 3 through 8 correspond t o  t h e i r  

1.2 SUMMARY 

The Raft River KG n south-central  Idaho is  known t o  have extensive low 

s a l i n i t y  geothermal f lu id .  It has been es tab l i shed  t h a t  t h i s  formation 

can y i e ld  290°F (143OC) geothermal f l u i d  a t  a w e l l  depth of 5000 f e e t  

(1500 m). 

condi t ions,  f l u i d  p rope r t i e s  and production flows appear t o  be compatible 

with t h e  major energy needs of a commercial scale ethanol  production 

f a c i l i t y .  

T e s t  w e l l s  d r i l l e d  i n  t h e  KGRA i n d i c a t e  t h a t  t h e  temperature 

The south-central  a g r i c u l t u r a l  r e g i  

sugar  bee ts ,  and potatoes .  0ver.th ast  f e w  years ,  t h e  t o t a l  production 

of each crop i n  t h e  count ies  around t h e  KGRA has been s u f f i c i e n t  t o  support 

of Idaho is  a major producer of wheat, 

1-3 



Table 1-1 

SCOPE OF WORK 

Task 1 - Define Current Ethanol Production Technology 

1.1 Feedstock Requirement 

1.2 Feedstock Preparat ion 

1.3 Sacchar i f ica t ion  and Fermentation 

1.4 Anhydrous Ethanol Production 

1.5 By-product Processing 

Task 2 - Process Flow Diagram Preparat ion 

2 . 1  
2.2 

Es tab l i sh  Brocess Conditions and Scope 

Prepare Al t e rna t ive  PFDs f o r  Selected Feedstocks 

2.3 Es tab l i sh  Process Requirements 

Task 3 - Defin i t ion  of Geothermal Resource Requirements 

3.1 Process Conditions 

3.2 Establishment of Geothermal Brine Flow Requirements 

3.3 Study of Physical  and Chemical Constraints  

Task 4 - Conceptual Design of Geothermal Energy Gathering, Transfer ,  
and Disposal Systems 

4.1 Well F ie ld  Design 

4.2 Brine Gathering System 

4.3 Energy Extract ion System 

4.4 Brine Disposal 

4.5 Resource Property Variat ions 

4.6 System Optimization 
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Table 1-1 (Continued) L 
u - Task 5 - 

5.1 Definition of Overall Facility 
5.2 
5.3 

Preparation of Process Equipment Specifications 
Establish Facility and Equipment Lists 

d 
6.1 Capital Cost Estimate 
6.2 Operating Cost Analysis 

- 6.3 Economic Evaluation and Comparison with Other 
Energy Sources 

Task 7 - Implementation Plan for Demonstration Facility i ’  

Id 
7.1 Define Program Goals 
7.2 Information Transfer 
7.3 Technical Demonstration 

Task 8 - Site Institution Requirement for Demonstration Project 
, -- 

8.1 Feedstock Availability 
8.2 Environmental Effects , u  

t- 
I 8.3 Resources Leasehold Arrangement 

w 8.4 Procedural Considerations 

c- , 
L -  Task 9 - 
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a commercial-scale e thanol  production f a c i l i t y .  Based on discussions with 

property owners and farm groups, i t  appears t h a t  t h i s  region can support a 

20-million-gallon-per-year e thanol  production f a c i l i t y ,  and w e  se lec ted  

t h i s  s i z e  f a c i l i t y  a t  a s p e c i f i c  s i te  i n  the  Raft  River KGRA f o r  our tech- 

n i c a l  and economic evaluation. 

Because of t he  feedstock supply-demand s i t u a t i o n ,  w e  decided t o  use a multi-  

crop feedstock concept f o r  t he  design of t h e  production f a c i l i t y .  

cessing sequence described i n  t h i s  r epor t  is  based on processing potatoes  

f o r  f i v e  months, sugar bee t s  f o r  four  months, and wheat f o r  t h ree  months 

of the  year.  The p l an t  has  t h e  theo re t i ca l  capab i l i t y  of processing any 

The pro- 

one of t he  th ree  feedstocks a l l  year  round, producing 20 mi l l i on  ga l lons  

per year.  

t he  actual processing mix and run durat ion of each so t h a t  t h e  feedstock 

having t h e  lowest c o s t  per ga l lon  of ethanol  production would be processed 

f o r  t he  longest  period. For example, i f  potatoes  were too expensive, then 

the  process run on wheat would be extended. Sugar bee t  acreage would have 

t o  be  contracted a year  i n  advance through the  bee t  growers' assoc ia t ion .  

Thus, t h e  process run time on sugar b e e t s  would be e s s e n t i a l l y  f ixed  before  

p lan t ing  time . 

I n  each year ,  however, crop productions and p r i c e s  would d i c t a t e  

Conventional technology w a s  used i n  the  design of both the  alcohol  produc- 

t i o n  f a c i l i t y  and the  geothermal energy ex t r ac t ion  system. 

t i o n a l  technology approach w a s  s e l ec t ed  t o  f a c i l i t a t e  rap id  implementation 

of a commercial-scale geothermal-alcohol f a c i l i t y ,  thus avoiding new o r  

unproven processes t h a t  would r equ i r e  subs t an t i a l  development e f f o r t s .  

This conven- 

The geothermal energy system w a s  designed t o  supply a l l  of t h e  process  

heat ing requirements. 

about 6;OOO gpm a t  a well-head temperature of 280'F. This flow would be 

supplied by n ine  production w e l l s ,  spaced on cen te r s  no c lose r  than one- 

qua r t e r  pile t o  prevent mutual in te r fe rence .  A geothermal w e l l  layout  

developed by EG&G Idaho, Inc. suggests d r i l l i n g  w e l l s  along four  i d e n t i f i e d  

The maximum geothermal f l u i d  requirement w i l l  be  

1-6 
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o r  in fe r r ed  f au l t - zones  would provide t h e  b e s t  chance of successfu l ly  

producing t h e  -geothermal, f l u i d  required ‘by thec  f a c i l i t y  Geothermal 

-fluid gathered,.from thetproduction wells would be piped t o  a three-stage 

flashrsystemion t h e - p l a n t , s i t e . -  The f l u i d  would be f lashed successively 

to -produce- steamtat 250QF 225‘F, and 200 to 205OF-for var ious  process 

eothermal; ‘steam:c:^bndensate from the  process ,  p lus  the  remaining 

f lu id , f rom the  _th 

inject ior i - : inta .  t h e  1 process  heat ing woul e i n d i r e c t  except 

f a r  ,direct st 

e f i l t e r e d  and pumped t o  six w e l l s  f o r  

The alcohol  production scheme se l ec t ed  involves seve ra l  bas ic  s teps :  

0 Feed preparat ion - primari ly  cleaning, s i z e  reduction, 
and s l u r r y  -preparat ion 

e S t i l l g g e  ,separat ion and .evaporation 

feed supplement. 
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Geothermal energy requirements would average about 158 mi l l ion  Btu's pe r  

hour o r  about 62,000 Btu's per  gallon of e thanol  produced. Beet processing 

i n t o  ethanol  is  t h e  most energy in tens ive  of t h e  t h r e e  feedstock processing 

opt ions.  Process hea t  r e j e c t i o n  a l s o  would be s i g n i f i c a n t .  A nonconsump- 

t ive cooling water system w a s  incorporated i n  the  conceptual design t o  m i n i -  

mize the  p l an t ' s  demand f o r  w a t e r  resources  in t h i s  c r i t i c a l  groundwater- 

s h o r t  area. 

w e l l s  would be pumped through process coolers  and then in j ec t ed  through 

th ree  2,500 gpm capac i ty  w e l l s  i n t o  t h e  shallow aqu i fe r  without consumptive 

use. 

water flow requirements. 

Cooling water from f i v e  1,500 gpm capac i ty  groundwater supply 

A i r  coo le r s  would be used where p rac t i cab le  t o  minimize t h e  cool ing 

The constructed c a p i t a l  c o s t  of t h e  20-million-gallon-per-year, t h ree  

feedstock ethanol  production f a c i l i t y  w a s  estimated a t  $64 mi l l i on  ( f i r s t  

qua r t e r  198G wage and p r i c e  l e v e l s ) .  S ingle  feedstock p l a n t s  of t h e  same 

capaci ty  were estimated a t  $51.6 mi l l ion ,  $43.1 mi l l ion ,  and $40.4 mi l l i on ,  

respec t ive ly  f o r  sugar bee ts ,  po ta toes ,  and wheat. The c a p i t a l  c o s t  of 

t h e  geothermal f a c i l i t y  w a s  o r i g i n a l l y  estimated as $18 mi l l i on  based on 

an op t imis t i c  d r i l l i n g  success  rate i n  a quar te r  s e c t i o n  (160 ac res )  p l o t  

c l o s e  t o  t h e  conceptual p l an t  site. 

based on a w e l l  layout  scheme (provided by EG&G) which d i spe r ses  the  n ine  

production w e l l s  along known o r  i n fe r r ed  f a u l t  zones. 

unsuccessful production w e l l s  w e r e  included i n  the  rev ised  estimate. 

conceptual a lcohol  f a c i l i t y  would be loca ted  on a 55-acre p l an t  s i te  t o  

which the  geothermal f l b i d  would be  pumped through a gather ing network of 

bur ied  insu la ted  pipe.  

The estimate w a s  revised t o  $21 mi l l i on  

Costs f o r  four  

The 

Annual d i r e c t  operat ing and maintenance cos t s ,  excluding feedstock, f o r  

t h e  geothermal-alcohol f a c i l i t y  were estimated a t  $12.7 mi l l i on  ( f i r s t  

qua r t e r  1980) o r  about 6 0 ~  p e r  gal lon of a lcohol  produced. By-product 

s o l i d s  sold a t  $100 per  ton is equivalent t o  a 35.5C p e r  ga l lon  c r e d i t .  
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Feedstock-prices  w i l €  +'be ,-the. most.. s igni f  $cant f a c t o r  inf luencing t h e  c o s t  

of producing alcohol  

approved by DOE were: 

'L 
in' s t o c k , p r i c e s  used i n  t h i s  study and ' 

P- 

b 
_. . 

$2 3 per  ga l lon  of a1 

k a l l o n  of a l co  

< , . 
month,feedstacki,processing b a s i s ,  t he  cu r ren t  day cos t  of produc- L 

xcldding - c a p i t a l  :charges) ;at L. these  op t imis t i c  3eeds tock p r i c e s  

would be .$1,46 per  , 'gallo including t h e  by-product c r e d i t  I n  February 1980, 

I .  DOE recommended what were considered more realistic feedstock cos ts :  
f 

$1.28 per  ga l lon  of a lcohol  
produced 

L 
d 
L - l  

4 -  

l i  
r-- 

2 
On t h e  same feedstock processing b a s i s ,  t he  c o s t  of producing alcohol  would 

exceed $2 per  ga l lon ;  -,Doubling t h e p o t a t o  c o s t  has a dramatic impact on 

t h e  direct cost of producing a lcohol  and emphasizes t h e  importance of feed- 

e I 

d a proposed f inancing 
ci 
- -  

p r i c e  ( f i r s t  rquatte L 
c o s t s i  : Ak1owing:a d i f -  -- 

0 tack c o s t s  rand 5by-Lproduct 

. -  d revenues, t he  .first 

b 
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quar te r  1980 s e l l i n g  price would be an una t t r ac t ive  $2.14 per  gallon. 

a 20-million-gallon-per-year p l an t  processing only wheat, t h e  comparable 

a lcohol  s e l l i n g  p r i c e  would be only $1.63 per  gal lon.  It w a s  clear from 

the  economic ana lys i s ,  t h a t  t he  economic v i a b i l i t y  of t h i s  geothermal- 

a lcohol  f a c i l i t y  depends p r inc ipa l ly  on obtaining a feedstock mix a t  a 

moderate cos t .  Wheat and sugar bee t s  are acceptable  feedstocks a t  t h e  

above cos ts .  

group should consider processing only c u l l s  and pota to  wastes ( fo r  a shor t e r  

process run) o r  excluding pota to  processing e n t i r e l y .  

For 

Potatoes  a t  $3 per c w t  are not .  A geothermal-alcohol venture  

The geothermal energy cos t  f o r  t h i s  s i z e  p l an t  a t  Raft  River is approxi- 

mately $3 per  mi l l ion  Btu 's  which compares q u i t e  favorably with t h e  c o s t  

of process  steam produced from f o s s i l  f u e l s  (except perhaps coal) .  

A geothermal-alcohol p ro jec t  of t h i s  s i z e  i n  t h e  lower Raft River Valley 

would provide s i g n i f i c a n t  economic bene f i t s  t o  t h e  region through increased 

employment, an increased t ax  base, and l o c a l  purchases of goods and services 

including a g r i c u l t u r a l  crops. 

products: 

derived from petroleum, and (2) animal feed supplements derived from feed- 

s tock  residues which could be used t o  d isp lace  some animal feed concentrates.  

The f a c i l i t y  would produce two bene f i c i a l  

(1) a f u e l  supplement t o  d i sp l ace  a s u b s t a n t i a l  amount of gasol ine 

Because of t h e  r e l a t i v e l y  i so l a t ed ,  r u r a l  s e t t i n g  of t h e  Raft River geo- 

thermal resource area, implementation of such a p ro jec t  would have some 

adverse socioeconomic impacts on the  area. 

l o c a l  population would occur during the  construct ion and operat ion phases, 

placing demands on l o c a l  community services which may not  be m e t  without 

the  f i n a n c i a l  a s s i s t ance  of t he  pro jec t .  

A s i g n i f i c a n t  increase  i n  

Transportation access t o  the  

KGRA is l imi ted  and a s u b s t a n t i a l  increase i n  road t r a f f i c  on Highway 81 

would r e s u l t  from construct ion and operat ion a c t i v i t i e s .  

would be espec ia l ly  heavy during the  operat ing phase because of continuous 

Truck t r a f f i c  

feedstock hauling i n t o  the  area and, t o  a lesser ex ten t ,  product shipping 

out  of t he  area. Both of these w i l l  represent  s u b s t a n t i a l  changes i n  t h e  
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l o c a l  environment and 

planning and implementation of t he  pro jec t .  Environmental impacts on o r  

near  t h e  p l an t  s i te  during construct ion and operat ion should not  be con- 

sequent ia l  enough to  render t h e  p ro jec t  unacceptable. 

cts of both can be mit igated somewhat by proper 

A p r o j e c t  venture  group would a l s o  have some p r a c t i c a l  d i f f i c u l t i e s  i n  

securing consumptive water r i g h t s  and r i g h t s  t o  adequate geothermal 

resources.  

groundwater. Although t h e  operat ing geothermal-alcohol f a c i l i t y  would be 

a n e t  producer of water, geothermal w e l l  d r i l l i n g  and construct ion of t h e  

alcohol  f a c i l i t y  would r equ i r e  some consumptive use of groundwater. Acqui- 

s i t i o n  of e x i s t i n g  water r i g h t s  permits f o r  t h e  same types of consumptive 

use would be necessary under t h e  state's cu r ren t  water resources p o l i c i e s  

i n  t h e  Raft  River area. The venture  group would have t o  acquire ,  by lease 

o r  purchase, t he  r i g h t s  t o  adequate geothermal resources on both p r i v a t e  

and BLM lands and then obta in  geothermal resource permits and water r i g h t s  

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

i n s t i t u t i o n a l  cons t r a in t s  should be prominent i t e m s  f o r  ea r ly - inves t iga t ion  

by any venture  group in t e re s t ed  i n  implementing a commercial-scale geothermal- 

a lcohol  p ro jec t  i n  t h e  Raft  River KGRA. 

The Raft  River bas in  is closed t o  f u r t h e r  appropriat ion of 

The r e s u l t s  of t h i s  technica l  and economic evaluat ion ind ica t e  t h a t  a 
commercial-scale geothermal-alcohol demonstration p ro jec t  should be con- 

s idered f o r  implementation i n  t h e  Raft  River KGRA, Although a 20 MM gpy 

f a c i l i t y  appears favorable  from a technica l  (engineering) and economic 

s tandpoint ,  t h e  i n s t i t u t i o n a l  c o n s t r a i n t s  - l imi ted  t ranspor ta t ion  access, 

low manpower and community services resources,  and uncer ta in  a v a i l a b i l i t y  

of consumptive water r i g h t s  -may preclude the  immediate implementation of 

a p ro jec t  t h i s  s ize .  
(on the  order  of 5 t o  perhaps 10 

appropr ia te  f o r  t he  Raft  River K 

b e e t s  should be considered as ca e feedstock materials. 

It appears t h  a smaller-scale demonstration f a c i l i t y  

y production capaci ty)  would be  more 

Wheat and perhaps sugar t h i s  t i m e .  
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A smaller-scale f a c i l i t y  a t  t h i s  s tage  of the  geothermal resource develop- 

ment w i l l  not r i s k  the  p o s s i b i l i t y  t h a t  t he  a c t u a l  resource is not  as 

extensive as now thought. 

smaller-scale f a c i l i t y  may be less d i f f i c u l t  t o  achieve. 

immediate impacts on the  l o c a l  region would be subs t an t i a l ly  lessened and 

would allow f o r  a more order ly  s o c i a l  and economic expansion of t h i s  r u r a l  

area.  

Acquisit ion of s u f f i c i e n t  water r i g h t s  f o r  a 

In  addi t ion ,  t he  

There are economic pena l t i e s  i n  going t o  a smaller capaci ty  p lan t .  

c a p i t a l  investment per u n i t  of alcohol production increases  and the  labor  

c o s t s  increase as the  capaci ty  decreases. A 10 MM gpy f a c i l i t y  processing 

wheat a l l  year round could probably produce alcohol  s e l l i n g  a t  about $1.80 

per gal lon (current  day). Under the  same economic condi t ions used i n  t h i s  

study, the  s e l l i n g  p r i c e  would be a l i t t l e  over $2 per gal lon f o r  a 5 MM gpy 

wheat-only f a c i l i t y .  

The 
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Section 2 

D E F I N I T I O N  OF CURRENT ETHANOL PRODUCTION TECHNOLOGY 

u 
Ed: 
c- 

I '  Beverage-grade ethanol  has been produced f o r  many years  from a v a r i e t y  of 

a g r i c u l t u r a l  products.  I n  recent  years ,  production o f  fuel-grade (180 o r  

higher  proof)  e thanol  from a g r i c u l t u r a l  products has been increas ing  i n  

t h e  U.S. This  s e c t i o n  examines t h e  s t a t u s  of production technology and 

def ines  t h e  technology approaches used i n  t h e  conceptual design of t h e  

a lcohol  f a c i l i t y .  

&i, 

0 , 

4 

2.1 FEEDSTOCK REQUIREMENT hi 
,- - Wheat, sugar  bee t s ,  and potatoes  w e r e  s e l ec t ed  as t h e  candidate r a w  

. materials f o r  e thanol  fermentation. Over t h e  pas t  few years  (1975-1978), 

production of each of t hese  crops i n  t h e  count ies  around t h e  Raft River 

Geothermal P ro jec t  has been s u f f i c i e n t  t o  support a "commercial-scale" 

e thanol  production f a c i l i t y  (20 mi l l i on  ga l lons  per  year o r  l a rge r ) .  

The following shows t h e  average annual production: 

0 meat ( w i n t e r )  - 10,000,000 bushels  

0 Wheat (spring) - 8,000,000 bushels  

?-- 0 Sugar bee t s  - 1,300,000 tons 

- 27,000,000 c w t  - 0 Potatoes  b 
_- 

Tables 2-1, 2-2, and 2-3 summarize approximate production by count ies .  

es cannot be consider  s t h e  resources  ava i l ab le  s o l e l y  

oduction. One cannot roduce a new demand equivalent  t o  

u 
CI 

g demand f o r  t hese  a g r i c  ra l  products without s e r ious ly  
I -  

l o c a l  market cond i t io  In order  t o  obta in  raw materials 
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Table 2-1 (Ref. 2) 

RECENT WHEAT PRODUCTION I N  SOUTH-CENTRAL IDAHO 

COUNTY WINTER WHEAT SPRING WHEAT 
Acreage Yield Production Acreage Yield Production 
Planted bu/ac mi l l ion  bu Planted bulac mi l l ion  bu 

Cassia 60,000 46 2.76 35,000 7 1  2.48 
Jerome 15,000 76 1.14 16,000 69 1.10 
Minidoka 10,000 70 .7 22,000 75 1.65 
Twin F a l l s  20,000 66 1.32 20,000 76 1.52 
Power 125,000 ~ 34 4.25 40,000 45 

TOTALS 230,000 44.2 avg 10,17 133,000 64.3 avg 8.55 

1.8 - 

Table 2-2 (Ref. 2) 

RECENT SUGAR BEET PRODUCTION IN SOUTH-CENTRAL IDAHO 

Acreage Yield Product i o n  
Planted tons /ac tons  COUNTY 

Cassia 17,000 18 306,000 
Jerome 5,000 18 40,000 
Minidoka 30,000 18 540,000 
Twin F a l l s  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 I N  SOUTH-CENTRAL IDAHO 

Acreage Yield Product ion  
Planted cwt/ac c w t  COUNTY 

Cassia . 25,000 245 6,125,000 
Jerome 15,000 265 3,975,000 
Minid oka 35,000 235 8,225,000 

Power 16,000 235 3,760,000 
Twin F a l l s  19,000 300 5,700, aoo 

TOTALS 110,000 252 avg 27,785,000 
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a t  a reasonable p r i ce ,  t h e  t o t a l  demand must be kept c l o s e  t o  t h e  achiev- 

a b l e  production i n  t h e  area. 

these  f i v e  count ies  is used f o r  t hese  t h r e e  crops. 

could be used t o  increase  production, however, i r r i g a t i o n  water is  i n  

l imi ted  supply, espec ia l ly  i n  t h e  Raft River Valley. Rather than attempt 

t o  markedly increase  t h e  production of one of these  p o t e n t i a l  feedstocks,  

t h e  s t r a t e g y  should be t o  seek a f r a c t i o n  of each crop 's  annual production 

f o r  feedstock and t o  work with t h e  growers' assoc ia t ions  t o  ensure t h a t  

t h e r e  w i l l  be  adequate suppl ies  f o r  a l l  t h e  buyers. 

About 40 percent of t h e  t o t a l  cropland i n  

Other cropland acreage 

This multi-crop feedstock concept has been adopted f o r  t h i s  study. 

mi l l ion  gal lon per  year e thanol  production capaci ty  w a s  se lec ted  as being 

t h e  l a r g e s t  s c a l e  t h a t  can be supported by t h e  a g r i c u l t u r a l  resources of 

t h e  south-central  area. 

f o r  f i v e  months, sugar bee ts  f o r  four  months, and wheat f o r  t h r e e  months 

of t h e  year. 

requirements would be about: 

A 20 

The f a c i l i t y  would nominally process potatoes  

On t h i s  processing bas i s ,  t h e  nominal annual feedstock 

0 

0 360,000 tons of potatoes  

0 53,000 tons of wheat 

300,000 tons of sugar bee t s  

I n  each year ,  crop productions and 

i n g  mix and run dura t ion  so t h a t  t 

feedstock would be purchased on t h  

be contracted a year  i n  advance t h r  

process run on sugar bee ts  would b 

s would d i c t a t e  t h e  a c t u a l  process- 

est cos t  (per  ga l lon  of production) 

rke t .  Sugar beet  acreage would 

t h e  growers' a s soc ia t ion ,  so t h e  

s s e n t i a l l y  before  p lan t ing  t i m e .  - 

Only a g r i c u l t u r a l  resources i n  t h e  

s idered.  There is very l i t t l e  production of wheat, sugar bee ts  and potatoes  

i n  t h e  Utah count ies  j u s t  south of t h e  Idaho-Utah state l i n e .  

ment of these materials from other  producing areas i n  Idaho and perhaps 

t r a l  area of Idaho were con- 

Truck ship- 

Oregon would add too  much t o  t h e  cos t  of t h e  mater ia l s  t o  be an economic 

a l t e r n a t i v e .  
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2.2 FEED STOCK PREPARATION 

Feedstock preparat ion technology f o r  wheat, sugar bee ts ,  and pota toes  w a s  

discussed with conventional processors ( m i l l e r s ,  sugar f a c t o r i e s ,  s t a r c h  

p l an t s  and dehydrators) with equipment vendors and wi th  saccha r i f i ca t ion /  

fermentation experts .  

For each of t h e  t h r e e  feedstocks the re  are bas i ca l ly  two prepara t ion  

approaches: 1) whole product processing and, (2) re f ined  product prepara- 

t ion .  The second, and more c o s t l y  approach, produces c lean  s u b s t r a t e  

material which is  t h e o r e t i c a l l y  amenable t o  continuous fermentation. 

product processing is conducive only t o  batch fermentation. 

potatoes ,  whole product processing schemes were chosen. Both r equ i r e  

l i que fac t ion  and saccha r i f i ca t ion  s t e p s  p r i o r  t o  fermentation. For t h e  

beet  case, a p a r t i a l l y  re f ined  product preparat ion scheme w a s  s e l ec t ed ,  

s i n c e  t h e r e  is  l i t t l e  experience with fermentation of t h e  whole bee t  ( j u i c e  , 

and pulp).  

Whole 

For wheat and 

The prepara t ion  s t e p s  f o r  wheat cons i s t  of c leaning,  then dry gr inding  

with no separa t ion  followed by mixing with water t o  a 30 percent  s ta rch-  

d.ry s o l i d s  (DS) content  which is  s u i t a b l e  f o r  fermentat ion t o  about a 10 

percent e thanol  so lu t ion .  

para t ion  f o r  g e l a t i n i z a t i o n  and enzymatic l i que fac t ion .  

The pH of  t h e  s l u r r y  is adjus ted  t o  6.5 i n  pre- 

Potatoes  are washed wi th  w a t e r ,  drained and d i s in t eg ra t ed  without peel ing.  

The ground pota toes  are centr i fuged t o  a DS content  of 21 percent .  The pH 

is adjusted t o  6.5 as i n  wheat prepara t ion  p r i o r  t o  g e l a t i n i z a t i o n  and 

l iquefac t ion .  

Sugar bee t s  are processed using conventional beet-sugar technology. 

b e e t s - a r e  washed with water, drained,  s l i c e d  i n t o  t h i n  s t r i p s  ( cosse t t e s )  

and then t h e  j u i c e  phase is ext rac ted  from t h e  if isoluble por t ion  of t h e  

bee t s  (pulp) i n  a hot w a t e r  d i f fus ion  process. The t h i n  j u i c e  conta ins  

The 
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about 14 percent  sucrose and i s  p a r t i a l l y  concentrated before  fermentation 

t o  ethanol.  

phys ica l  processes.  

These feedstock prepara t ions  involve simple, wel l -es tabl ished,  

' 

The re f ined  product approach involves conventional separa t ion  processes  

which produce high q u a l i t y  s t a r c h  (wheat and potatoes)  and low impurity,  

concentrated j u i c e  (beets).  The major by-product materials are produced 

i n  t h e  prepara t ign  s t e p s  r a t h e r  than i n  t h e  post-fermentation processing. 

I n  order  t o  minimize t h e  cos t . o f  t h e  t h r e e  feedstock prepara t ion  sec t ions  

i n  t h e  f a c i l i t y ,  t h e  simpler approach was  s e l ec t ed  f o r  t h i s  stud.y. 

2.3 SACCHARIFICATION AND FERMENTATION 

Both po ta to  a e r t e d  fermentable sugars.  

c t i o n  and saccha r i f i ca t ion  

s s ions  with enzyme producers. 

ab l i shed  and t h e  amylase 

ecause of t h e  r e l a t i v e l y  

i l a b l e ,  a low temperature l iquefy ing  

enzyme is  required.  

i ng  t h e  process  by at tempting t o  pr  

Both enzymes would be purchased r a t h e r  than complicat- 

Process i 

same equipment 

y i d e n t i c a l  s o  t h e  

0 Addition of t h e  l iquefy ing  enzyme (alpha amylase) t o  t h e  

0 Cooking t h e  s l u r r y  t o  l i b e r a t e  t h e  s t a r c h  molecules 
(ge l a t in i za t ion )  and t o  al low enzymatic breakdown o 
s t a r c h  bonds ( l iquefac t ion)  

stment t o  4.5 

0 Conversion of s t a r c h  t o  g l  e ( saccha r i f i ca t ion )  by 
addi t ion  of saccharifying enzyme (.glucoamylase) and 
holding t h e  so lu t ion  f o r  about 40 hours t o  complete the  

. conversion 
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The saccha r i f i ca t ion  s t e p  can be ca r r i ed  out  simultaneously with fermenta- 

t i o n  with the,penal ty  of a higher glucoamylase dose. 

is des i rab le .  ~ 

A c l ean  s u b s t r a t e  

Both batch fermentation and. continuous fermentation schemes were considered 

i n  t h e  process of se l ec t ing  preparat ion s t e p s  f o r  each feed material. 

t inuous fermentation o f f e r s  t h e  advantages of high fermentation rates (low 

residence time) and low yeast  makeup requirements. 

subs t r a t e .  Continuous fermentation is  a l s o  more suscep t ib l e  t o  contamina- 

t i o n  than t h e  conventional batch process. The batch fermentation approach 

was  chosen along with the'whole product processing approach because of i t s  

r e l a t i v e  s impl ic i ty  and i ts  proven r e l i a b i l i t y .  

Con- 

It requi res  a c lean  

Batch fermentation c o n s i s t s  of charging a fermentation tank with t h e  sugar 

(glucose o r  sucrose) so lu t ion ,  addi t ion  of brewers yeas t  and n u t r i e n t s ,  

and holding t h e  mash f o r  about 48 hours t o  allow completion of t h e  sugar 

conversion t o  ethanol.  

' 

Cooling is required t o  remove t h e  hea t  of reac t ion ,  

'maintaining t h e  mash temperature a t  about 3OoC. By-products of t h e  reac- 

t i o n s  include yeas t ,  carbon dioxide,  f u s e l  o i l s  (high-molecular weight 

a lcohols)  and aldehydes. 

After  t h e  fermentation period, t h e  tank is emptied, cleaned and s t e r i l i z e d  

and is ready t o  receive another charge of sugar so lu t ion .  

t i o n  tanks are employed t o  avoid enormous tank s i z e s  and t o  reduce t h e  

t o t a l  cyc le  t i m e  - f i l l ,  ferment, empty, and clean. 

Mult iple  fermenta- 

The sugar so lu t ion  from beet processing has  lower than the des i red  20 per- 

cen t  sugar content f o r  optimum fermentation and t h e  subsequent d i s t i l l a t i o n .  

P r i o r  t o  fermentation, t h e  bee t  j u i c e  w i l l  be concentrated t o  about 20 

percent  sugar t o  match t h e  content  of t h e  o the r  two processed feedstock 

so lu t ions .  
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2.4 ANHYDROUS ETHANOL PRODUCTION 

The p o s s i b i l i t y  of producing 

gasol ine  w a s  abandoned ea r ly  i n  t h i s  study by mutual agreement wi th  

DOE'S Technical Representative.  

190 proof e thanol  f o r  blending with 

The following d i s t i l l a t i o n  methods f o r  producing anhydrous (200 proof)  

e thanol  w e r e  subsequently examined: 

0 Conventional l o w  pressure s t r ipp ing ,  r e c t i f i c a t i o n ,  and 
benzene-water-ethanol azeotropic  d i s t i l l a t i o n  

Vacuum d i s t i l l a t i o n  t o  avoid t h e  water-ethanol azeotropic  
condi t ion 

Extractive d i s t i l l a t i o n  with gaso l ine  y i e ld ing  a gasol ine/  
a lcohol  mixture 

D i s t i l l a t i o n  followed by vapor phase dehydration using 

0 

e 
adsorp t ion  agents  > 

The last  two schemes o f f e r  promise of s i g n i f i c a n t  energy savings,  bu t  are 

not y e t  commercially and economically proven processes.  The ACR gasol ine 

ex t r ac t ion  process  (propr ie ta ry)  is, however, being i n s t a l l e d  i n  a 

commercial-scale p l an t  due t o  s ta r t  up t h i s  year.  

does not appear t o  y i e ld  real cost/energy savings because of t h e  g r e a t e r  

investment i n  d i s t i l l a t i o n  equipment. Katzen o f f e r s  a dual-pressure 

d i s t i l l a t i o n  modif icat ion of t h e  conventional process. (3) 

requi res  a steam temperature (from coal-f i red b o i l e r s )  that  is considerably 

higher than t h a t  ava i l ab le  from t h e  geothermal resources.  

I 

Vacuum d i s t i l l a t i o n  

However, it 

The more conventional scheme w a s  t he re fo re  se lec ted :  

0 A beer still producing a 73 e percent  e thanol  over- 
head and a s t i l l a g e  
o f f  as a s i d e  draw 

duct  with f u s e l  o i l s  taken 

A benzene-water-ethanol azeotropic  d i s t i l l a t i o n  wi th  
anhydrous ethhnol as bottoms product. 
benzene s t r i p p e r  is  e s s e n t i a l l y  f r e e  of benzene and 
ethanol.  

Water from the  
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2.5 BY-PRODUCT PROCESSING 

By-product .type and q u a n t i t i e s  were considerat ions i n  t h e  s e l e c t i o n  of 

t h e  preparat ion schemes f o r  each feedstock. 

produces a number of d i f f e r e n t  front-end by-products. With a mul t ip le  

feedstock f a c i l i t y ,  t h e  handling, s torage  and marketing of a number of 

d i f f e r e n t  by-product materials may not  be a t t r a c t i v e ,  even i f  some high- 

value materials such as gluten are produced. Process complexity and low 

u t i l i z a t i o n  of process equipment are real drawbacks. 

Refined product preparat ion 

The whole processing approach carries t h e  non-fermentables (except f o r  

beet pulp) through t h e  process t o  t h e  beer s t i l l .  

from each feed material conta ins  yeas t ,  o the r  inso lubles  and dissolved 

s o l i d s  from which a single-type of by-product animal feed would be 

recovered. 

accommodates each feedstock. 

The whole s t i l l a g e  

Its advantage is  a s i n g l e  by-product recovery scheme that 

Production of a w e t  by-product f o r  animal feeding o n s i t e  w a s  an opt ion 

considered b r i e f l y .  

by reducing drying requirements, the  option adds complexity by introducing 

another industry i n t o  t h e  area. The feedlo t  op t ion  may not be p r a c t i c a l  

i n  t h e  geothermal resource s i te  area. 

While it would produce a considerable  energy savings 

The by-product processing scheme se lec ted  involves: 

0 Centr i fugal  separa t ion  of whole s t i l l a g e  i n t o  a sludge 
and a t h i n  l iquor  containing t h e  dissolved s o l i d s  

Evaporation of t h e  t h i n  

0 Blending t h e  syrup with 
geothermal f l u i d  as t h e  

0 Grinding t h e  dry  s o l i d s  
animal feed 

L 
l i quor  t o  a syrup-like product 

t h e  sludge and drying i t  with 
hea t  source 

f o r  s torage  and sale as dry 

I ‘  

i 
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Three separa te  dry  products could be produced or they could be blended 

f o r  sale as a s i n g l e  product. 

Figures  2-1, 2-2, and 2-3 are block flow diagrams i l l u s t r a t i n g  t h e  process- 

ing s t e p s  se lec ted  f o r  wheat, potatoes ,  and sugar bee ts ,  respec t ive ly .  

Feedstock prepara t ion  is  d i f f e r e n t  f o r  each feed material.- The-s ta rch  

cooking and saccha r i f i ca t ion  s t e p s  are common t 

processing. Fermentation, a lcohol  recbvery, by-product recovery and 

I -  

heat  and pota toes  

product s to rage  s t e p s  are common t o  p rocess ing -a l l  t h ree  feed materials. 

2 -9 



I 
I 

I 1, I I I I I I I I I I I I I I I I 

tj I! 
6 81 I 

-fi -
 

2-10 

I I I I I I I I I I I I I I I I 

i
l

 
S

I 

('I 
[r e; 

M
 

c 
4
 

m m 0
 
k
 
a
 

3 



c
 

F
 
W

 
1 J 

I i i i I 

bo 
C

 
d

 
rn 
rn 
a U 0 
Fc 
a
 

0
 

U
 

rd 
u
 

0
 
a
 

I E rd 
!-I 
tc 
rd 
d
 
a
 0
 

r
l 

w
 3
 

3 0 d In
 

e4 I 
hl 

a, 
L4 5

 
bo 
d

 
Fr 

2-11 



I 
-
-
-
U

 I I I ! 1
 

I I I I 
-

1
 

I I I I I 
I
 

5
.

 
I 

z
t

 
0

 
I 

i
i

:
 

E
:

 
I I I I I 
I I I I I 

I
 

I
 I h 
i F eE 

M
 

E: 
.rl 
rn v
) 

a
 U
 

0
 

u
 
a
 

4J a
 

a, 
P

 
&

I 
(d

 
M

 
7

 
v
) 

I d 0 m
 I 

cv a 

2 .rl 
Frc 

t" L I
'
 

L i' I, I 61 k' 
kd

 

2-12 



c 

t 

h, 

L 

11' 
i' 

L 

(u; 

1 '  

'L$ 

Sect ion 3 

DEFINITION OF GEOTHERMAL RESOURCE REQUIREMENTS 

The o v e r a l l  process  heat  requirements w i l l  d i c t a t e  t h e  geothermal f l u i d  

flow requirements. 

geothermal resource temperature. 

Process heat input temperatures are l imi ted  by t h e  

This s e c t i o n  examines t h e  process heat  

requirements and t h e  ex t r ac t ion  methods ava i l ab le  t o  meet those  require- 

ments, g iv ing  due cons idera t ion  t o  t h e  constraints . imposed because of t h e  

geothermal f l u i d  proper t ies .  

3.1 , PROCESS CONDITIONS 

Process heat  is  required i n  t h e  sugar beet  prepara t ion ,  t h e  wheat and 

po ta to  cooking, t h e  alcohol  recovery and t h e  by-product recovery sec t ions  

of t h e  a lcohol  f a c i l i t y .  Process heat  balances ind ica ted  t h a t  t h e  maximum 

input  requirement would be  s l i g h t l y  more than 200 mi l l i on  Btu's pe r  hour - 
when processing sugar beets .  

d e s i r a b l e  with a f l u i d  temperature range of 250°F minimum i n l e t  and 200°F 

minimum e x i t  from process users .  The highest  temperature requirement is 

f o r  s t a r c h  cooking (a  consumptive u , although high temperatures i n  

o the r  services are d e s i r a b l e  t o  avo 

This heat  can be supplied by geothe 

pressure,  steam produced by f l a sh ing ,  o r  a secondary working f l u i d .  

More than one temperature l e v e l  would be 

huge hea t  t r a n s f e r  su r f ace  areas. 

1 f l u i d ,  i n  t h e  form of f l u i d  under 

The Raft River geothermal f l u i d  is low i n  s a l i n i t y ,  but  i t  s t i l l  has t h e  

p o t e n t i a l  t o  depos i t  s c a l e  on heat  t s f e r  sur faces  under pressurized 

conditions.  Some of t h e  process equ n t  i n  t h e  ethanol  production 

- p lan t  incorporates  hea t ing  sur faces ,  such as v e s s e l  Jacke ts ,  t h a t  are 

extremely d i f f i c u l t  t o  de-scale. 

geothermal f l u i d  was discarded. 

As a resu l t ,  t h e  d i r e c t  use of hot 
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Binary f l u i d  systems would e s s e n t i a l l y  r equ i r e  doubling t h e  o v e r a l l  p lan t  

heat  t r a n s f e r  surface,  and were thus  eliminated as being too expensive. 

Multiple temperature steam heat ing systems are rout ine ly  used i n  chemical 

process p lan ts .  

high, and not suscept ib le  t o  appreciable  foul ing.  I n  addi t ion ,  con t ro l  

of heat  t o  ind iv idua l  users  is simple and uses equipment a l ready f ami l i a r  

t o  t h e  industry.  

can be  done i n  such a way as t o  minimize geothermal f l u i d  flow. 

Heat t r a n s f e r  rates with condensing steam are uniformly 

Balancing hea t  flow a t  t h e  var ious temperature l e v e l s  

I n  order t o  provide clean steam from f l a sh ing  geothermal f l u i d ,  it is 

necessary t o  separa te  t h e  f l u i d  d rop le t s  containing dissolved so l id s .  

This can be accomplished by employing separat ion technology now used i n  

salt  evaporators. Separation e f f i c i e n c i e s  over 99.9 percent i n  t h i s  type 

of equipment is  typ ica l .  Flash vesse l s  using evaporator de-entrainment 

design cri teria should be a b l e  t o  provide steam containing less than 

10 mg/l dissolved s o l i d s  from geothermal sources.  

system w a s  s e l ec t ed  as bes t  meeting t h e  hea t  rate and temperature l e v e l  

needs of t h e  multi-feedstock p lan t .  

A three-stage f l a s h  

3.2 ESTABLISHMENT OF GEOTHERMAL WATER FLOW REQUIREMENTS 

Using a mul t i s tage  f lash ing  system t o  provide heat ing steam t o  t h e  process,  

t h e  t o t a l  geothermal f l u i d  flow can be approximated by equation 3.1. 

Where G = geothermal b r ine  flow, l b / h r  

Q = heat requirement, Btu/hr 

h l  = 

h2 = 

Cp = 

br ine  enthalpy a t  i n l e t  t o  
system, Btu/ lb  

b r ine  enthalpy a t  discharge 
condi t ions,  Btu/lb 

f l u i d  heat capaci ty ,  Btu/ lb  OF 
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I n  p rac t i ce ,  t h i s  equation is used t o  c a l c u l a t e  t h e  f l u i d  flow i n t o  each 

f l a s h  vessel, allowing f o r  t h e  vapor production i n  upstream vesse ls .  

minimum f l u i d  flow is then found where t h e  enthalpy change f o r  f l u i d  flow- 

i n g  from s t age  t o  s t age  exac t ly  matches t h e  heat  requirement f o r  users  a t  

t h a t  temperature l eve l .  

The 

For t h e  t h r e e  steam temperature level system, t h e  t o t a l  geothermal f l u i d  

flow requirements would vary from a maximum of 5,900 gpm f o r  sugar bee t  
processing t o  a minimum of about 4,100 gpm f o r  potato processing. Some 

s t e a m  users  can accept two steam temperature l e v e l s  t o  balance heat loads. 

Tota l  vapor production would be less than 8 percent of t h e  geothermal 

i n l e t  f l u i d .  

3 .3  STUDY OF PHYSICAL AND CHEMICAL CONSTRAINTS 

The expected range of geothermal f l u i d  chemical p rope r t i e s  is  shown i n  

Table 3-1. (4 1 

Scal ing by calcium carbonate takes  place i n  a l k a l i n e  geothermal br ine ,  

such as a t  Raft  River, when t h e  b r ine  pressure  is dropped, allowing f r e e  

carbon dioxide t o  be released. Deposition and foul ing  under these  con- 

d i t i o n s  can be dramatical ly  severe, o f t en  causing plugging i n  process  

equipment and piping i n  a matter of days. ( 5 )  

l a rge ly  cont ro l led  by t h e  addi t ion  of "threshold" type i n h i b i t o r s  t o  t h e  

br ine ,  upstream of t h e  f l a s h  point .  (6) 
organic phosphonates, ac ry la t e s ,  o r  polymers of maleic anhydride are 
added t o  t h e  r a w  b r i n e  i n  concentrat ion of 1 t o  5 mg/l. A number of 

t hese  comDounds have been t e s t e d  and found e i t h e r  b io log ica l ly  i n e r t  o r  

T h i s  phenomenon can be 

These i n h i b i t o r s ,  t y p i c a l l y  

(7) FDA approved f o r  use  i n  dr inking water. 

Both s t ront ium s u l f a t e  and s i l i c a  i n  t h e  geothermal b r ine  w i l l  exceed 
t h e i r  s o l u b i l i t y  l i m i t s  when t h e  b r i n e  is cooled. This  would tend t o  

cause deposi t ion i n  heat  exchangers, espec ia l ly  if t h e  f l u i d  v e l o c i t i e s  
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Table 3-1 

EXPECTED GEOTHERMAL FLUID 'PROPERTIES 

Cons t it  u ent 

Sodium 

Pot a s s  ium 

Calcium 

Analysis Range, mg/l 

300 - 1000 

30 - 100 

30 - 130 

Strontium 1 - 5  

Magnesium 0.5 - 1 .0  

Lithium 1.0 - 3..5 

Chloride 500 - 2000 

Fluoride 

Su l f a t e  

Bicarbonat e 

S i l i c a  

PH 

4 - 6  

30 - 50 

25 - 50 

125 - 150 

7.0 - 7.5 

P o t e n t i a l  s ca l ing  problems with t h i s  b r ine  can be expected 

from t h r e e  major species:  

0 Calcium carbonate 

0 Strontium s u l f a t e  

0 S i l i c a  

f '  
b 
t '  

L 
L 
L 
5 

L 
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L 
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are low and residence t i m e  unknown. The 'khreshold" i n h i b i t o r s  have shown 

some ef fec t iveness  f o r  s t ront ium s u l f a t e ,  but w i l l  not prevent s i l i c a  

deposi t ion.  Fortunately,  however, i n  a f l a sh ing  b r ine  s i t u a t i o n ,  t h e  

release of carbon dioxide causes t h e  b r ine  pH t o  increase ,  thus increas- 

i n g  s i l i ca  s o l u b i l i t y .  I n  addi t ion ,  t h e  k i n e t i c s  of s i l i c a  deposi t ion are 

extremely slow. 

g rea t ly  exceeded, and i f  res idence t i m e  is kept sho r t ,  say less than one 

I f  a system is designed so t h a t  s i l i c a  s o l u b i l i t y  i s  not 

hour from t h e  f l a sh ing  point  t o  r e in j ec t ion ,  s i l ica  deposi t ion is very 

unl ikely.  

Non-condensible gases  are present i n  t h e  geothermal br ine .  Materials 

t e s t i n g  has shown t h e r e  are t r a c e  amounts of hydrogen s u l f i d e  i n  t h e  

br ines .  ( 8 )  

with copper a l loys .  

should be s u i t a b l e  materials of construct ion.  

These are of s u f f i c i e n t  quant i ty  t o  cause corrosion problems 

Mild steel and s t a i n l e s s  steel ( i n  vapor spaces) 
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Section 4 

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

This s ec t ion  d iscusses  t h e  geothermal f a c i l i t i e s  required t o  support t he  

alcohol  production plant .  The o r i g i n a l  concept involved an op t imis t i c  

assessment which w a s  revised,  based on information supplied by EG&G Idaho, 

t o  r e f l e c t  a more geological ly  probable production and i n j e c t i o n  w e l l  

scheme for  meeting t h e  energy needs of t h e  alcohol  f a c i l i t y .  

4.1 WELL FIELD DESIGN 

I n i t i a l  d i scuss ions  with geologis t s ,  hydrologis ts ,  and engineers from EG&G 

concerning t h e  Raft  River geothermal area indicated t h a t  t h e r e  is n e i t h e r  

a general  concensus on t h e  extent  of t h e  moderate temperature resource nor 

any t y p i c a l  design condi t ions f o r  production w e l l s ,  including realist ic 

operat ing l i v e s .  

There is major f a u l t i n g  i n  t h e  Raft River area, so that  it is very d i f f i c u l t  

t o  p red ic t  t h e  r e s u l t s  from exploratory d r i l l i n g  even i f  i t  occurs near  an  

e x i s t i n g  w e l l . -  Exis t ing production i n  t h e  area is  l a rge ly  from w e l l s  i n t e r -  

s e c t i n g  f r ac tu res .  

An op t imis t i c  view of t h e  geothermal resource extent  w a s  taken f o r  t h e  

preliminary w e l l  f i e l d  design, which included w e l l  spacing on a %-mile 

g r i d  c l o s e  t o  t h e  conceptual p lan t  

i n  Sect ion 25 (Frank Glover's prope 1. Nine production w e l l s  were 

envisioned, each capable of producing an average o f  700 gpm over t h e i r  

operat ing lives with 200 kW of pumping power ava i l ab le ,  

. 

t e  which w a s  assumed t o  be 160 acres 

The geothermal 
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resource ana lys i s  performed by EG&G r e su l t ed  i n  t h e  w e l l  layout  scheme 

indicated i n  Figure 4-1 i n  which nine production w e l l s  are located i n  four  

’ zones wi th  s i g n i f i c a n t  p o t e n t i a l  f o r  geothermal production. Costs f o r  

d r i l l i n g  a t o t a l  of t h i r t e e n  w e l l s  were included i n  the  c a p i t a l  cos t  esti- 

mate. Four of t hese  are assumed t o  b e  economically unproductive. 

Average w e l l  depth is assumed t o  be 5900 f t  with a 13  3/8-inch cas ing  down 

t o  a depth of 1,400 f e e t  where a 14-stage TRW-Reda pump is set. 

develop a 500 p s i  head with a 300 hp motor, 

once every f i v e  years .  

are p o t e n t i a l  l oca t ions  f o r  replacement w e l l s .  

should be considered only conceptual i n  nature .  

The pumps can 

A replacement w e l l  is  d r i l l e d  

The l o w  p r i o r i t y  production w e l l  sites i n  Figure 4-1 

The suggested w e l l  layout  

Adequate exploratory d r i l l -  
i ng  is mandatory t o  t h e  successful  placement of production w e l l s .  ( 1) 

4.2 GEOTHERMAL WATER GATHERING SYSTEM 

Because of t h e  dispersed w e l l  layout ,  a s u b s t a n t i a l  p ip ing  network w i l l  be  

needed t o  t r a n s f e r  t h e  geothermal f l u i d  t o  the  energy ex t r ac t ion  system 

at  t h e  conceptual p l a n t  site. 

Figure 4-1) is composed of about 6 m i l e s  of i n su la t ed ,  buried p ipe  connect- 

i ng  the indiv idua l  production w e l l s  i n  each zone which connects with main 

supply piping t o  t h e  production p l an t .  

The f l u i d  gather ing system (dot ted l i n e s  i n  

Schedule 40 carbon steel p ipe  is  

used i n  nominal s i z e s  of 6 t o  12  inches i n  diameter. 

network is constructed by t renching below t h e  f r o s t  l i n e ,  then welding, 

spray in su la t ing  with 2 inches of urethane, and lay ing  the  pipe i n  the  

trench. 

t he  access ways are revegetated.  

BLM lands.  

production leasehold agreements o r  simple right-of-way leaseholds  where 

use of t he  p rope r t i e s  are re ta ined  by t h e  l e s so r s .  

The f l u i d  gather ing 

The 48-inch deep t rench is backf i l l ed  and compacted, and later 

Pipeways would c ros s  both p r i v a t e  and 
c 

Right-of-ways are assumed t o  be leased from owners e i t h e r  under 

The f l u i d  temperature drop from hea t  loss i n  t he  f l u i d  gather ing network 

is expected t o  be low - on t h e  order  of 1 t o  2OC. 
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4.3 ENERGY EXTRACTION SYSTEM 

The geothermal energy supply system is  designed t o  provide hea t  t o  t h e  

ethanol p l an t  i n  such a way as to:  

0 

0 Avoid sca l ing  of process hea t  t r a n s f e r  equipment 

0 Minimize geothermal b r ine  flow requirements 

Provide a l l  heat users  a t  t h e  proper temperature level 

This is done through t h e  use of a multistage f l a s h  steam supply. 

cases, l a r g e  heat users  such as t h e  multi-effect  evaporators f o r  bee t  

j u i c e  and s t i l l a g e  concentration are designed t o  accept steam a t  two 

temperature levels i n  order t o  balance heat loads. 

I n  some 

The mul t i s tage  f l a s h  system provides steam at  approximately 250°F, 225'F, 

and 205OF. By t r a n s f e r r i n g  t h e  energy from geothermal b r i n e  t o  t h e  process 

with steam, sca l ing  of complex heat t r a n s f e r  su r f aces  i n  dryers ,  Jacketed 

vesse l s ,  and evaporators is  avoided. 

The design of t h e  geothermal energy ex t r ac t ion  system is i l l u s t r a t e d  i n  

Figure 4-2 and t h e  ove ra l l  geothermal flow diagram is  presented i n  Section 6. 

Geothermal f l u i d  from each w e l l  is pumped indiv idua l ly  t o  t h e  energy extrac- 

t i o n  system. 

p o s i t i v e  displacement pump and mixed with a static mixer. The f l u i d  then 

flows t o  the. f i r s t  f l a s h  vesse l ,  where t h e  pressure  is  reduced t o  produce 

steam a t  250°F. The flow of geothermal f l u i d  is adjusted t o  maintain t h e  

25 OOF temperature . 

Here, a scale con t ro l  add i t ive  is metered i n t o  t h e  b r ine  by a 

The flashed l i q u i d  then flows t o  t h e  second s t age  f l a s h  vesse l ,  which is 

maintained a t  225'F. 

from t h e  second s t age  fo r  con t ro l  purposes. 

A small amount of steam i s  vented t o  t h e  atmosphere 

. -. 
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I n  t h e  t h i r d  s tage,  t h e  l i qu id  is f lashed t o  approximately 205OF. 

t h i r d  s tage  temperature is allowed t o  f l o a t ,  depending on t h e  steam 

The 

demands. r 
t 

The f l a s h  vesse l s  as w e l l  as major system piping are constructed of mild 

steel. 

ASME Section V I 1 1  code. The f l a s h  vesse ls ,  each 8 f e e t  i n  diameter by 

1 4  f e e t  high, are designed t o  handle up t o  125 percent of t h e  r a t ed  flow 

of f lash ing  l i qu id .  

The system is designed f o r  600 ps ig  and f u l l  vacuum, according t o  

Each vessel is  equipped wi th  a two-stage entrainment 

separa tor  which can be washed with condensate t o  reduce t h e  p o t e n t i a l  f o r  

plugging. The vessels are a l s o  equipped with manholes f o r  inspec t ion  and 

cleaning access, i f  necessary. 

4.4 GEOTHERMAL WATER DISPOSAL 

For br ine  in j ec t ion ,  t he  f l u i d  must be in j ec t ed  such t h a t  i t  does not  con- 

taminate t h e  dr inking water and i r r i g a t i o n  water supply which is obtained 

from shallow aqu i fe r s  a t  depths from about 100 f e e t  (30 m) t o  500 f e e t  

(155 m) . (4) 

f e r  t h e  hot f l u i d  i s  obtained from ( a t  least about t h e  same depth).  

recent  t e s t i n g  has shown an  aqu i f e r  a t  1,500 t o  2,500 f e e t  w i l l  accept re- 

in jec ted  flow readi ly .  "' 
not  known. 

quired a t  t h e  end of f i v e  years .  

t i o n  is  200 micron f i l t r a t i o n .  

Conservatively, t he  brine could be in jec ted  i n t o  t h e  same aqui- 

More 

Whether t h i s  can be used on a long-term b a s i s  is  

It is estimated an in j ec t ion  pressure of 250 t o  300 p s i  is  re- 

The only present  pretreatment f o r  injec-  

Five micron f i l t r a t i o n  may b e  required.  

S ix  i n j e c t i o n  w e l l s  are provided i n  t h e  conceptual design. 

is a spare .  

by ECAG.") 

inch casing down t o  1700 f t  (similar t o  RRGI-6). 

with a 500 hp p o s i t i v e  displacement pump capable of developing a 500 p s i  

head a t  1,100 gpm. 

Normally one 

Figure 4-1 shows t h e  loca t ion  of t he  i n j e c t i o n  f i e l d  recommended 

Average w e l l  depth is assumed t o  be 3,800 f e e t  with a 13 3/8- 

Each w e l l  is equipped 
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An uninsulated 16-inch eter l i n e  i n  the  same trench as t h e  main supply 

l i n e  from production zones 2 and 3 is used t o  t r a n s f e r  t he  cooled b r i n e  

t o  t h e  i n j e c t i o n  w e l l  d i s t r i b u t i o n  network. 

cooled b r i n e  p lus  steam condensate is withdrawn from the  t h i r d  f l a s h  s t a g e  

and pumped through e i g h t  p a r a l l e l  multi-media f i l t e r s  f o r  removal of sus- 

pended s o l i d s .  

ground t r a n s f e r  l i n e  t o  t h e  ind iv idua l  r e i n j e c t i o n  w e l l s .  

a flow diagram of t h e  o v e r a l l  geothermal system. 

i n  both the  supply and r e i n j e c t i o n  piping are high t o  keep a low t o t a l  f l u i d  

residence t i m e  i n  t h e  system as an a i d  t o  preventing p r e c i p i t a t i o n  and s c a l e  

deposi t ion.  

A t  t h e  a lcohol  f a c i l i t y ,  t he  

Af te r  f i l t r a t i o n ,  t h e  f l u i d  is routed through the  under- 

Sect ion 6 inc ludes  

Design f l u i d  v e l o c i t i e s  

4.5 RE SOURCE PROPERTY VARIATIONS 

The o v e r a l l  energy requirements f o r  processing t h e  se l ec t ed  feedstocks i n t o  

a lcohol  were considered during t h e  conceptual design of t h e  geothermal- 

a lcohol  f a c i l i t y .  

30 percent  less t o t a l  heat input  than sugar bee t s  processing, as discussed 

Both potatoes  and wheat processing would r equ i r e  about 

i n  Sect ion 6. 
needs. 

opera t ion  which could include dropping a feed material i f  i t  became too  

expensive and p o t e n t i a l l y  e l imina t ing  by-product dry ing  i f  a catt le f e e d l o t  

operat ion w e r e  developed i n  conjunction with t h e  geothermal-alcohol f a c i l i t y .  

The an t i c ipa t ed  extent  of t h e  geothermal resource i n  t h e  KGRA appears suf- 

f i c i e n t  t o  accommodate t h e  l a r g e r  energy demand of the three feedstock 

concept. 

Drying t h e  beet pulp accounts f o r  most of t h e  higher  energy 

The t h r e e  feedstock concept w a s  s e l ec t ed  t o  provide f l e x i b i l i t y  i n  

4.6 SYSTEM OPTIMIZATION 

The geothermal energy system rep rese  

needs of t h e  a lcohol  production f a c i l i t y  without compromising workabi l i ty  

on e i t h e r  t h e  geothermal or  t h e  a l c o  production s ide .  As i n d i c a t e d  i n '  

subsect ion 3.1, t h e  use  of p re s su r i z  r i n e  f o r  hea t  input  would repre- 

sen t  least cos t ,  but  has t h e  h ighes t  t echn ica l  r i s k  of foul ing  and sca l ing .  

The use of a secondary working f l u i d  o f f e r s  l i t t l e  t echn ica l  advantage 

t h e  concept bes t  su i t ed  t o  t h e  
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over t h e  f l u i d  f l a s h  system and would add s i g n i f i c a n t l y  t o  t h e  c a p i t a l  

cost  because of e f f e c t i v e  doubling of heat  t r a n s f e r  surface.  

The ove ra l l  cos t  of geothermal energy is  a s t rong  func t ion  of t h e  ex t rac ted  

energy per  un i t  of f l u i d  produced. 

crops is character ized by r e l a t i v e l y  high temperature energy needs and 

l i t t l e  demand f o r  low temperature heat  sources. 

must be returned t o  t h e  receiving strata. 

f o r  increased geothermal energy use i n  conjunction with an  alcohol  produc- 

t i o n  f a c i l i t y .  

commercially demonstrated by Gary Crook. 

has  examined numerous other  “waste heat”  u t i l i z a t i o n  concepts. 

i nd ica t e s  t h a t  co-users should be considered i n  any implementation plan. 

Alcohol production from a g r i c u l t u r a l  

Thus, a 20(HoF b r i n e  

Options should be considered 

Low temperature u t i l i z a t i o n  i n  t h e  KGRA has  a l ready  been 

The Raft River Geothermal Pro jec t  

Section 7 



Sect ion 5 

CONCEPTUAL DESIGN OF ALCOHOL FACILITY 

This sec t ion  incorporates  t h e  r e s u l t s  of Task 2 -P rocess  Flow Diagram 

Prepara t ion  as w e l l  as t h e  r e s u l t s  of Task 5. 

t h r e e  feedstocks were developed from in-house information, open l i t e r a t u r e ,  

and discussions with processors ,  enzyme manufacturers and equipment vendors. 

Design bases  w e r e  then es tab l i shed  from which t h e  conceptual design w a s  

prepared. 

out  so  t h a t  n e i t h e r  process  development nor equipment development would be 

needed. 

Process condi t ions  f o r  t h e  

' 

As noted i n  Section 2,  conventional technology w a s  used through- 

The conceptual f a c i l i t y  i s  designed t o  produce a nominal 20 mi l l ion  

- g a l l o n s  per  year  of anhydrous ethanol  using geothermal steam as t h e  s o l e  

heat  input .  Other u t i l i t y  resources  assumed t o  be ava i l ab le  are: 

0 E l e c t r i c  power 4.16 kV, 3 0 ,  60 Hz 

0 Cooling water 70°F (max.) source from 

0 Potable  water 60°F source from ground- 

shallow groundwater w e l l s *  

water w e l l s *  

5.1 DESCRIPTION OF OVERALL FACILITY 

The conceptual geot 

days per  year  f o r  20 
1-alcohol f a c i l i t y  is  designed t o  opera te  330 stream iJ' vided i n t o  s i x  process . 

P sec t ions  correspondin 100 through Sect ion 600 drawings 

' id presented later i n  t h  e ren t  feedstocks are 

- _  t o  be processed, t h r e  f material balances and major equip- 

ment spec i f i ca t ions  are presented. Por t ions  of t h e  p l a n t  are common t o  

a l l  t h r e e  feedstocks.  Since simultaneous processing is not envisioned, 

common equipment w a s  not dupl icated.  

k 

Ih 
- -- I 

* 
Per  d iscuss ions  wi th  Stanley Lloyd of Elba, Idaho - 55OF water ava i l ab le  a t  
300-foot depth i n  w e l l  d r i l l e d  no r th  of Glover property (January 4, 1980). 
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A nominal processing sequence of 4 months on sugar bee t s ,  5 months on 

potatoes ,  and 3 months on wheat is i l l u s t r a t e d  i n  t h e  process descr ip t ions .  

Sections 100, 400-A, and 500-A represent  the  p l an t  operat ion when sugar 

bee ts  are used as a feedstock. The design feed rate is  about 110 tons per 

hour and t h e  ethanol  product y i e ld  is 2,556 gal lons  per  hour (23.2 gal lons  

per  ton) .  Sect ions 200, 400-B, and 500-B represent  t h e  operat ion on potato 

feedstock. 

y i e ld  is 2,554 gal lons  per  hour (1.175 gal lons per  cwt).  Sect ions 300, 400-C, 
and 500-C represent  wheat operation. The ethanol  y i e ld  is  2,558 gal lons  per  

hour with a design feed rate of about 892 bushels per  hour (2.87 gal lons  per 

bushel) .  Section 600 includes t h e  geothermal system, product s torage,  t he  

cooling water system, and waste treatment common t o  a l l  th ree  feedstock 

operat ions.  

The design feed rate is about 2,173 cwt per  hour and t h e  ethanol  

Figure 5-1 represents  a p l o t  plan of t h e  alcohol  production f a c i l i t y ,  

and Figure 5-2 gives a perspect ive view of t h e  f a c i l i t y  as it  might appear 

i n  t h e  Raft River KGRA. 

assumed t o  be p r iva t e  r a t h e r  than f e d e r a l  land. '  Feed preparat ion f a c i l i t i e s  

including on-si te  s torage,  Sections 100 through 300, occupy a considerable  

port ion of t h e  developed p l an t  s i te .  

fermentation s t e p s  are housed i n  bui ldings f o r  weather pro tec t ion  (not a l l  

of t h e  bui ld ing  enclosures are shown). Product tankage and t h e  by-product 

s torage  s i l o s  are somewhat i so l a t ed  from t h e  main processing areas f o r  

reasons of sa fe ty .  

shipping t r a f f i c  would be handled through separate p l an t  gates .  

thermal f l z s h  system is  c e n t r a l l y  located with respect t o  process steam 

users.  

supply l i nes .  

losses .  

The conceptual p l an t  occupies about 55 acres 

Major process equipment through t h e  

It is an t i c ipa t ed  t h a t  feedstock receiving and product 

The geo- 

Geothermal f l u i d  piping is  underground as are t h e  major steam 

A l l  t h e  hot s i d e  piping i s  insu la ted  t o  minimize heat 

The foreground area i s  reserved f o r  d i sposa l  of s o l i d  waste r e s u l t i n g  from 

feedstock cleaning. 

two silt ponds and w i l l  be a r e l a t i v e l y  i n e r t  material. 

The bulk of t h i s  waste w i l l  be silt dredged from t h e  
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The following subsections descr ibe  t h e  process operat ions i n  t h e  alcohol  

f a c i l i t y  and include t h e  design bases,  material balances,  and equipment 

s p e c i f i c a t i o n s  f o r  each feedstock operation. 

recovery, and by-product recovery are presented as common operat ions f o r  

t h e  t h r e e  feedstocks.  

Fermentation, a lcohol  

5.2 BEET PROCESSING - SECTION 100 

Sect ion 100 covers beet  processing s t eps  up t o  fermentation, but  t h e  

e n t i r e  operat ion is summarized here. 

Sugar bee t s  are processed four  continuous months each year ,  November through 

February, following t h r e e  months of wheat processing. Three hundred t e n  

thousand tons  of f i e l d  run bee ts  are received by t h e  p l a n t  f o r  c leaning and 

processing. On-site s torage capaci ty  is about 80,000 tons,  0r about 

30 days supply. 

t h e  bee ts  over t h e  four-month period. 

of sugar of which 411 tons are ext rac ted  as a t h i n  j u i c e  i n  t h e  d i f fus ion  

process. The t h i n  j u i c e  (13.67 percent sugar) is  concentrated t o  19.1 per- 

cen t  sugar by evaporation. These 411 tons y i e l d  a ne t  of 202.8 tons of 

e thanol  a t  t h e  end of batch fermentation of t h e  j u i c e  concentrate.  The 

beer ,  containing about 10 percent  weight e thanol ,  is  d i s t i l l e d  t o  a 88 per- 

cen t  weight e thanol  overhead product, then dehydrated t o  a 200 proof e thanol  

About 21,000 tons  of t r a s h  and silt are removed i n  c leaning 

The d a i l y  s l ice  contains  4 2 1  tons  

product in a benzene-water-ethanol column. 

s t e p  i s  dewatered and d r i ed  f o r  by-product sale. 

the  beer  s t i l l  is evaporated t o  a syrup and d r i ed  with t h e  bee t  pulp. 

Fusel o i l s  (higher molecular weight a lcohols)  are a l s o  recovered as a 

by-product which are blended with the  ethanol  product. 

Beet pulp from t h e  d i f f u s i o n  

The whole s t i l l a g e  from 
I$ 

c 
M' 

I 

5.2.1 Design Bases 
I 

L The assumed composition of t h e  sugar bee ts  processed i n  t h e  p l an t  is 

presented i n  Table 5-1. Sixteen percent sugar is t y p i c a l  f o r  beet  v a r i e t i e s  

L grown i n  t h e  region. 
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Table 5-1 i 
t AVERAGE COMPOSITION OF SUGAR BEET (CLEAN) 

Soluble dry matter 

Marc 

Water 

J u i c e  Phase - 
Sucrose 

N-free organics 

(carbohydrates, ac ids ,  saponins) 

N-organics 

(betaine,  amides, amino ac ids ,  purines ,  
pyramidines, ammonia and n i t r a t e s )  

Inorganics (K, Ca ,  Mg, N a ,  P04, C 1 ,  SO41 

Water 

18.87% 

5.00% 
76.13% 

100.00% 

16.00% 

1.20% 

1.17% 

.50% 

76.13% 

h 

f 
b 

f '  
L 

f '  
L 
i '  
i 

L 
b 

Marc Phase 

Inso luble  pec t i c  material, 
pro te ins ,  saponins 

t 
1.25% 

Cellulose,  l i gn in ,  hemicelluloses 

Bound water 

1.25% 

2.50% 

100.00% L 
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The as-delivered bee t s  are assumed t o  contain a t o t a l  of seven percent  

(on a c l ean  beet  b a s i s )  fore ign  matter - rocks,  t r a s h  and s i l t .  

ing  t h e  bee ts ,  a l l  fore ign  matter i s  removed and 0.1 percent of t h e  

so lub le  dry matter (half  sucrose) is assumed t o  be l o s t  i n  washing (or  

i n  s torage) .  

I n  clean- 

F ie ld  run bee t s  are processed 24 hours per  day, seven days p e r  week a t  a 

design stream f a c t o r  of 90.4 p e r c e n t -  2,823 tons per stream day o r  2,552 

tons  per  day on a calendar  day bas i s .  Figure 5-3 is  a process flow diagram 

of t h e  beet  processing s t e p s .  Table 5-2 summarizes t h e  p r i n c i p a l  design 

bases f o r  each process s t e p .  

5.2.2 Beet Receiving and Storage 

Sugar bee t s  are shipped t o  t h e  ethanol  f a c i l i t y  by end-dump t r ac to r -  

trailers. The ne t  load averages 25 tons.  Trucks are weighed i n  (gross)  

and out  ( t a r e )  t o  record the  as-received tonnages. A t  t h e  sca l e ,  t rucks  

are d i r ec t ed  t o  one of two dump s t a t i o n s :  

t h e  o the r  f o r  t r a n s f e r  t o  s torage.  Five t rucks  p e r  hour are routed t o  

t h e  d i r e c t  processing s t a t i o n  where a hydraul ic  dump platform e l eva te s  

t h e  t rucks  f o r  discharge of t h e  bee t s  i n t o  t h e  w e t  hopper. 

one f o r  d i r e c t  processing,  and 

A t  t h e  o ther  dump s t a t i o n ,  beets are dumped i n t o  a dry hopper and fed onto 

a pinch-rol ler  t r a s h  screen which removes weeds and leaves. A t rave l ing-  

s t acke r  conveyor t r a n s f e r s  t h e  bee t s  t o  one of two p a r a l l e l  s to rage  p i l e s .  

A t ransverse  slewing boom is  

20 f e e t  ‘and t o  a width of 12 

conta in  40,000 tons.  Transverse a i r  duc ts ,  spaced a t  25-foot i n t e r v a l s ,  

d i s t r i b u t e  v e n t i l a t i o n  a i r  s u p p l i e  

d t o  s t a c k  t h e  bee t s  up t o  a height  of 

et. A t  f u l l  capaci ty ,  each p i l e  w i l l  

by low p r e s s u r e  fans .  

Beets are reclaimed a t  up t o  150 tons  per  hour by front-end loaders  working 

t h e  t o e  of a p i l e .  They load a moveable hopper posi t ioned above t h e  

reclaim b e l t  conveyor. The reclaim conveyor discharges i n t o  t h e  w e t  dump 

hopper from which bee t s  en te r  t h e  flume system. 
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Table 5-2 

PRINCIPAL DESIGN BASES -PROCESSING SUGAR BEETS 

Elevation and Normal Atmospheric Pressure 4800 f t ;  12.24 p s i a  

Beet Receiving & Storage 

Receiving periods 
Carrier 
Loads pe r  day 
Direct process 
R e c l a i m  from st orage 
Maximum reclaim rate 

Beet Washing 

Flume water 
Wash water 
Direct recycle  
Pond recycle  
Lost t o  sludge 

Beet S l i c i n g  

S l i c i n g  capaci ty  
Compressed a i r  t o  sl icers 

Knife block cyc le  t i m e  
(cleaning) 

Diffusion 

Average d i f fus ion  temp. 
Draft  
Length of c o s s e t t e s  
Diffuser  constant 
Diffusion t i m e  
Sugar i n  pulp 
Sugar i n  s l i c e d  bee t s  
Diffuser  capaci ty  
Diffusion steam 

dayl ight  hours, 7 days p e r  week 
25-ton ne t  t r a c t o r - t r a i l e r s  (end dump) 
113 average maximum f o r  f i r s t  60 days 
1250 tpd 
1573 tpd 
150 t p h  

2000 gal / ton of b e e t s  f lumed , (design)  
400 ga l / t on  of bee t s  (design) 

60 percent (design) 
19 percent (maximum) 
1 percent (minimum) 

1000 tpd p e r  machine 

30 l b / t o n  of bee t s  s l i c e d  
4 hours 

7OoC + 273' = 343OK 
114 l b  juice/100 l b  c o s s e t t e s  
13 m / 1 0 0  g cossettes 
6.6 x 10-5 
64 minutes 
0.353% wt (1.237% w t  on pulp) 
15.95% w t  
3200 tpd 
15,400 l b / h r  @ 205OF 
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Table 5-2 (continued) 

Pulp Dewatering 

Raw pulp moisture 
Screened pulp moisture 
Pressed pulp moisture 
Sugar l o s s  i n  pulp 
Press water return 

93% w t  
85% w t  
80% w t  
1 .237% w t  on pulp 
80% on raw pulp 

Thin Juice Concentration 

Sucrose exit concentration 
Number of effects 
Economy 
Steam requirements 

19 .1% w t  
4 
3.2 

22,350 lb/hr @ 25OoF 
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5.2.3 Beet Washing 

The b e e t s  are cleaned t o  remove rocks,  t r a s h  and s o i l  p r i o r  t o  s l i c i n g .  

Beets are s lu i ced  i n t o  t h e  flume system with a mixture of f r e s h  and 

recycled flume w a t e r .  A feeder  i n  t h e  flume regu la t e s  t h e  flow of bee t s  

i n t o  t h e  downstream por t ion  of t h e  flume. 

removes rocks from t h e  l i g h t e r  bee t s  using an upward flow of water t o  

l i f t  t h e  bee t s  and allow the  rocks t o  sett le downward i n  t h e  rock chute.  

A chain conveyor removes t h e  co l l ec t ed  rocks. Weeds, leaves, and beet  

tails are removed i n  a Dalton-type t r a s h  separa tor .  

discharged from a r o t a t i n g  drum onto a b e l t  conveyor f o r  t r a s h  d isposa l .  

The bee t s  r e t u r n  t o  t h e  flume and e n t e r  t h e  washer which has a dewatering 

sec t ion  a t  t h e  i n l e t .  Fresh water is  added as t h e  bee t s  pass  onto a b e l t  

conveyor. 

a sump. 

c l a r i f i e r  f o r  cleanup. S i l t  settles out  i n  t h e  c l a r i f i e r  and i s  pumped 

t o  one of two silt ponds. The c l a r i f i e r  overflow (about 80 percent)  is  

recycled t o  t h e  head end of t h e  flume. 

c l a r i f i c a t i o n  t o  occur so add i t iona l  water can be recycled. 

accumulates i n  t h e  ponds and is dredged a t  t h e  end of t h e  bee t  processing 

A Dyer-type rock ca tcher  

The t r a s h  is  

Flume water and wash water pass  over a t r a s h  screen and i n t o  

The water can be recycled d i r e c t l y  o r  discharged t o  a g rav i ty  

The silt ponds allow f u r t h e r  

Sludge 

season. 

5.3.4 B e e t  S l i c i n g  

Washed bee t s  are conveyed t o  a bucket e l eva to r  which l i f t s  them t o  a 

hor izonta l  t r a n s f e r  conveyor above t h e  SO-ton capaci ty  c lean  beet bin.  

The b i n  is mounted above th ree  1,000-ton-per-day capac i ty  r o t a r y  slicers. 

Rotating kn i f e  blocks c u t  t h e  bee t s  i n t o  t h i n  sl ices ( c o s s e t t e s ) ,  

k n i f e  blocks are changed out  about every four  hours  f o r  sharpening. 

Compressed a i r  is used t o  c l ean  t h e  blocks during operat ion.  

are fed  onto a weigh b e l t  conveyor (weightometer) which automatical ly  

weighs and t o t a l s  t h e  d a i l y  slice. 

The 

The c o s s e t t e s  
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5 .2  .’5 Diffusion L 
Hot water ex t r ac t ion  of t h e  j u i c e  from t h e  cosse t t e s  is  ca r r i ed  out i n  a 

continuous s lope  d i f fuse r .  The 3,200-ton-per-day capaci ty  S i l v e r  D.d,S. 

d i f fuse r  is  steam jacketed t o  maintain the  j u i c e  and pulp a t  t h e  desired 

temperature (16O0F average). Cosset tes  en te r  t h e  lower end and are 

conveyed upward by the  s c r o l l s .  

t h e  top end and pass  downward countercurrent ly  contact ing t h e  cosse t t e s .  

By d i f fus ion ,  t h e  j u i c e  phase passes from c e l l u l a r  material i n t o  t h e  

l i qu id .  Exhausted cosse t t e s  (pulp) are discharged from t h e  top end of 

t h e  d i f f u s e r  and drop onto a dewatering screen. 

charged (on level con t ro l )  from t h e  low end of t h e  d i f f u s e r  i n t o  a tank. 

The t h i n  j u i c e  amounts t o  about 114 percent based on t h e  weight of t h e  

en ter ing  cosse t tes .  The sugar content is 13.67 percent and represents  

a 97.8 percent sugar recovery. 

Hot water and pulp r e tu rn  water en te r  

The t h i n  j u i c e  i s  d is -  

5.2.6 Pulp Dewatering 

The r a w  pulp is screened t o  remove f r e e  water and then conveyed t o  th ree  

hor izonta l  twin-screw presses  f o r  dewatering t o  about 80 percent moisture 

content.  

material i s  conveyed t o  by-product drying. Screening water and press  

water are pumped t o  t h e  d i f fus ion  water i n l e t .  Hot process condensate 

water is  a l s o  added t o  t h e  r e tu rn  water stream ahead of a t r i m  hea te r .  

Steam heating t h e  d i f fus ion  w a t e r  on occasion helps  t o  cont ro l  b a c t e r i a l  

growth i n  t h e  d i f f u s e r .  

Nearly 32 tons  p e r  hour of pressed pulp are generated. This 

5.2.7 Thin J u i c e  Concentration 

Multiple-effect  evaporation is used t o  raise t h e  sucrose concentrat ion i n  

t h e  j u i c e  t o  about 19.1 percent f o r  optimum fermentation and alcohol  

recovery. 

backward feed ( t o  t h e  four th  e f f e c t ) .  
f i r s t  e f f e c t  vaporizes water which is used as steam t o  t h e  second, lower 

temperature e f f e c t .  

A four-effect  v e r t i c a l  tube evaporator system is operated with 

Geothermal steam a t  250°F i n  t h e  

Concentrated j u i c e  is withdrawn from t h i s  e f f e c t  and 
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is  used t o  preheat t h e  t h i n  j u i c e  feed. Vapor from t h e  fou r th  e f f e c t  

(co ldes t )  is  condensed i n  an air-cooled condenser which a l s o  rece ives  

condensate from t h e  previous two e f f e c t s .  

maintain subatmospheric pressure.  

d i f f u s e r .  

(400-A). 

ko 4.5 p r i o r  t o  fermentation. 

A vacuum pump is  used t o  
c 

Recovered condensate is routed t o  t h e  

The concentrated j u i c e  is sen t  t o  t h e  fermentation s e c t i o n  

D i l u t e  hydrochloric ac id  is added in - l ine  t o  drop the  j u i c e  pH 

The beet  processing equipment i s  located i n  t h e  upper l e f t  corner  of t h e  

p l o t  plan,  Figure 5-1. 

5.3 POTATO PROCESSING - SECTION 200 

Pota toes  are processed f o r  f i v e  continuous months each year ,  March through 

Ju ly ,  following t h e  four  months of sugar bee t  processing. 

tons of po ta toes  are received by t h e  p l an t  f o r  c leaning and processing 

dur ing  t h i s  per iod.  

mash rate is 2,607 tons  of potatoes  (c lean  b a s i s )  pe r  day. 

mash contains  389 tons  of s t a r c h  which is  converted t o  432 tons  of sugar. 

About 360,000 

On-site s torage  capac i ty  i s  36,500 tons.  The design 

The d a i l y  

A t  t h e  end of t h e  batch fermentation, t h i s  sugar i s  converted t o  202 tons  

pe r  day of ethanol.  

d i s t i l l e d  t o  a 88 percent  weight overhead product,  then dehydrated to  

v i r t u a l l y  a 200 proof e thanol  product i n  a benzene-water-ethanol column. 

The beer  (containing 11 percent  weight e thanol)  is 

The whole s t i l l a g e  from t h e  beer s t i l l  is  centr i fuged.  

thermally t o  90 percent  s o l i d s ,  Approximately 206 tons  of t h i s  d r i ed  

animal feed are produced per  stream day. 

The cake is  d r i ed  

5.3.1 Design Bases 

Table 5-3 p resen t s  t h e  assumed composition of t h e  pota toes  processed i n  

t h e  p l an t .  
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Table 5-3 

AVERAGE POTATO COMPOSITION (CLEAN) 

Water 

Starch  

P ro te ins  and f a t s  

Fiber  

77.5% 

15.0% 

2.1% 

5.4% 

100.0% 

A l l  fo re lgn  matter (assumed t o  be  1 percent  weight on pota toes)  is removed 

i n  c leaning and 0.1 percent of t h e  so luble  dry matter is assumed t o  be 

l o s t  i n  dewatering. 

Potatoes  are processed 24 hours per  day, seven days p e r  week a t  a design 

stream f a c t o r  of 90.4 percent  (2,630 tons per  stream day). 

marizes t h e  p r inc ipa l  design bases  f o r  each process s t e p  i n  Sect ion 200. 

Figure 5-4 shows t h e  process s t e p s  and material flows. 

Table 5-4 sum- 

5.3.2 Pota to  Receiving and Storage 

Potatoes  are shipped t o  t h e  ethanol  f a c i l i t y  by end dump tractor-trailers. 

The ne t  load averages 20 tons.  

t o  record t h e  as-received tonnages. A t  t h e  sca l e ,  t rucks  are d iver ted  t o  

t h e  dump s t a t i o n  where pota toes  are dumped i n t o  t h e  po ta to  cellar which 

provides s to rage  space f o r  1 4  days' po ta to  requirement (36,500 tons) .  

Potatoes  are reclaimed by front-end loaders  working a t  t h e  t o e  of a p i l e .  

The loaders  t r a n s f e r  t h e  potatoes  t o  t h e  reclaim b e l t  conveyor which d is -  

charges i n t o  t h e  s l a b  s to rage  area which provides pota to  s to rage  f o r  e ight  

hours of p l an t  operation. 

Trucks are weighed i n  (gross)  and out  ( t a r e )  
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Table 5-4 

Po ta to  Receiving and Storage  

Receiving per iods  
Carrier 
Loads p e r  day 
Direct Process  

P o t a t o  Washing 

Flume water 
Wash water 
Direct r ecyc le  
L o s t  t o  s ludge  

P o t a t o  Mashing 

Number of d i s i n t e g r a t o r s  
Mashing rate 

Mash Deyater ing 

Raw mash moisture  
Dewatered mash moisture  
Concent ra te  moisture  

S t a r c h  Liquefac t ion  

Crude s t a r c h  s l u r r y  
PH 
Cooking steam temperature  
Enzyme dosage 
Cooking t i m e  and temperature  
Hold t i m e  and temperature  
Dextrose equiva len t  

S a c c h a r i f i c a t i o n  

Enzyme dosage 
Holding t i m e  
Temperature 
PH 
S ta rch  conversion 

day l igh t  hours ,  7 days p e r  week 
20-ton n e t  t r a c t o r - t r a i l e r s  (end dump) 
142 (10% t o  s t o r a g e )  
2607 tpd  (clean) 

1920 g a l / t o n  of p o t a t o e s  flumed (design)  
100 g a l / t o n  of p o t a t o e s  (des ign)  

98 pe rcen t  (design)  
2 pe rcen t  

3 
870 tpd p e r  machine 

PRINCIPAL DESIGN BASES - POTATO PROCESSING 

78% w t  
69% w t  
98% w t  

32% w t  dry  s o l i d s  (DS) 
6.5 

2 5 OOF 
0.1% w t  on DS 
5 minutes a t  221°F 
90 minutes a t  203OF 
1 0 -  14 

0.15 ga1/1000 l b  DS 
40 hours  
14 OOF 
4 :5 
95+% 
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5.3.3 Potato Washing 

The potatoes  are conveyed via a flume t o  one of t h r e e  pota to  washers. 

Flume water i s  recycled. Wash water is supplied t o  each washer a t  75 

ga l lons  per  minute. 

compartment silt  s e t t l i n g  pond. Suspended s o l i d s  se t t le  out i n  t h e  f i r s t  

compartment and c l a r i f i e d  water flows i n t o  t h e  second compartment from 

which it  is  recycled as flume water makeup. Two si l t  ponds are provided. 

Sludge accumulates i n  t h e  s e t t l i n g  ponds and is  dredged a t  t h e  end of t h e  

pota to  processing season. 

The wash water flow from the  washer goes t o  a two- 

5.3.4 Potato Mashing and Dewatering 

Washed pota toes  are conveyed t o  one of t h r e e  feed b ins  and then t o  t h r e e  

d i s i n t e g r a t o r s  where t h e  potatoes  are 'crushed, and res idua l  fore ign  matter 

(tramp i ron ,  etc.) is  separated from t h e  mash and discharged t o  w a s t e .  

The mash flows from t h e  d i s i n t e g r a t o r s  t o  screens where coarse  pota to  

pieces are removed and recycled t o  t h e  d i s in t eg ra to r s .  

flows t o  a cen t r i fuge  where i t s  moisture content i s  reduced t o  approximately 

68 percent.  

t h e  wastewater treatment f a c i l i t y  (Section 600). 

The screened mash 

The c e n t r a t e  containing 0.3 percent  s t a r ch ,  is  discharged t o  

5.3.5 Starch Liquefaction 

A two percent so lu t ion  of sodium hydroxide is added in - l ine  t o  raise t h e  pH 

of t h e  dewatered mash from 5.6 t o  6.5. 

i s  used t o  provide a shor t  holdup. 

mash t o  break dawn t h e  s t a r c h  bonds and about 18,330 pounds per  hour of 

250°F geothermal steam are in j ec t ed  i n t o  th ree  p a r a l l e l  steam mixers t o  

raise t h e  temperature of t h e  mash t o  221°F f o r  g e l a t i n i z a t i o n  and cooking 

of t h e  s ta rch .  The s t a r c h  is  cooked f o r  f i v e  minutes i n  a tubular  cooker 

a t  221°F and i s  then f l a s h  cooled t o  203OF. 

a s ix-s tage baf f led  hold tank which provides 90 minutes de ten t ion  t i m e .  

Agitators are provided for adequate mixing of t h e  hold tank contents  t o  

An a g i t a t e d  vessel i n  Sect ion 300 

Alpha amylase i s  next added t o  t h e  

The cooked mash next en te r s  
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prevent s e t t l i n g  of suspended matter. 

t o  140°F and t r ea t ed  with a f i v e  percent hydrochloric ac id  so lu t ion  t o  

lower t h e  pfl from 6.5 t o  4.5. 

The hold tank  e f f l u e n t  is cooled 

5.3.6 Sacchar i f ica t ion  

Glucoamylase is. added t o  the  l i q u i f i e d  s t a r c h  t o  break down t h e  s t a r c h  

dex t r in s  t o  produce a high y i e ld  of fermentable glucose. 

p lace  i n  f i v e  170,000-gallon saccha r i f i ca t ion  vesse l s ,  ‘each wi th  40 hours 

r e t en t ion  t i m e .  A steam jacke t  around each saccha r i f i ca t ion  vesse l  main- 

This takes  

t a i n s  t h e  conten ts  a t  140°F. 

a g i t a t o r  t o  ensure adequate mixing of t h e  r eac t an t s .  

Each vesse l  is a l s o  equipped with an 

5.4 WHEAT PROCESSING - SECTION 300 

Soft  white winter  wheat is processed i n  t h e  a lcohol  f a c i l i t y  t h r e e  months 

per  year ,  normally i n  August, September, and October. W h e a t  is  purchased 

on t h e  open market and de l ivered  by t ruck  t o  t h e  p l an t  during t h e  process- 

i n g  period. The wheat is cleaned and ground whole. The whole ground 

wheat is processed much l i k e  potatoes  t o  l i b e r a t e  t h e  s t a r c h  molecules 

and convert  t h e  s t a r c h  t o  glucose p r i o r  t o  fermentation. 

day of s t a r c h  and 20 tons of sugars  are converted t o  433 tons of glucose which, 

About 371 tons per  

i n  turn ,  are fermented t o  y i e ld  203 tons  of ethanol.  About 227 tons pe r  day 

of by-product s o l i d s  are recovered from the  fermenter mash so l id s .  

5.4.1 Design Basis 

Table 5-5 presents  t h e  assumed composition of t h e  winter  wheat processed 

i n  t h e  p lan t .  

(on a c l ean  wheat bas i s )  i n e r t  fore ign  matter, inc luding  rocks,  sand and 

f i e l d  dust .  

A s  de l ivered ,  wheat is  assumed t o  conta in  up t o  20 percent 

Dry cleaning removes t h i s  fore ign  matter. 

Wheat is  processed 24 hours per  day, seven days pe r  week a t  a design 

stream f a c t o r  of 90.4 percent.  Table 5-6 ind ica t e s  t h e  p r i n c i p a l  design 

b a s i s  f o r  each process s tep .  

wheat processing Section 300. 

Figure 5-5 i s  a process flow diagram of 
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Table 5-5 

AVERAGE WHEAT COMPOSITION - CLEAN BASIS 

e 
I 

Component 

Moisture 

Starch 

Sugars 

Protein & Fat 

Fibers 

-. 

U 
I .  

Soluble Solids 

Total 

X Weight 

8.95 

57.87 

3.15 

11.57 

9 .oo 

9.46 

100.00 
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Table 5-6 

PRINCIPAL DESIGN BASES -WEAT PROCESSING 
, 

Receiving & Storage 

Receiving per iods 
Carrier 
Loads per day 
Storage capaci ty  
R e c l a i m  rate 

Cleaning & Grinding 

Type of cleaning 
Grinding capaci ty  
Stage of mi l l i ng  
S ize  reduct ion 

Starch Liquefaction 

Crude s t a rch  s l u r r y  

Cooking steam temperature 
Enzyme dosage 
Cooking time & temperature 
Holding time & temperature 
Dextrose equivalent  

pH I 

Saccharif icat ion 

Enzyme dosage 
Holding t i m e  
Temperature 
PH 
Starch convers ion 

dayl ight  hours, 7 days per  week 
18-ton net t r a c t o r - t r a i l e r s  (end dump) 
43 
360,000 bushels (14 days) 
1070 bushels pe r  hour ( d i r t y )  

screening and gravi ty  separa t ion  
1000 bushels per  hour 
4 ( r o l l e r  m i l l s )  
-20 mesh (99 percent)  

30% w t  dry s o l i d s  (DS) 
6.5 
2500F 
0.1% w t  on DS 
5 minutes a t  221°F 
90 minutes a t  203'F 
10 -  1 4  

0.15 ga1/1000 l b  DS 
40 hours 
14 OOF 
4.5 
95+% 
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5.4.2 Receiving and Storage , .  

Wheat is shipped from l o c a l  e leva tors  t o  t h e  e thanol  f a c i l i t y  by end dump 

trailer t rucks .  

proceed t o  a dump s t a t i o n .  

Upon arrival a t  t h e  ga te ,  t h e  t rucks  are weighed and 

A hydraulic t ruck  l i f t  e l eva te s  t h e  t ruck  and 

trailer, dumping the  wheat i n t o  a hopper t h a t  is equipped with dus t  

con t ro l  hooding. An under-hopper b e l t  conveyor t r a n s f e r s  t h e  wheat t o  a 

bucket e leva tor .  The bucket e leva tor  discharges wheat onto an elevated 

t r a n s f e r  conveyor which feeds  four  90,000-bushel capac i ty  s to rage  bins. 

Tota l  s torage  capacity is s u f f i c i e n t  f o r  two weeks operatfon. 

5.4.3 Wheat Cleaning and Grinding 

The s tored  wheat is  cleaned dry and ground whole t o  prepare it as a sub- 

strate f o r  s t a r c h  conversion and fermentation. The wheat is pneumatically 

conveyed from t h e  s torage  b i n s  t o  a surge b i n  ahead of t h e  sca lper .  

shaker-screen type sca lper  removed s t i c k s ,  s tones ,  s t a l k s  and similar 

o f f a l  present i n  t h e  uncleaned wheat. The screened wheat then passes 

through an  a s p i r a t o r  which employs cu r ren t s  of a i r  d i r ec t ed  through t h e  

dispersed f a l l i n g  wheat t o  separa te  l i g h t  (dust ,  f i b e r s ,  cha f f )  and heavy 

(sand) materials from t h e  gra in .  

The 

The separated d e b r i s  is  co l l ec t ed  f o r  . 

1 
-1 
P 
3 
3 
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m 

land d isposa l .  

The cleaned wheat is fed by a ro t a ry  va lve  i n t o  a surge b i n  and then  i n t o  

a dump scale fo r  weighing. The wheat is ground t o  -20 mesh i n  four  s t ages  1 
of reduction by r o l l e r  m i l l s .  

is attempted. 

No phys ica l  separa t ion  of kerne l  components 

The ground wheat is discharged t o  a surge bin. 

5.4.4 Liquefaction 

A ro t a ry  va lve  feeds t h e  crude wheat f l o u r  i n t o  a 10,000-gallon mixing 

tank. 

dry so l id s .  

contents t o  ad jus t  t h e  s l u r r y  pH t o  6.5. 

W a r m  condensate is added t o  make up a s l u r r y  containing 30 percent 

Two percent sodium hydroxide is  added t o  t h e  mixed tank  

Alpha amylase is added t o  t h e  
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crude s t a r c h  s l u r r y  in-line as t h e  s l u r r y  i s  pumped t o  th ree  p a r a l l e l  

steam I n j e c t o r s  (hydroheaters). About 11,070 pounds pe r  hour of 250°F 

geothermal steam is in jec ted  t o  raise t h e  s l u r r y  temperature t o  221°F f o r  

g e l a t i n i z a t i o n  and cooking of t h e  s ta rch .  

f o r  f i v e  minutes i n  a tubular  c o i l  and then flash-cooled t o  203OF. The 

flash-cooled s l u r r y  enters a s ix-s tage baf f led  hold tank which provides 

n ine ty  minutes r e t en t ion  time. An a g i t a t o r  is provided i n  each baf f led  

The s t a r c h  s l u r r y  is  cooked 

sec t ion  t o  prevent s e t t l i n g  of t h e  suspended matter. 

e f f luen t  i s  cooled i n  a plate-type exchanger t o  140°F and f i v e  percent  

hydrochloric ac id  is  added in- l ine  t o  reduce t h e  cooled s l u r r y  pH t o  4.5. 

The l i que fac t ion  equipment is  t h e  same as t h a t  used f o r  po ta to  processing. 

The hold tank 

5.4.5 Sacchar i f ica t ion  

Glucoamylase is  added t o  t h e  l i que f i ed  s t a r c h  s l u r r y  t o  break down,starch 

dex t r in s  t o  fermentable glucose. This  conversion takes  p lace  i n  f i v e  

170,000 ga l lon  vessels providing about 40 hours t o t a l  r e t en t ion  t i m e .  

Each vesse l  has a steam jacke t  t o  maintain t h e  contents  a t  140°F. Each 

vesse l  is  a l s o  equipped with an a g i t a t o r  t o  mix t h e  conten ts  during t h e  

hold period. 

The saccha r i f i ca t ion  equipment is t h e  same as t h a t  used f o r  po ta to  process- 

ing. The glucose content of t h e  sacchar i f ied  s l u r r y  is about 20.8 percent .  

5.5 FERMENTATION AND ALCOHOL RECOVERY - SECTION 400 

The fermentation and alcohol  recovery equipment i s  designed t o  process  t h e  

sugar so lu t ion  from any of t h e  t h r e e  feedstock processing sec t ions .  

t a t i o n  is a batch process.  Alcohol recovery is  continuous process. 

material and energy balances f o r  t h e  t h r e e  feedstocks are a l l  s l i g h t l y  

d i f f e r e n t  and hence th ree  vers ions  are presented. 

Fermen- 

The 
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5.5.1 Fermentation 

Figures 5-6, 5-7, and 5-8 show t h e  material balances f o r  fermentation of 

sugar so lu t ions  from beet processing, potato processing, and wheat process- 

ing,  respect ively.  

t a t ion .  Fermentation of t h e  so lu t ion  is ca r r i ed  out batch-wise i n  t e n  

170,000-gallon fermenters t o  y ie ld  a n e t  of about 2,560 ga l lons  per  hour 

of ethanol.  

The t o t a l  cyc le  t i m e  per fermenter is 60 hours and e ight  batches are 

always i n  some s t age  of fermentation a t  any one t i m e .  

being f i l l e d  and one is being emptied and cleaned a t  any one t i m e .  

0 The sugar so lu t ion  is  cooled t o  80 F p r i o r  t o  fermen- 

Table 5-7 summarizes t h e  fermentation design parameters. 

One fermenter is  

A t  t h e  start of a cyc le ,  sugar so lu t ion ,  yeas t  and n u t r i e n t s  are pumped 
i n t o  t h e  fermentation tank. As t h e  fermentation proceeds, heat released 

by t h e  reac t ion  increases  t h e  mash temperature. 

i n  t h e  r eac t ion  a l s o  is released i n t o  t h e  vapor space of t h e  fermenter. 

Carbon dioxide formed 

The mash is  c i r cu la t ed  through plate-type exchangers when t h e  bulk 

temperature reaches about 90°F. 

of t h e  heat  of reac t ion  and l i m i t s  t h e  mash temperature rise. 

required only p a r t  of t h e  fermentation t i m e  so  one exchanger can be used 

t o  serve  two fermenters. The mash can be c i r cu la t ed  f o r  mixing purposes 

a lone by bypassing the  exchanger. Evolved vapors, mainly CO2, are water 

scrubbed i n  a 5-foot diameter, 5-tray column t o  recover e thanol .  

from t h e  scrubber is  pumped t o  t h e  beer w e l l .  

t o  t h e  atmosphere. 

Cooling w a t e r  a t  70°F removes t h e  bulk 

Cooling is  

Blowdown 

Scrubber off-gas is vented 

A t  t h e  end of t h e  48-hour fermentation period, t h e  fermented mash, contain- 

i ng  about 10  percent e thanol ,  i s  pumped t o  t h e  beer  w e l l .  

fermenter is  chemically cleaned by i n t e r n a l  spraying machines, s t e r i l i z e d  

with an iod ine  so lu t ion ,  and r insed with steri le water. 

The empty 

The spent so lu t ions  

are routed t o  wastewater treatment,  and t h i s  tank i s  again ready f o r  se rv ice .  
1 ’  
b 
t 
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Table 5-7 

PRINCIPAL DESIGN BASES - FERMENTATION 

Chemical Reactions & Conversions (Basis: 100 lbs glucose) 

HYDROLYSIS: 

Sucrose to glucose (100% conversion) 

Cl2HZ2Ol1 + H20 I 2C H 0 6 12 6 

(95 lbs) (5 lbs) (100 lbs) 

Starch t o  glucose (100% conversion) 

(C6H1005)n + nH20 r nC H 0 6 12 6 
(90 lbs) (10 lbs) (100 lbs) 

GLUCOSE CONVERSION : 

To ethanol (91.818% conversion) 

C6H1206 Y east 2C2H50H -I- 2C02 

(91.818 lbs) (46.97 lbs) (44.848 lbs) 

To yeast (3.636% conversion) 

C6H1206 - innooulum yeast + 1,452 C02 + 1.452 H20 

(1.818 lbs) (1.290 lbs) (0.528 lb) (3.636 lbs) 

To other by-products (4.545% conversion) I 

2kC6Hl2O6 - 3CH3CH0 + CH3(CH 2 3  ) CH 2 OH + 4C02 + 3H20 

(1.333 lbs) (0.89 lb) (1.777 lbs) (0.545 lb) (4.545 lbs) 
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Table 5-7 (Continued) 

1' 

b 

Fermentation Conditions 

Feed sugar concent rat ion 

Fermentation t i m e  

Fermentat ion temperature 

Fermentation pH 

Heat of reac t ion  

Yeast makeup requirements 

Nutrient requirements 

Number of fermenters 

Fermenter f i l l  time 

Fermenter empty & clean t i m e  

Tota l  cyc le  t i m e  

Maximum/design capaci ty  

Surge Capacity 

Fermenter product 

Off-gas Scrubbing 

Vapor s u p e r f i c i a l  ve loc i ty  

L/G r a t i o  

Pressure drop - 

Gas i n l e t  temperatur 

Gas e x i t  temperature 

19.- 2 1  percent 

48 hours (batch) 

80 t o  90°F 

4.5 

420 Btu/lb e thanol  

0.2385 lb/100 l b s  e thanol  

0.954 lb/100 l b s  e thanol  

10 

6 hours 

6 hours 

60 hours/fermenter 

120 percent of design 

8 hours 

3 feet per second 

20 gals/1000 ACFM 
3-in WG 

850F average 

700F average 
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The fermented mash (beer) charged t o  t h e  beer w e l l  contains  water, y e a s t  

and other  insolubles ,  dissolved s o l i d s  (organic and inorganic) ,  f u s e l  o i l ,  

and aldehydes i n  addi t ion t o  t h e  ethanol. 

vides  e ight  hours of surge capaci ty  and t h e  tank contents  are c i r c u l a t e d  

continuously t o  provide a uniform feed t o  t h e  d i s t i l l a t i o n  sec t ion .  

The 228,000-gallon t ank  pro- 

5.5.2 Alcohol Recovery 

The alcohol  recovery scheme is presented i n  Figures 5-9, 5-10, and 5-11. 

D i s t i l l a t i o n  of t h e  fermenter product i s  c a r r i e d  out i n  t h e  same manner 

with t h e  s a m e  equipment f o r  a l l  t h r e e  feedstock cases. Table 5-8 lists 

t h e  design bases f o r  t h e  t h r e e  d i s t i l l a t i o n  columns. 

Fermented beer from t h e  beer w e l l  is  preheated by exchange wi th  t h e  con- 

densing vapors of t h e  azeotropic  column overhead and t h e  beer  s t i l l  over- 

head streams, and a l s o  with t h e  beer s t i l l  bottoms. 

heat  recovered t o  provide a bubble-point condi t ion feed t o  t h e  beer  s t i l l .  

There is  s u f f i c i e n t  

The beer s t i l l  i s  a 8-foot I D  by 136-foot high column containing 66 sieve 

t rays .  

column which corresponds t o  about t h e  maximum temperature that can be 

achieved using t h e  a v a i l a b l e  250°F geothermal steam as t h e  hea t ing  

medium. 

It i s  operated a t  a pressure of 25 p s i a  a t  t h e  bottom of t h e  

Geothermal steam t o  two forced-circulat ion plate-type r e b o i l e r s  provides 

t h e  44 mi l l i on  Btu p e r  hour heat input  required.  Fusel o i l  concentrates  

i n  t h e  upper p a r t  of t h e  column and is removed as a side-draw, cooled, 

and water washed i n  a sepa ra t e  f u s e l  o i l  washer. 

recovered from t h e  f u s e l  o i l  is  returned t o  t h e  beer s t i l l  feed. 

f u s e l  o i l  is  pumped t o  s torage.  

t h e  fermentation are removed as an overhead stream and condensed. 

aldehydes are reblended with t h e  ethanol product. 

12 percent water mixture is taken from t r a y  1 and condensed. 

The alcohol  and w a t e r  F..ase 

Washed 

Aldehydes produced by s i d e  r eac t ions  i n  

The 

An 88 percent ethanol/  

Reflux is  
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Table 5-8 

PRINCIPAL DESIGN BASES -ALCOHOL RECOVERY 

Beer D i s t i l l a t i o n  

Ethanol recovery 

Reflux r a t i o  

Bottoms temperature/pressure 

Pressure  drop ( t o t a l )  

Tray e f f i c i ency  

Heat source 

kzeotropic  Diet i l l a t i o n  

Ethanol pu r i ty  

Bottoms tenperature/pressure 

Pressure  drop ( t o t a l )  

Tray e f f i c i ency  

H e a t  source 

Hydrocarbon S t r ipp ing  

Ethanol loss 

Reflux r a t i o  

Bottoms temperature/pressure 

Pressure drop ( t o t a l )  

Tray e f f i c i ency  

99.6% (minimum) 

240°F/25. 2 p s i a  

5 p s i a  

60% 

2500F geothermal steam 

4.2 

100% 

1780F/19.7 p s i a  

5 p s i  

75% 

205OF geothermal steam 

0.13% of feed (maximum) 

2.0 

215’F/15.7 p s i a  

1 p s i  

75% 

2250F geothermal steam v Heat source _ - _  - 
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re turned t o  t h e  top t r a y  and t h e  product por t ion  of t h e  overhead is  cooled 

t o  t h e  bubble-point condi t ion fo r  feed t o  t h e  azeotropic  column. The beer  

s t i l l  bottoms stream, mainly water and s o l i d s ,  is  cooled and sen t  t o  t h e  

whole s t i l l a g e  tank. 

s 

The azeot ropic  d i s t i l l a t i o n  column i s  9.5-foot I D  by 112-foot high and con- 

t a i n s  53 valve t rays .  Benzene is  used t o  form a te rnary  azeotrope with t h e  

ethanol-water mixture i n  t h e  column. Water i s  removed i n  t h e  overhead 

stream. 

separa tor .  

azeot ropic  column. 

The azeotropic  column bottoms i s  v i r t u a l l y  200 proof e thanol .  

which averages about 2,555 gal lons per  hour f o r  t h e  th ree  feedstock cases, 

is  cooled and pumped t o  product s torage.  

is supplied by condensing subatmospheric 205OF steam. 

The overhead i s  condensed, cooled, and co l l ec t ed  i n  a phase 

The benzene-rich l a y e r  i s  recycled t o  t h e  top t r a y  of t h e  

The water-rich l aye r  is fed t o  a hydrocarbon s t r i p p e r .  

This stream, 

Heat f o r  t h e  thermosiphon r e b o i l e r  

The hydrocarbon s t r i p p e r  is a 3.5-foot I D  by 6O-foot high column contain- 

i n g  27 valve t rays .  The water-rich feed i s  s t r ipped  of benzene i n  the  column 

y ie ld ing  an aqueous bottoms stream conta in ing  about 0.3 weight percent  

e thanol .  The hydrocarbon-rich overhead stream i s  condensed. Pa r t  is 

returned tis r e f l u x  and p a r t  is  recycled t o  t h e  azeotropic  column feed. 

Geothermal steam a t  225'F i s  used i n  t h e  s t r i p p e r  r ebo i l e r .  

The t o t a l  geothermal energy requirement f o r  Sect ion 400 averages a l i t t l e  

over 84-million-Btu-per-hour o r  33,000-Btu-per-gallon ethanol  product. 

coolers  are used on high temperature vapor streams t o  minimize cool ing 

water requirements. 

A i r  

5 . 6  BY-PRODUCT RECOVERY - SECTION 500 

The by-product recovery sec t ion  equipment is  common t o  a l l  t h r e e  feed- 

s tocks ,  but t h e  system is operated somewhat d i f f e r e n t l y  f o r  each case.  

Figures  5-12, 5-13, and 5-14 i l l u s t r a t e  t h e  processing schemes f o r  sugar 

bee t s ,  potatoes ,  and wheat, respect ively.  The system w a s  designed t o  
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handle t h e  beet  pulp and s t i l l a g e  from beet  processing as a worst case. 

Not a l l  t h e  equipment i s  needed f o r  po ta to  o r  wheat processing and 

d i f f e rences  i n  operat ion are noted i n  t h e  'descr ip t ion .  

Whole s t i l l a g e  from the  27,000-gallon s t i l l a g e  tank conta ins  inso luble  s o l i d s  

(yeast ,  p ro te in ,  and f i b e r )  and so lub le  s o l i d s  (organic and inorganic) ,  

much of which o r i g i n a t e s  from t h e  feedstock material. 

centr i fuged,  producing a t h i n  s t i l l a g e  stream (cen t r a t e )  and a cake stream 

containing about 35 percent weight s o l i d s .  Three ho r i zon ta l  solid-bowl 

cent r i fuges  are provided. Thin s t i l l a g e  from beet and fromwheat process- 

i n g  is  evaporated t o  heavy syrup f o r  blending wi th  t h e  s t i l l a g e  cen t r i fuge  

cake. 

economically worth recovery. 

The s t i l l a g e  i s  

The so lub le  s o l i d s  i n  t h i n  s t i l l a g e  from pota to  processing are not 

The by-product s o l i d s  drying system is  designed t o  produce a 10 percent 

moisture material t h a t  is  t o  be  so ld  as an animal feed supplement. The 

by-product composition as w e l l  as t h e  production rate w i l l  be d i f f e r e n t  

f o r  each feedstock. 

t o  t h e  cent r i fuged  cake and heavy syrup is added p r i o r  t o  drying. 

from pota to  processing is  der ived only from the  centr i fuged s t i l l a g e  s o l i d s  

while t h e  wheat processing by-product contains  cent r i fuged  s t i l l a g e  s o l i d s  

and syrup recovered from the  t h i n  s t i l l a g e .  

When bee t s  are processed, pressed bee t  pulp is  added 

By-product 

A s ix-ef fec t  evaporator system is used to concent ra te  t h e  t h i n  s t i l l a g e  

from b e e t s  and wheat t o  a medium syrup. 

evaporator u n i t s  are used. 

t h e  s i x t h  e f f e c t )  and 250°F geothermal steam suppl ied to t h e  f i r s t  e f f e c t .  

Vapor from t h e  f i r s t  e f f e c t  is  supplemented wi th  225OF geothermal steam 

t o  provide t h e  hea t  f o r  evaporation i n  t h e  second e f f e c t .  

a recyc le  pump t o  provide uniform d i s t r i b u t i o n  of t h e  l i quor  at t h e  top  

of t h e  tube bundle. The medium syrup concentrate  from t h e  f i r s t  e f f e c t  

is  sen t  t o  a f l a s h  evaporator f o r  f u r t h e r  concentrat ion.  

steam a t  225'F is  used t o  preheat t h e  f l a s h  evaporator feed. 

F a l l i n g  film-type long tube vertical 

The system is operated with backward feed ( t o  

Each e f f e c t  has  

Geothermal 

Flash vapor 
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is  routed t o  t h e  t h i r d  evaporator e f f e c t  and t h e  heavy syrup (50 percent 

so l id s )  is pumped t o  t h e  s o l i d s  drying system. 

is condensed i n  an air-cooled condenser. 

t h e  condensate system at t h e  desired condensing pressure.  The combined 

condensate is  pumped t o  Section 600. 

an ove ra l l  economy of about five. 

Vapor from t h e  f i r s t  e f f e c t  

A r o t a r y  vacuum pump maintains 

The syrup concentrat ion system has 

.. 
Eight ro t a ry  steam-tube dryers  i n  two p a r a l l e l  t r a i n s  are used t o  dry w e t  

s o l i d s  from beet  processing. 

is  a t t a ined  by recycl ing dr ied  s o l i d s  t o  blend wi th  w e t  feed cons is t ing  

of pressed pulp, s t i l l a g e  cake and syrup. Blending occurs i n  two p a r a l l e l  

t u rbu l i ze r s  and the  blended s o l i d s  are fed by screw conveyors i n t o  the  

8-foot I D  by 80-foot long dryer  drums. 
t h e  heat ing medium i n  the  dryer  tubes. 

from t h e  s o l i d s  feed end. 

conveyors and t r ans fe r r ed  t o  surge bins.  Pneumatic conveyors l i f t  t h e  

material t o  an elevated s torage  bin.  

is  recycled. 

a ro t a ry  drum cooler ,  and conveyed pneumatically t o  a 32,000-cubic-foot 

capaci ty  product s torage  bin.  

b in  by pneumatic conveyor t o  t h e  s i x  s torage  s i l o s  i n  Sect ion 600. 

production i s  about 21,000 pounds per  hour. 

A design dryer  feed moisture o f  50 percent 

Geothermal steam a t  225OF is  used as 
Evaporated w a t e r  (vapor) is vented 

Discharged material i s  co l lec ted  by screw 

About 70 percent  of t h e  dry material 

The balance is ground i n  a hammer m i l l ,  cooled t o  100°F i n  

The dry by-product is t r ans fe r r ed  from the 

N e t  

When potatoes  o r  wheat are being processed, only one of t h e  two dryer  

t r a i n s  (four dryers )  is  i n  operation. S ign i f i can t ly  less s o l i d s  recyc le  

is required and t h e  dryer  feed moisture is reduced t o  40 percent .  

by-product y i e l d s  i n  these  two cases are about 17,000 and 19,000 pounds 

per hour, respect ively.  

N e t  

5.7 OFFSITES - SECTION 600 

Section 600 contains  product and by-product s torage  f a c i l i t i e s ,  cool ing 

water supply i n j e c t i o n  f a c i l i t i e s  and wastewater handling f a c i l i t i e s .  

Figure 5-15 i l l u s t r a t e s  t hese  systems which are common t o  a l l  - three feed- 

s tocks.  The geothermal system w a s  described previously i n  Sect ion 4, 
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D r i e d  s o l i d s  from Sect ion 500 are pneumatically conveyed t o  s ix  s to rage  

s i l o s  each wi th  a capac i ty  of 65,000 cubic  feet .  

is provided a t  the maximum production rate (beet  case)  of 10.5 tons per  hour. 

Wheat and potato by-products have higher  bulk d e n s i t i e s ,  so more than 15  

days of production can be s tored.  

t r a c t o r - t r a i l e r s  which are loaded pneumatically a t  a loadout s t a t i o n .  

F i f t e e n  days of s torage  

The by-product is shipped o f f s i t e  i n  

Process and cool ing water are suppl ied t o  t h e  processing u n i t s  from a w e l l  

water system. 

water requirements. A t  design condi t ions ,  t h e  maximum cool ing water demand 

is about 6,000 gpm. Five of t he  t o t a l  six w e l l s  can provide t h i s  demand. 

"he 16-inch diameter, 300-foot deep w e l l s  a r e  r a t e d  a t  1,500 gpm each and 

are spaced on a 1/4-mile g r id .  

supply t o  t h e  suc t ion  of the  cooling water supply pumps (one 100 percent  

spare) .  Warm cooling w a t e r  from t h e  process exchangers is re turned t o  a 

small surge tank from which i t  is re turned t o  the  same groundwater aqu i f e r  

through th ree  i n j e c t i o n  wel l s .  

A i r  coolers  are used where p r a c t i c a l  t o  reduce the  cool ing 

1 

a 
3 

m A w e l l  water surge  tank provides an 80-minute 

3 
1 
3 
3 
a 

Hydrocarbon s torage  f a c i l i t i e s  are i s o l a t e d  i n  a tank farm. 

e thanol  dry  tanks provide in te rmedia te  s torage  f o r  e thanol  from Sect ion 400. 

S ix  product tanks provide an a d d i t i o n a l  3 1 / 2  m i l l i o n  ga l lons  of s to rage  

capac i ty  equivalent  t o  two months of production. 

from t h e  p l a n t  i n  tank t rucks .  

loading a t  the t ruck  loading s t a t i o n .  Two f u s e l  o i l  tanks a l s o  provide two 

months s to rage  of f u s e l  o i l  production. It can be blended with the  product 

a lcohol  o r  shipped o f f s i t e  by sepa ra t e  tank t rucks .  A 1,500-gallon benzene 

tank provides  the s to rage  f o r  a yea r ' s  benzene makeup requirements.  

Two 35,000-gallon 

Ethanol product is shipped 

Denaturant is metered i n  during tank t ruck  

Process wastewaters are segregated i n t o  two types: (1) c l ean  condensates 

m and, (2) contaminated wastes. Clean wastes are co l l ec t ed  i n  a surge tank 

and pumped back t o  processing sec t ions  f o r  reuse.  These wastes conta in  

J 
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only small amounts of e thanol  as a contaminant and used €or flume, wash 

water and d i f fus ion  water makeup i n  beet  processing and f o r  s t a r c h  s l u r r y  

makeup i n  wheat processing. 

a v a i l a b l e  as c lean  wastewater i n  t h e  pota to  processing case.  

would be used as p a r t  of t h e  pota to  wash water. 

Only t h e  hydrocarbon s t r i p p e r  bottoms is  

It normally 

Contaminated wastes include blowdown water from the silt ponds (bee ts  

and pota toes) ,  po ta to  mash c e n t r a t e ,  fermenter c leaning wastes, s t i l l a g e  

c e n t r a t e  (potatoes)  and general  wash down water. 

is  about 500 gpm (during pota to  processing) .  Waste treatment c o n s i s t s  

of equal iza t ion ,  dissolved a i r  f l o t a t i o n  (DAF) and ac t iva t ed  sludge 

treatment.  

Most of t h e  suspended matter i s  removed i n  a DAF un i t .  DAF e f f l u e n t  is 

b i o l o g i c a l l y  t r e a t e d  t o  remove so lub le  organics and t h e  b io log ica l  s o l i d s  

are removed i n  two p a r a l l e l - g r a v i t y  c l a r i f i e r s .  

pumped e i t h e r  t o  discharge o r  t o  reuse i n  €ront  end processing. 

streams are combined and vacuum f i l t e r e d  f o r  on-si te  d i sposa l  i n  a l a n d f i l l .  

A su l fona t ion  u n i t  is  provided t o  de toxi fy  t h e  s t e r i l i z a t i o n  chemical used 

i n  fermenter cleaning. 

The peak waste flow 

The mixed equal iza t ion  bas in  provides four  hours of detent ion.  

C l a r i f i e r  overflow is  

The s ludge 

5.8  GEOTHERMAL ENERGY REQUIREMENTS 

Geothermal energy requirements ( s t e a m )  for  the  production of ethanol f r o m  

bee t s ,  from potatoes ,  and from wheat are summarized below. Beet conversion 

r equ i r e s  about 50 percent more geothermal energy than e i t h e r  of t h e  o the r  

two feedstocks.  The beet byproduct recovery sec t ion  (Section 500-A) is a 

p a r t i c u l a r l y  l a r g e  energy consumer. The higher (gross)  hea t ing  va lue  of 

e thanol  is  about 84,750 Btu's per  gal lon.  

r ep resen t s  a f a i r l y  l a r g e  p a r t  of t h e  thermal energy va lue  of t h e  product 

The geothermal energy input  
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Section 100 

Section 200 

Section 300 

Section 400 

Table 5-9 

GEOTHERMAL ENERGY REQUIIlEMENTS 

Section 500 

Total  

Btu consume! per gal lon 
ethanol produced 

Beets Pot  at oes 
MM Btu/hr MM Btu/hr 

37.4 

- 17.4 

84.7 84.4 

85 .4  29.1 

207.5 130.9 

81,180 51,250 
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Wheat 
MM Btu/hr 

- 
10.5 

84.5 

43.2 

138.2 

54,030 



i 

Section 6 

ECONOMIC ANALYSIS GEOTHERMAL ALCOHOL SCHEME 

C a p i t a l  and operat ing cos t  es 

geothermal-alcohol f s c i l i t y .  

ana lys i s  t o  determine alcohol  

conditions.  

tes were prepared f o r  t h e  conceptual 

ese c o s t s  w e r e  used i n  an economic 

l i n g  p r i ces  under a range of economic 

6.1 CAPITAL COST ESTIMATE 

The c a p i t a l  cos t  estimate f o r  t h e  mult iple  feedstock ethanol  production 

f a c i l i t y  w a s  prepared from t h e  conceptual design information. I n  order  

t o  provide a comparison, t h e  t 

separate p lan t s ,  each with i t s  handling, fermentation, and processing 

f a c i l i t i e s  s ized  ind iv idua l ly  

feedstock cases were a l s o  costed as 

roduce 20 mi l l i on  ga l lons  per  year  of 

1 

anhydrous ethanol.  The cost  of t h e  geothermal production f a c i l i t y ,  includ- 

i n g  production w e l l s ,  r e i n j e c t i o n  wells and energy ex t r ac t ion  f a c i l i t i e s ,  

are estimated separately.  Tab 1 summarizes t h e  estimates: 

CONSTRUCTION CAP 
ill 

7 SMM L 

b Overall ethanol  p l an t  64.0 

Ethanol p l an t  using su 51.6 

Ethanol p l an t  us ing  PO 43.1 e Ethanol p l an t  using wh 40.4 

- 

Geothermal f a c i l i t y  21.0 
I ’  



6.1.1 E s t i m a t e  Basis 

The estimates are based on t h e  conceptual design and engineering informa- 

t i o n  prepared f o r  t h e  study i n  t h e  form of engineering flow diagrams, out- 

l i n e  spec i f i ca t ions ,  and equipment lists. Estimating methods cons is ten t  

with the  conceptual na ture  of t h e  design information were employed and 

r e l y  on informal vendor contact as w e l l  as ex t rapola t ion  from Bechtel  

h i s t o r i c a l  information. 

The cost  estimate is composed of f i e l d  cos t s ,  engineering serv ices  and 

contingency. 

cost  of permanent p l an t  equipment and the  i n d i r e c t  cost  of temporary con- 

s t r u c t i o n  materials, supervisfon, etc, ,  t h a t  are fo be d i s t r i b u t e d  across  

t h e  e n t i r e  f a c i l i t y .  

d i rec t -h i re  operat ion employing f i e l d  construct ion labor  forces ,  

The l a r g e s t  category, f i e l d  cos t s  , comprises t h e  d i r e c t  

The estimate a n t i c i p a t e s  an engineer-constructor 

6.1.1.1 Pr ic ing  Levels 

The estimates have been prepared at f i r s t  qua r t e r ,  1980, p r i c e  and wage 

l eve l s .  No allowance has been made f o r  f u t u r e  e sca l a t i an ,  

6.1.1.2 F ie ld  Construction Costs 

The d i r e c t  f i e l d  construct ion cos t s  of permanent p l an t  equipment, materials, 

subcontracts ,  and construct ion labor  have been included i n  the estimate on 

the  b a s i s  of t h e  following discussion. 

Equipment. 

t i o n s  were obtained verba l ly  o r  i n  wr i t i ng  f o r  approximately 70 percent of 

t h e  equipment items. Some of t h e  major k t e m s  are: 

Budgetary quotat ions based on conceptual designs and spec i f ica-  

0 Beet Washer 

0 Continuous Slope Diffuser  

0 Pulp Presses  

0 Trash Screen and Sump 
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0 Rock Catcher ,  

0 Beet S l i c e r  

Potato Mash Pump 

0 Rotary Steam-Tube Dryer 

0 Potato Mash Centrifuge 

0 Centr i fugal  Separator 

0 D i s t i l l a t i o n  Columns and Trays 

0 Cooling Water Wells 

0 Vacuum F i l t e r  

0 Gravity C l a r i f i e r  

0 Geothermal Wells and Pumps 

Bulk Material. The cos t  of bulk materials including piping, instrumenta- 

t i o n ,  electrical, c iv i l  and s t r u c t u r a l  were estimated as a percentage of 

t h e  mechanical equipment based on s i m i l a r  p l an t s ,  h i s t o r i c a l  information 

and recent  s tud ie s .  

Construction Labor. The construct ion labor  cos t s  f o r  t h e  i n s t a l l a t i o n  of 

t h e  p l an t  equipment are based on labor  contracts 'and f r i n g e  bene f i t s  f o r  

t h e  south-central  Idaho area. 

A composite rate of $17.00 per hour was used and is  based on a c r a f t  mix 
appropr ia te  t o  t h e  type of construct ion,  together  with a 2.5 percent  

allowance f o r  casual  overtime. 

p ro jec t  wi th in  t h e  construct ion schedule is assumed t o  be ava i l ab le  i n  

t h e  p ro jec t  v i c i n i t y .  

Su f f i c i en t  manual labor  ' to  complete t h e  

Ir? 

Subcontracts. 

by subcontractors  were est imated and pr iced i n  accordance with Bechtel 

Subcontracts f o r  equipment and materials commonly I n s t a l l e d  
t 
k; 
W 

Li 
experience. 
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Ind i r ec t  F ie ld  Costs. The i n d i r e c t  f i e l d  c o s t s  represent  those  a c t i v i t i e s  

t h a t  cannot be ascr ibed  t h e  d i r e c t  por t ions  of t h e  f a c i l t i y  and thus  are 

accounted f o r  separa te ly .  

similar na ture  r e s u l t i n g  i n  an assessment of 65 percent of d i r e c t  l abo r  

cos ts .  

They were estimated based on p l a n t s  of a 

The items covered by i n d i r e c t  f i e l d  cos t s  are: 

Temporary Construction F a c i l i t i e s .  Temporary bui ld ings ,  
working areas, roads,  parking areas, u t i l i t y  system, apd 
general  purpose scaffolding.  

Miscellaneous Construction Services .  General job clean- 
up, maintenance of construct ion equipment and t o o l s ,  
material handling and surveying. 

I 

Construction Equipment and Supplies. Construction equip- 
ment, small t o o l s ,  consumable shppl ies ,  and purchased 
u t i l i t i e s .  

F i e ld  Office.  F i e ld  l abor  of c r a f t  supervis ion,  engineer- 
ing,  procurement, scheduling, personnel adminis t ra t ion ,  
warehousing, f i r s t  a i d ,  and t h e  c o s t s  of opera t ing  t h e  
f i e l d  off  ice. 

Preliminary Check-Out and Acceptance Testing. 
materials and equipment t o  ensure t h a t  components and 
systems are operable.  

Tes t ing  of  

P ro jec t  Insurance. Publ ic  l i a b i l i t y ,  property damage, 
and 'bu i lde r ' s  r i s k  insurances.  

6.1.1.3 Engineering Services 

The engineering services include engineering cos t s ,  o t h e r  home o f f i c e  c o s t s  

and fee .  

s t u d i e s ,  spec i f i ca t ions ,  d e t a i l  engineering, vendor-drawing review, s i t e  

inves t iga t ion ,  and support t o  vendors. Other home o f f i c e  costs comprise 

procurement, es t imat ing and scheduling services, q u a l i t y  assurance,  

acceptance t e s t i n g ,  and construct ion and p ro jec t  management. Fee is 

Engineering includes preliminary engineering, op t imiza t ion  

included as a funct ion of t h e  t o t a l  p ro j ec t  cos t .  

I 

G* 
L 
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The sum of these  t h r e e  ca tegor ies  f a l l s  i n t o  h i s t o r i c a l l y  cons is ten t  

percentages i n  t h e  range of 1 

of t h e  pro jec t .  For t h i s  st 

t i o n  cos t s  has been used as 

does not depart  r ad ica l ly  f r  

o 20 percent ,  depending on t h e  complexity 

a f i g u r e  of 15 percent of f i e l d  construc- 

cal  f o r  a p lan t  t h a t ,  while new i n  concept, 

asic engineering pr inc ip les .  
. /  

6.1.1.4 Contingency 

Included i n  t h e  estimate i s  a contingency t h a t  ex is t s  within t h e  conceptual 

design i n  quant i ty ,  p r ic ing  o r  product iv i ty  and t h a t  is under t h e  con t ro l  

of t h e  constructor  and within t h e  defined scope of t h e  p ro jec t .  

t h e  allowance w i l l  be expended during t h e  design and construct ion of t h e  

p ro jec t  and cannot be considered as a source of funds f o r  overruns o r  addi- 

Impl i c i t l y ,  

t i o n s  t o  t h e  p ro jec t  scope. 

Experience shows, however, t h a t  i t  is  q u i t e  d i f f i c u l t  t o  assess t h e  degree 

t o  which f u t u r e  processes are understood i n  t h e  hardware sense. 

t h e  conceptual arrangement of t h e  p l an t  contains  major unce r t a in t i e s ,  o r  

t h e  design duty of p lan t  components proves t o  be more severe than a n t i c i -  

pated,  o r  i f  ems are u t l imate ly  found t o  be 

necessary, then t h e  scope of t h e  p ro jec t  is  deemed t o  have been inadequately 

defined and t h i s  then would not be covered by t h e  contingency allowance. 

A nominal f i g u r e  of 20 percent has been used f o r  t h i s  study. 

Thus, i f  

6.1.2 Qual i f ica t ions  

The following are t h e  major items f o r  which design da ta  was not ava i l ab le  

when t h e  estimate w a s  prepared-and required t h e  use of h i s t o r i c a l  da ta  

and previous s tud ies :  

0 

a Piping, i n s t r  t r i ca l  systems 

S i t e  s p e c i f i c  i t e m s  which a f f e c t  c i v i l / s t r u c t u r a l  cos t s  



6.1.3 Exclusions 

The following items are excluded from t h e  scope of t h e  s tudy and from t h e  

estimate : 

0 

0 

A l l  f a c i l i t i e s  beyond t h e  hypothet ical  s i te boundary 

Any s p e c i a l  construct ion such as widening and strengthen- 
ing  e x i s t i n g  roads 

Ecological and environmental considerat ions o the r  than 
those incorporated i n  t h e  present  conceptual design 

0 S t a t e  and l o c a l  taxes  

0 Future e sca l a t ion  

0 

. .  

0 

S i t e  inves t iga t ion  and land acqu i s i t i on  

0 ' Client  engineering and s i m i l a r  c l i e n t  c o s t s  

0 

0 

0 

0 

0 

6.1.4 

Allowance f o r  funds during construct ion 

Process r o y a l t i e s  and l i censes  

Training of p lan t  operators  

I n i t i a l  charges,  s tocks of operat ing suppl ies  and spares  

Plant  s t a r t u p  and operat ions 

Conceptual E s t i m a t e  

The previous discussion of estimate bases and q u a l i f i c a t i o n s  form t h e  b a s i s  

of t h e  cos t  summaries contained i n  Table 6-2, 

6.2 OPERATING COST ANALYSIS 

Operating and maintenance (06M) c o s t s  were estimated f o r  both t h e  geothermal 

ex t r ac t ion  system and the  alcohol  f a c i l i t y .  

l ivered)  se lec ted  by Bechtel and approved by DOE were: 

0 

I n i t i a l  feedstock c o s t s  (de- 

Sugar bee t s  @ $25 per  ton = $1.03 per  ga l lon  of a lcohol  produced 

0 Potatoes  @ $1.50 c w t  = $1.23 per  ga l lon  of a lcohol  produced 

0 Wheat @ $4.20 per  bushel = $1.41 per  ga l lon  of a lcohol  produced 
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Table 6-2 , 

(Base Case) L 

FACILITY ;Li $ l O O O s  

100 Sugar Beet Preparation 10,740 

200 Potato Preparation 6,520 

300 Wheat Preparation 1,500 
I 

400 Product Recovery 

500 By-product Processing’ 
4,410 

10,010 

600 O f f - s i t e  xcluding Geothermal F a c i l i t y  4,130 

Yard F a c i l i t y  and Uti l i t ies  3,700 

TOTAL DIRECT COST 41,010 

Ind i r ec t  Cost 5,500 

TOTAL FIELD COST 

b 

L 
1; 

Engineering Services 

Contingency 

64,000 TOTAL CONSTRUCTED COST 

!hid - 

Y 

IJ 

c 

GEOTHERMAL FACILITY 21,000 

( A l l  p r i c e  61 t Quar te r ,  1980.) 
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Based on a 4/5/3 month processing sequence, the average feedstock cost is 
equivalent to $1.21 per gallon of.alcoho1 produced. 

In February 1980 DOE recommended the following less optimistic feedstock 
costs : 

s 6 $3l/ton = $1.28/gallon 

0 

0 

Potatoes @ $3/cwt = $2.45/gallon 

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 produced on the same 4/5/3 processing sequence basis. 

t 

Clearly, one would not choose to convert potatoes at $3 per cwt into alcohol 
if there were lower cost feedstocks available. 

Direct operating and maintenance costs for the four-month beet/five-month 
potato/three-month wheat operation are summarized in Table 6-3. 

Table 6-3 

ESTIMATED ANNUAL DIRECT 0 & M  COSTS 

, 

$lOOOs c/gal alcohol 

2886 13.7 

Item - 
Chemicals 
Electric power (25 mills, &h) 1102 5.2 
Manpower (including administrative) 5264 25.0 
Operating supplies & maintenance 
materials 17 00 8.1 

Local taxes and insurance 17 00 8.1 
Lease payments 60. 

12,712 
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Direct  operat ing c o s t s  f o r  t h e  geothermal f a c i l i t y  are q u i t e  low and cons i s t  

mainly of electric power c o s t s  ($350,000), scale depressant c o s t s  ($105,000) 

and operat ing and maintenance labor  and materials cos ts .  

The t o t a l  p l an t  s t a f f  was estimated a t  160 ful l - t ime personnel cons i s t ing  

of :  

0 87 operators  and s h i f t  foremen 

0 31 maintenance personnel 

0 25 day laborers ,  guards, and c l e rks  

0 17 technica l ,  medical, and adminis t ra t ive  personnel 

A t  f i r s t  qua r t e r  1980 wage and p r i ce  l e v e l s I  manpower c o s t s  represent  

2 5 ~  per ga l lon  of e thanol  produced. 

cost  element. 

cos ts .  

a lcohol  w e r e  excluded. Two percent of t h e  t o t a l  constructed cos t  w a s  

allowed f o r  operat ing suppl ies  and maintenance materials and a l s o  f o r  l o c a l  

taxes  and insurance. 

and f e d e r a l  lease payments. 

It w a s  assumed t h a t  about 400 acres of p r i v a t e  land and about 640 acres 
of f e d e r a l  l a n d  w o u l d  be leased. 

t o  p r i v a t e  landowners. 

Chemicals are t h e  next highest  d i r e c t  

Enzyme c o s t s  are over 80 percent of t h e  t o t a l  chemical 

Both the  denaturant cos t  and i ts  volumetric addi t ion  t o  product 

A small annual cos t  is a l s o  incurred f o r  p r i v a t e  

Lease arrangements are discussed i n  Section 8. 

T h e  bulk of the lease payments w o u l d  go 

6.3 ECONOMIC EVALUATION 

Capi ta l  c o s t  elements were combined with annual O&M cos t  elements under a 

number of assumed economic condi t ions t o  analyze t h e  economics of t h e  

geothermal-alcohol operation. Economic parameters were:  

0 Escalat ion 

0 Return on equi ty  

0 Debt t o  equi ty  
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I n t e r e s t  rate on debt I 

Feedstock c o s t s  

By-product value 

Tax c r e d i t s  

Al te rna te  energy c o s t s  

Two and one feedstock p l an t  operat ions 

A discounted cash' flow (DCF) program w a s  used t o  c a l c u l a t e  a lcohol  s e l l i n g  

p r i ces  f o r  d i f f e r e n t  values of t h e  above economic parameters. 

a l l  cases w e r e :  

Common t o  

0 Plant  operat ing l i f e  20 years  

0 Plant  construct ion period 1980 - 1981 

0 Depreciation schedule 9.5 years ,  double dec l in ing  
balance f o r  new equipment; 
40 years ,  s t r a i g h t  l i n e  f o r  
new bui ldings 

0 Debt repayment period 20 years  

To t h e  $85 mi l l ion  t o t a l  constructed cos t  of t h e  geothermal-alcohol 

f a c i l i t y  w e r e  added: 

Land c o s t s  $100 , 000 (60 ac re s  @-$1650/acre) 

Other owner c o s t s  $1,280,000 (2 percent of $64 mi l l ion)  

S tar tup  c o s t s  $2,560,000 (4 percent of $64 mi l l ion)  

t o  arrive a t  a t o t a l  c a p i t a l  investment of $88.94 mil l ion  (excluding only 

allowance f o r  funds during construct ion and working c a p i t a l ) .  

cos t  i s  assumed t o  be t h e  only non-depreciable investment o the r  than 

working c a p i t a l -  which i s  expensed. 

The land 
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Base case economic condi t ions se lec ted  f o r  t h e  parametric s e n s i t i v i t y  

study are: 

o percent  esca la t ion  

15 percent  r e tu rn  on equi ty  

60 percent debt/40 percent  equi ty  

12 percent  i n t e r e s t  on debt 

$31 per  ton bee t  cos t  

$3 per  c w t  po ta to  c o s t  

$4 per  bushel wheat c o s t  

$100 per  ton by-product value 

20 percent  investment tax  c r e d i t  

46 percent  f e d e r a l  income tax 

6.5 percent s ta te  income tax  

S t r a igh t  e sca l a t ion  w a s  considered f i r s t  and then a d i f f e r e n t i a l  e sca l a t ion  

scheme was  used throughout t h e  rest of t h e  s e n s i t i v i t y  runs. 

t i o n  keeps a l l  c o s t s  and revenues a t  f i r s t  qua r t e r ,  1980 d o l l a r  values ,  

As noted i n  Section 6.2, d i r e c t  cos t s  f o r  feedstocks and t h e  o the r  O&M 
i t e m s  t o t a l l e d  $2.39 per  gal lon of alcohol.  

of $2.76 per  gal lon includes a by-product c r e d i t  of about $0.35 per  gallon. 

I 

Zero escala- 

The ca lcu la ted  s e l l i n g  p r i c e  

The margin of $0.72 per  ga l lon  i s  required t o  cover debt ,  i n t e r e s t ,  and 

income t a x  payments p lus  the  15 percent r e t u r n  on equi ty  over the l i f e  of 

t h e  p ro jec t .  On t he  b a s i s  of t h e  i n i t i a l  feedstock c o s t s  l i s t e d  i n  

Sect ion 6.2, t he  ca lcu la ted  s e l l i n g  p r i c e  is  about $2.28 per  gal lon.  

Table 6-4 summarizes t h e  r e s u l t s  of t h e  parametric s tud ies .  Alcohol s e l l i n g  

p r i c e s  f o r  1980 (base d o l l a r ) ,  1982 ( f i r s t  year  of opera t ion) ,  1992 (eleventh 

yea r  of operat ion) ,  and 2001 ( twent ie th  year of operation) i nd ica t e  t h e  impact 

of geometric esca la t ion .  

t i o n  i n  which feedstock c o s t s  and by-product c r e d i t s  are esca la ted  a t  4 per- 

cen t  per  year and a l l  o ther  c o s t s  and revenues are esca la ted  a t  8 percent  

Most of t h e  cases  include a d i f f e r e n t i a l  escala-  

per  year .  
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Esca la t ion  

Return on equi ty  

Debt t o  equ i ty  

Interest on debt  

Feedstock costs  

Table 6-4 

ALCOHOL PRICE SENSITIVITY TO ECONOMIC PARAMETERS 

Value 
Alcohol S e l l i n g  P r i c e ,  $/gal.  Tax Cred i t s  

Economic Basis lQ, 1980 - - -  1982 1992 . 2001 $1,000 

0 Base Case 1 2.76 2.76 2.76 2.76 - 
8%/year - 2.68 3.12 6.74 13.48 - 
12%/year - 2.31 3.33 10.35 28.69 - 

m14% 
d i f f e r e n t i a l  

15 % 

20% 

25% 

01100 
60140 

80120 

10% 
12 % 

14 % 

90% 

100% 

110% 

Base Case 2 - 2.14 2.50 5.39 10.77 

Base Case 2 2.14 2.50 5.39 

2.32 2.70 5.84 

2.49 2.40 6.26 

2.31 2.69 5.80 

Base Case 2 2.i4 2.50 5.39 

2.06 2.40 6.19 

- 2.11 2.46 5.32 

Base Case 2 2.14 2.50 5.39 

2.17 2.53 5;47 

2.01 2.34 5.05 
Base Case 2 2.14 2.50 5.39 

2.27 2.65 5.72 

A 

- 

- 

- 

- 

- 

- 

10.77 

11.67 

12.52 

11.59 
10.77 

10.57 

10.63 

$0.77 

10.93 

10.10 

10.77 

11.43 

- 
7 , 247 

9,341 
- 
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Table 6-4 (Continued) 

Alcohol Se l l i ng  P r i ce ,  $/gal .  Tax Cred i t s  
lQ, 1980 1982 1992 2001 $1,000 Parameter Value Economic Basis  

By-product value $loo/ ton  Base Case 2 2.50 5.39 10.77 

10.64 

10.51 

2.14 

2.12 $110/t on 2.47- 5.32 

2.09 5.26 

2.36 5.10 

2.09 

Wheat & Potato 
f a c i l i t y  , 
$60.8 mi l l ion  
c a p i t a l  

Wheat only 
f a c i l i t y  , 
$56.2 mi l l i on  
c a p i t a l  

10.20 2.02 7/5 mo. operat ion Base Case 2 
I 

$3.50/bushel - 
$4.00/bushel Base Case 2 

1.50 

1.63 

1.75 

m 
I 
c.. 
w 

7.57 

8.19 

1.75 3.79 

1.90 4.10 

2.04 4.40 $4.50/bushel - 8.80 



Without esca la t ion  considered i n  the  economics, a lcohol  would have t o  sel l  

f o r  $2.76 per ga l lon  (cur ren t  day) f o r  the  p ro jec t  t o  realize a reasonable 

r e tu rn  on investment. 

condi t ions,  p r inc ipa l ly  because the  base feedstock p r i c e  f o r  potatoes  is 

una t t r ac t ive .  As esca la t ion  (geometric) is  allowed t o  be included, t h e  cur- 

rent day s e l l i n g  p r i c e  drops because t h e  15 percent r e tu rn  on equi ty  includes 

One cannot imagine a venture  based on these  economic 

income i n  i n f l a t e d  d o l l a r s  over 20 years.  

w a s  then se lec ted  which bas i ca l ly  assumed t h a t  a l l  c o s t s  and revenues w i l l  

escalate a t  8 percent  per  year,  except t he  feedstock c o s t s  and t h e  animal 

feed by-product which w i l l  escalate a t  only 4 percent  per  year.  

f e r e n t i a l  e sca l a t ion  r e s u l t s  i n  a cur ren t  p r i c e  of $2.14 per  ga l lon  of 

a lcohol  - sti l l  una t t rac t ive .  

A d i f f e r e n t i a l  e sca l a t ion  rate 

This d i f -  

The var ious economic parameters considered i n  t h e  s e n s i t i v i t y  study are 

important t o  p o t e n t i a l  inves tors  i n  evaluat ing bene f i t s  versus  r i s k s  and 

t h e  combination of parameters t h a t  would make an investment a t t r a c t i v e .  

Return on equi ty  o r  r e t u r n  on investment i s  a measure of t h e  p r o f i t a b i l i t y  

of a pro jec t .  Increasing t h e  des i red  r e tu rn ,  of course,  increases  t h e  

s e l l i n g  p r i c e  of alcohol.  I f  t h e  r e s u l t i n g  s e l l i n g  p r i c e  is  above t h e  

market value (as  is t h e  case indica ted  i n  Table 6-4), f o r  a p a r t i c u l a r  

desired o r  minimum acceptable  r e tu rn ,  t h e  p ro jec t  is  unsound. Various 

f inancing p lans  may be considered. 

t i v e  f o r  a l a r g e  company. 

p o s s i b i l i t y  f o r  a l o c a l  venture  group. A geothermal loan guarantee may 

be ava i l ab le  t o  help obta in  debt f inancing a t  a r e l a t i v e l y  low i n t e r e s t  

rate. 

of t h e  p ro jec t .  

major impact on t h e  s e l l i n g  p r i c e  of a lcohol ,  however. 

A high equi ty  pos i t i on  may be a t t r a c -  

A high debt pos i t i on  may be t h e  only r e a l i s t i c  

The debt por t ion  cannot exceed 75 percent  of t h e  aggregate cos t  

The i n t e r e s t  rate on long-term debt does not  have a 

1 "  
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The (20 percent) investment t a x  c r e d i t s  are l a rge ly  unused because t h e  

p ro jec t  has no taxable  income during t h e  f i r s t  s eve ra l  years  of operat ion 

when deprec ia t ion  wri te-offs  are high. Under new t a x  l a w s ,  t h e  10 percent 
i -  

-- L 
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rgy t a x  c r e d i t  ded from t h e  sev ear l imi t a t ion .  The dis-  

counted cash flow program used does not include t h e  new energy t a x  c r e d i t  

provis ion and, hence, about 

t h e  cases. Inclusion of it would reduce t h e  1980 s e l l i n g  p r i c e  by ' 

about 3 ~ / g a l l o n .  

l l i o n  are not  properly c red i t ed  i n  a l l  of 

A s  indicated i n  the  oper t i on ,  feedstock cos t  i s  a s i g n i f i c a n t  

omic condi t ions,  a 

the  alcohol  s e l l i n g  

p r i c e .  The impa sts of individual  feedstocks 

are looked a t  i n  one- o r  two-feedstock operat ion cases. I f  t he  sugar bee t  

t he  p l an t  w e r e  el iminated 

operated seven months on wheat and f 

d the  two-feedstock 

t h s  on potatoes ,  

e would only dro t o  $2.02 per  gal lon.  I f  a 
constructed and operated with wheat cos t ing  

s e l l i n g  p r i c e  would be only $1.63 per  gal lon.  

Even with wheat a t  $4.50 per bushel, the  alcohol  p r i c e  of $1.75 is still 

a t t r a c t i v e  . 
a n a l y s i s  i nd ica t e s  t h a t  t he  average feedstock c o s t s  would have 

t o  be s i g n i f i c a n t l y  lower t 

f a c i l i t y  to be economically f eas ib l e .  I n  p a r t i c u l a r ,  one could no t  a f fo rd  

t o  pay more than about $1.50-per c w t  f o r  potatoes.  

assumed here  f o r  a three-feedstock alcohol  

An alcohol  f a c i l i t y  

q u i t e  a t t r a c t i v e  f o r  two wheat year-round 

stment f o r  both the  alcohol  f a c i l i t y  and the  

geothermal f a c i l i t y  would be lower ($56 versus  $85 mi l l ion)  and, (2) wheat 

eap feedstock i n  cos t  per  gal lon of e thanol  

g wheat f o r  e igh t  months and sugar bee t s  f o r  four  months 

would a1 duce alcohol  some cheaper than t h e  three-feedstock f a c i l i t y .  

For a smaller-scale f a c i l i t y ,  t he  c a p i t a l  investment and the  operat ing c o s t s  

per  u n i t  of a lcohol  production would be higher. 

condi t ions,  a wheat-only f a c i l i t y  would probably y i e ld  the  lowest c o s t  

Under the  same f i n a n c i a l  



alcohol.  Using a 0.6 scale f a c t o r ,  the  c a p i t a l  c o s t  f o r  a 10-million-gallon- 

per-year wheat-only f a c i l i t y  ( cluding geothermal) would bout $36 m i l -  

l i o n .  Under the  base 'case  f i n a n c i a l  condi t ions,  i t  is  e 
. curren t  day alcohol  s e l l i n g  p r i c e  would be about $1.80 p 

$1.63 per  ga l lon  f o r  a 20-million-gallon-per-year wheat- 

For a five-million-gallon-per-year capaci ty  p l an t ,  t he  alcohol  s e l l i n g  

p r i c e  would be  t t l e  over $2.00 per  gal lon.  
1 .  . 

Both the  fede 

of gasohol th ugh tax incent ive grams. The f e d e r a l  government allows 

a 4C per  ga l lon  exc ise  t ax  exemp f o r  gasohol which is  equivalent  t o  a 

40C per 'ga l lon  subsidy f o r  t he  alcohol  por t ion  of the  9 O : l O  blend. 

1 government and t h e  S t a t e  of Idaho are encouraging se 

A crude 

t c r e d i t  of ab 5~ per gal lon of a lcohol  is a1 
allowed. The S t a t e  of Idaho so allows a 4~ per  

' t i o n  f o r  gasohol and a'small income t ax  c r e d i t  f o r  a lcohol-producers  i n  t h e  

state. 

and drops by 0.2 percent in each of next four  years .  

va len t  t o  about 85 cen t s  per  ga l lon  of a lcohol)  a l low wholesalers and 

The income tax  c r e d i t  is 0.8 percent  i n  the  f i r s t  year  of production 

These c r e d i t s  (equi- 

retailers t o  buy expensive alcohol ,  blend it  with unleaded regular  gasol ine,  

and se l l  a premium f u e l  a t  a p r i c e  not  much above unleaded regular .  While 

-$1.80 per  gal lon of a lcohol  would be a good s e l l i n g  p r i ce ,  a lcohol  even a t  

$2.00 per  ga l lon  may st i l l  be attractive t o  wholesalers and retailers under 

the  cur ren t  tax  incent ive  programs. 

The cos t  of geothermal energy w a s  a l s o  estimated under the  Base case 

economic condi t ions as about $3 per  mi l l ion  Btu's of hea t  input  t o  the- 

process. 

alcohol.  

about 1 8 ~  t o  the  I980 alcohol  s e l l i n g  pr ice .  

r e l a t i v e  bargain compared with the  purchased c o s t  of steam generated from 

gas  o r  o i l  fue l s .  

Figure 6-1 shows the  e f f e c t  of steam c o s t s  on the  p r i c e  of 

The geothermaI energy system (capital and operat ing cos t s )  adds 

On a c o s t  bas i s ,  t h i s  is  a 

Fuel c o s t s  a lone would exceed $3 per  mi l l i on  Btu's. 
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Figure 6-1. Alcohol price/steam cost sensitivity. 
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Section 7 

PRELTMTNARY IMPLEMENTATION PLAN FOR 
DENONSTTCATION FACILITY 

A geothermal-alcohol f a c i l i t y  of t h e  type conceptualized here  could be 

opera t iona l  by e a r l y  t o  mid-1982. 

t o  b r ing  t h i s  concept t o  f r u i t i o n .  

p o t e n t i a l  p a r t i c i p a n t s  and development of an i n f r a s t r u c t u r e  capable of 

handling geothermal, a g r i c u l t u r a l ,  governmental, f i nanc ia l ,  marketing 

and t r anspor t a t ion  aspec ts  of t h e  pro jec t .  

However, many s t e p s  need t o  be taken 

Among them are i d e n t i f i c a t i o n  of 

I n t e r e s t  i n  p a r t i c i p a t i n g  i n  t h i s  type of pro jec t  has been widespread i n  

Idaho. Benefi ts  w i l l  a l s o  be derived from t h e  p ro jec t ,  e.g., d i r e c t  

employment during construct ion and operat ion,  some s t a b i l i z a t i o n  of crop 

production and perhaps a g r i c u l t u r a l  p r i ces ,  and t h e  extension of ava i l ab le  

motor f u e l  suppl ies  i n  t h e  region. 

7 .1  DEFINE PROGRAM GOALS 

t a t ion  program should have as i t s  primary goal t h e  es tab l i sh-  

ho l  demonstratio p ro jec t  of a commercial s c a l e  

t h e  p ro jec t  must be economically 

o p o t e n t i a l  inves tors .  -The 

a1 communities, a g r i c u l t u r a l  

assoc ia t ions ,  and l o c a l  and state government. 

< -  
7-1 lists major implementation p lan  activities which need t o  be 

d out t o  achieve t h e  goal of successfu l  demonstration id 
c -  

L A t  t h i s  po in t ,  a s p e c i f i c  t imetable  €or accomplishing each a c t i v i t y  cannot 

Li- be given, but approximate a c t i v i t y  durat ions are l i s t e d .  Many a c t i v i t i e s  

.cd 
Y 
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Table 7-1 

IMPLEMENTATION PLAN ELENENTS 

Ac t iv i ty  Organizhtions Involved 

Information t r a n s f e r  Study con t r ac to r ,  DOE - publ ic  

Formation of p r o j e c t  venture  group Refiners ,  ,wholesalers,  farmers, 
ranchers ,  g r a i n  6 feed dea le r s ,  
KGRA landowners 

Assessment of fees tock  a v a i l a b i l i t y  Venture group - growers a s soc ia t ions ,  
and p o t e n t i a l  supply con t r ac t s  farmers,  commodities and agr icu l -  

t u r a l  s p e c i a l i s t s ,  cu r ren t  purchasers 

Marketing arrangements f o r  f uel-grade Venture group - r e f i n e r s ,  products  
a lcohol  wholesalers  and retailers 

Duration 

2 months 

2 - 6 months 

3 - 6 months 

3 - 6 moriths 

h, 3 - 6 months 
4 
1 

6 -  12 months 

4 - 6 months 

6 - 9 months 

2 - 4 months 

12 - 16 months 

Marketing o f  by-product as animal 
feed supplement 

Venture group -animal  feed supp l i e r s ,  
f eed lo t  ope ra to r s ,  ca t t le  ranchers  

Development of feedstock rece iv ing  
s t a t i o n  network and con t r ac t  haul ing s to rage  f a c i l i t y  opera tors ,  t rucking  

Development of exploratory geothermal 
da t a  exper t s ,  d r i l l i n g  companies, and 

Venture group - growers a s soc ia t ions ,  

requirements firms 
Venture group - geothermal resource 

KGRA landowners . 

Procurement of land, leases, and 
water r i g h t s  

Venture group - BLM ( f ede ra l  l e a s e  
b i d s ) ,  p r i v a t e  landowners, real  
estate agents ,  State of Idaho 

Demonstration of t echn ica l  a spec t s  Venture group - D O E ,  EG&G Idaho (RRGP), 

Development of permi t t ing  require-  Venture group - BLM, USGS, EPA, DOE, 
ments, app l i ca t ion  prepara t ion  and S t a t e  of Idaho, l o c a l  government 
approval agencies  

p i l o t  equipment supp l i e r s  
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Table 7-1 (Continued) 

Duration Act iv i ty  

1 2 -  16 Ttlonths Development of environmental base l ine  
da t a  and ER preparat ion 

6-12 months I d e n t i f i c a t i o n  of f i n a n c i a l  l enders  
and approval of loan  app l i ca t ions  

4 - 6 months Prepara t ion  o f  d e f i n i t i v e  scope and 
c o s t  estimate 

2 - 4 months Engineering /procur en t  /cons t r u c t i o n  
(EPC) bid requests ,  evaluat ions,  award 

Applicat ion for  and approval of geo- 
thermal loan guarantee (if des i red)  

Publ ic  hearings on environmental 
aspec ts  

completion 

' 6 -  12 months 

3 months 

1 2 -  1 6  months Execute EPC ac t iv i t ies  t o  cons t ruc t ion  

Organizations Involved 

Venture group - DOE, USGS, envlron- 
mental s e rv i ces  f i rms ,  l o c a l  agencies 

Venture groyp - pr inc ipa l s , '  p r i v a t e  
and publ ic  lending i n s t i t u t i o n s  

Venture group - T i t l e  11 engineering 
f i rm  

Venture group 
on b idder ' s  1 

Venture group - D O E  

Venture group - l ead  agency and publ ic  

Venture group - T i t l e  I11 engineering 
f i rm,  subcontractors  



w i l l  need t o  start e a r l y  and run concurrently i n  order  t o  avoid p o t e n t i a l  

cos t ly  delays. 

t h e  timing and ef f icacy  of car ry ing  out t hese  activities. 

of equi ty  c a p f t a l  and human resources (project  management, t echnica l ,  

environmental, and f i n a n c i a l  s p e c i a l i s t s )  wi th in  t h e  venture  group w i l l  

enable e f f e c t i v e  planning and execution o f  t h e  pro jec t .  

The composition of t h e  venture  group w i l l  a l s o  a f f e c t  

The a v a i l a b i l i t y  

P o t e n t i a l  p a r t i c i p a n t s  i n  such a pro jec t  include: 

O i l  companies (petroleum r e f i n e r s  and products d i s t r i b u t o r s )  

Gasoline wholesalers and retailers 

Farmers and catt le ranchers 

Grain and animal feed dea le r s  and f eed lo t  operators  

Landowners i n  t h e  Raft River KGRA 

Other i n t e re s t ed  businessmen (real estate, commodity 
brokers,  and o thers )  

Current processors of a g r i c u l t u r a l  products 

Po ten t i a l  users  of low temperature geothermal energy 

Spec i f ic  ind iv idua ls  expressing i n t e r e s t  i n  gasohol are not  i d e n t i f i e d  i n  

t h i s  report .  

Frank Church’s f i e l d  representa t ive  i n  Boise. 

A list of i n t e re s t ed  p a r t i e s  is ava i l ab le  through Senator 

One of t h e  f i r s t  t a sks  f o r  t h e  venture  group w f l l  be  to  def ine  t h e  scope 

of t h e  demonstration pro jec t .  As indicated i n  Sect ion 6, constructed 

c a p i t a l  c o s t s  f o r  a 20-million-gallon-per-year geothermal-alcohol f a c i l i t y  

would range from about $56 mi l l ion  t o  $85 mil l ion ,  depending on t h e  feed- 

s tocks processed. 

b e e t s  are economical feedstocks while f i e l d  run potatoes  are general ly  

not .  

feedstocks may be the  b e s t  choice f o r  a demonstration p ro jec t  because of 

t he  i n s t i t u t i o n a l  cons t r a in t s  i d e n t i f i e d  la ter  i n  t h i s  sect ion.  This  

The economic ana lys i s  ind ica ted  t h a t  wheat and sugar 

A smaller capaci ty  p l an t  designed f o r  processing one (wheat) o r  two 

L 
L 
‘L 
I 
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! 

I- ira 

7-4 



, 
discussion is  or ien ted  toward a larger-scale  p ro jec t ,  bu t  the  same a c t i v i t i e s  

would be  required f o r  a small s c a l e  pro jec t .  Feed ock a v a i l a b i l i t y  and 

marketing a c t i v i t i e s  l i s t e d  a b l e  7-1 are necessa f o r  t h i s  p ro jec t  

scope d e f i n i t i o n .  t i o n  could be 

developed j o i n t l y  

low temperature ge 

s t age  because the  alcohol  f a c i l i t y ,  when opera t iona l ,  w i l l  have l a r g e  quan- 

t i t ies  of OF geothermal f l u i d  ava i lab le .  ry  Crook's greenhouse 

operat ion i n  the  KGRA is a commercial demonstration of low temperature 

geothermal u t i l i z a t i o n .  

rgy u t i l i z a t i o n  could be considered a t  t h i s  

Geothermal resource v e r i f i c a t i o n  w i l l  r equ i r e  geophysical i nves t iga t ions  

including geochemical surveys, heat  flow measurements, and co re  d r i l l i n g  

on p r i v a t e  lands. Access f o r  these  inves t iga t ions  w i l l  have t o  be nego- 

t i a t e d  with landowners. A t  t h e  same t h e ,  negot ia t ion  on lease/purchase 

arrangements can begin. Nomination of u n i t s  t o  BLM f o r  competit ive l e a s e  - - 
bidding o r  noncompetitive lease app l i ca t ions  should be f i l e d .  Exploratory - 

work on BLM l e a s  

of t he  alcohol  f a c i l i t y  w i l l  r i v e  groundwater use. Ground- 

water r i g h t s  (and quired before  these  a c t i v i t i e s  

can commence. 

11 d r i l l i n g  and construct ion 

envi r o nmen t a  1 

prepara t ion  and permit appl ica t ions  preparat ion a r e  long-term a c t i v i t i e s  
. which l i k e l y  w i l l  r equ i r e  t h e  se rv ices  of environmental 

with t h e  venture  group. 

leases Will a l s o  have t 

i a l i s t s  working 

Environmental r e s t r i c t i o n s  i n  t 

be m e t  dur ing development o f  t h  

When a d r a f t  environmental impact assessment o r  environmental 

impact statement has been jlssued by t h e  lead agenc 

group) w i l l  be involved i n  publ ic  hear ings,  

p l i c a n t  (venture 

Two other  major a c t i v i t i e s  involve f inancing t h e  pro jec t  and cons t ruc t ing  

t h e  p ro jec t .  Before debt f inancing ar rangemnts  can be concluded, a 

/ 
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d e f i n i t i v e  pro jec t  scope and cos t  estimate must be prepared. 

engineering and c o s t  es t imat ion w i l l  usua l ly  be s u f f i c i e n t  t o  ob ta in  

T i t l e  T I  

f inancing f o r  t h e  balance of t h e  debt  capi ta l  required.  Economic analyses  

should be reviewed a t  var ious s tages  t o  ensure that t h e  p ro jec t  s t i l l  

rema& economically a t t r a c t i v e .  I f  a geothermal loan guarantee is t o  be 

sought, a de t a i l ed  p ro jec t  scope and milestone schedule,  a d e t a i l e d  budget 

breakdown, and projected cash flows over the l i f e  of t h e  p ro jec t  must be 

submitted as p a r t  of t h e  supporting information supplementing t h e  guarantee 

appl ica t ion .  

F ina l  engineering, procurement, and construct ion ( T i t l e  X I X )  activit ies 

w i l l  t ake  on t h e  order  of 12 t o  16 months from p ro jec t  award. 

t h e  c a p i t a l  expenditure w i l l  occur dur ing  t h t s  phase. 

completion, pre-s tar tup t e s t i n g ,  s t a r t u p  and successfu l  performance t e s t i n g ,  

t h e  venture group accepts  t h e  p ro jec t  and begins commercial operat ion.  

The bulk of 

Af te r  cons t ruc t ion  

Successful implementation of a geothermal-alcohol p ro jec t  w i l l  r e q u i r e  

many successfu l  s t e p s  along t h e  way. 

major a c t i v i t i e s  and t h e  type of organizat ions which need t o  be involved 

i n  these  a c t i v i t i e s .  

combination of geothermal resource development and u t i l i z a t i o n  wi th  

ethanol  production from renewable.resources i n  a non-industr ia l  environ- 

ment. 

examined i n  Sect ion 8 .  

This  b r i e f  d i scuss ion  only h igh l igh t s  

The p ro jec t  w i l l  be complex because of t h e  unique 

S i te - re la ted  requirements inc luding  environmental consequences are 

7.2 INFORMATION TRANSFER 

Information t r a n s f e r  is a means of s t imula t ing  interest  i n  a p r i v a t e  

geothermal resource development whether by f o s t e r i n g  implementation of 

a geothermal-alcohol p ro jec t  o r  by helping t o  develop concepts f o r  o the r  

app l i ca t ions  of geothermal energy. 
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An information t r a n s f e r  program recommended during the  course of t h i s  

study included : 

0 An open p ro jec t  review presenta t ion  i n  Idaho F a l l s  
(completed i n  February 1980) 

0 Presenta t ion  of papers a t  the  AIChE 79th National Meeting 
i n  Port land,  Oregon and a t  the  IECEC conference i n  S e a t t l e ,  
Washington (completed August 18 and 19, 1980) 

0 Publ ic  forum presenta t ion  of the  study r e s u l t s  i n  one o r  
more Idaho communities (subsequently cancel led by DOE) 

A t  DOE'S reques t ,  a presenta t ion  of the  study r e s u l t s  w a s  made a t  t h e  

Geothermal Resources Council meeting i n  Boise on June 18th. 

7.3 TECHNICAL DEMONSTRATION 

The ob jec t ive  of using conventional technology throughout t h e  design of 

t h e  geothermal f a c i l i t y  and t h e  alcohol  production f a c i l i t y  w a s  t o  mini- 

mize t h e  need f o r  t echn ica l  demonstration. Two t echn ica l  a r eas  do need 

t o  be confirmed through demonstration t e s t ing :  (1) long-term s c a l i n g  and 

fou l ing  con t ro l  i n  t h e  geothermal f l a s h  system and, (2) fou l ing  and foam- 

ing  con t ro l  i n  sugar beet j u i c e  concentrat ion.  Both could be t e s t e d  

simultaneously i n  t h e  Raft River Geothermal P ro jec t  f a c i l i t i e s  under DOE 

sponsorship (with funding provided by t h e  venture  group), Skid-mounted 
f l a s h  vesse l  u n i t s  and mult iple-effect  evaporator  u n i t s  could be rented 

r a t h e r  than fabr ica ted .  

t o  demonstrate t h e  t echn ica l  f e a s i b i l i t y  of both operat ions.  

Three months or  less of t e s t i n g  would be  adequate 

- 
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Sect ion 8 

SITE INSTITUTION REQUIREMENT FOR 
DEMONSTRATION PROJECT 

The Raft River geothermal resource area is 

por t ion  of t h e  state. 
impose stresses on t h e  Raft River area as w e l l  as provide b e n e f i t s  f o r  t h e  

area. 

induce expansion of t h e  l o c a l  population and a demand f o r  community 

services, as w e l l  as increase  l o c a l  t r a f f i c  by movement of people and 

materials i n  out of t h e  area. I n s t i t u t i o n a l  requirements are discussed 

i n  t h e  f o l l  

geothermal-alcohol f a c i l i t y .  

t h i s  s i z e  demonstration p ro jec t  are iden t i f i ed .  

Commercialization of geothermal resources w i l l  

A geothermal-alcohol p ro jec t  such as conceptualized here ,  would 

subsect ions on t h e  bas i s  of a 20-million-gallon-per-year 
Major cons t r a in t s  i n  t h e  implementation of 

8.1 FEED STOCK AVAILABILITY 

The s tudy has  focused on t h r e e  a g r i c u l t u r a l  p r  ducts grown i n  s i g n i f i c a n t  

amounts i n  t h e  south-central  region of Idaho. 

each is s u f f i c i e n t  t o  support a 20-million-gallon-per-year ethanol  produc- 

t i o n  f a c i l i t y .  However, t h e  t o  cannot be considered 

ava i l ab le  as feedstock f o r  t h e  

crop bas i s ,  t h e  conceptual f a c i  

could conceivably support without severely d i s t o r t i n g  e 

re la t ionships .  

I n  f a c t ,  on a three-  

i s  about t h e  l a r g e s t  t h a t  t h e  area 

Figure 8-1 is a general  cropland map showing t h e  geographic r e l a t ionsh ips  

of the geothermal area wi th  t h e  p o t e n t i a l  feed production areas, The 

p o t e n t i a l  cropland area indicated i n  Figure 8- o t  a l l  under cu l t i va -  

t i on .  I n  1975, according t o  t h e  U.S. Departm 

2 mjl l ion  acres i n  Cassia, Jerome, Twin F a l l s  

were i n  farms, (lo) The cropland acreage i n  t 

ka and power count ies  

1.3 mi l l i on  acres, of whgch more than 500,OOQ acres were planted i n  

wheat, potatoes ,  and sugar beets .  (2, 10) 
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Most of t h e  cropland li n e i t h e r  s i d e  of t Snake River, which is 

north of t h e  KGRA. Collect ion and t ranspor ta t ion  f a c i l i t i e s  i n  t h i s  b e l t  

are presumably i n  place,  having been developed and maintained by e x i s t i n g  

producer-consumer re la t ionships ,  

t h e  area fo r  both potatoes  (about 25 percent of production) and wheat 

(about 400,000 t o  450,000 tons) .  

cropland acreage. 

i r r i g a t i o n  water is  r e l a t i v e l y  abundant. 

a c r i t i c a l  problem, espec ia l ly  i n  t h e  Raft  River Valley, i t  is unlikely 

that s i g n i f i c a n t  expansion of acreage f o r  these  crops can be achieved. 

There is s i g n i f i c a n t  s torage  capaci ty  i n  

Wheat can be grown on near ly  a l l  of t h e  

Potatoes and sugar bee ts  are l imi ted  t o  areas where 

Since groundwater resources  are 

Currently,  Amalgamated Sugar Company con t r ac t s  f o r  t h e  bulk of t h e  sugar 

b e e t s  grown i n  t h e  region. 

i n g  s t a t i o n s  f o r  transshipment t o  t h e  Paul (Mini-Cassia), Idaho beet  sugar 

factory.  

on sugar bee t s  would r equ i r e  cont rac t ing  wi th  growers f o r  near ly  300,000 

tons of bee ts ,  o r  roughly 15,000 planted acres .  Direct competition with 

Amalgamated f o r  some por t ion  of t h i s  acreage i s  very l i k e l y .  

s t a t i o n  network (roadside) and a t r anspor t a t ion  system a l s o  need t o  be 

developed. 

t ruck  f l e e t .  

t o  t h e  p lan t  ought t o  be considered as a means of minimizing t h e  haul ing 

processed i n  t h e  winter  months j u s t  

t h e  maximum s torage  l i f e  without 

Beets are de l ivered  by farmers t o  t h e i r  receiv- 

Operation of the  geothermal-alcohol f a c i l i t y  f o r  up t o  four  months 

A receiving 

Contract hauling might be preferab le  t o  an owner operated 

Off-s i te  s torage  of most of t h e  bee t s  with da i ly  haul ing 

a f t e r  harves 

< 

tat0 production c o s t s  of up t o  53 per  c w t ,  t h e  a lcohol  f a c i l i t y  cannot 

mically opera te  on f i e l d  run potatoes .  Based on f i v e  months of opera- 

l a n t  WGuld consume about 27 percent  of t h e  t o t a l  po ta to  crop 

e region. 

ears, such as i n  1979, when production,exceeds t h e  demand. The 

It i s  unl ike ly  t h a t  t h i s  percentage could be procured 

procurement approach each year should be t o  buy c u l l s  and perhaps pota to  
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wastes supplemented by only enough f i e l d  run potatoes  t o  provide a reason- 

ab le  length process run. Size,  taste, tex ture ,  and appearance of potatoes  

are unimportant i n  the fermentation process so t h e r e  is some procurement 

advantage over pota to  processors.  
I 

Wheat cu r ren t ly  is t h e  most attractive feedstock material from both a c o s t  

and an a v a i l a b i l i t y  standpoint.  

and can be  s tored  €or r e l a t i v e l y  long periods.  

compatible with whole kerne l  processing and f i e l d  run wheat can be processed 

without w e t  cleaning. 

bushels and o f f e r s  t h e  opportunity f o r  year-round procurement. 

t i o n  c o s t s  f o r  hauling wheat t o  t h e  p l an t  w i l l  be  considerably lower on a 

cen t s  per  gal lon ethanol  b a s i s  than  f o r  potatoes  o r  sugar beets.  

It is easy t o  grow, is not water in tens ive ,  

Soft  white winter  wheat is 

Storage capaci ty  i n  t h e  region exceeds 14 mi l l i on  

Transporta- 

A wheat-only ethanol  production f a c i l i t y  is t h e  most economically a t t r a c t i v e  

case f o r  a demonstration pro jec t .  

feedstock alcohol  f a c i l i t i e s ,  is t h a t  wheat p r i ces  could rise enough i n  

t h e  f u t u r e  t o  make t h e  operat ion unprofi table .  

could t h e o r e t i c a l l y  be processed, however. 

The r i s k ,  which is inherent  i n  a l l  s ingle-  

Other high s t a r c h  g ra ins  

Primary t ranspor ta t ion  access t o  a proposed geothermal-alcohol f a c i l i t y  

loca ted  i n  t h e  KGRA is l imi ted  t o  Highway 81 running approximately north- 

south through t h e  Raft River Valley. 

north-northwest d i r ec t ion  through t h e  northeast  c o m e r  of Cassia County 

about 15 m i l e s  away from t h e  e x i s t i n g  geothermal p ro jec t .  Another hard 

surfaced secondary road runs w e s t  from Malta between t h e  Co t t e re l  and t h e  

J i m  Sage mountains. 

a l l  feedstock and product materials would have t o  be t ransported on High- 

way 81. 

have t o  be del ivered to a 20 MM gpy capaci ty  p lan t .  

d i s tance  from roadside s t a t i o n s  would be i n  t h e  range of 50 t o  60 miles. 

I n t e r s t a t e  Highway 80N runs i n  a 

There is no r a i l  service i n  t h e  Raft River. Nearly 

A minimum of 120 t ruckloads per  day of bee t s  or  potatoes  would 
The mean haul ing 

! ‘  

t 

83 

L 
i 
L 

t ’  
ir 

I 
k 
I, 
L 
f 
L 

I ’  L 

8-4 



r -  u 
c 

c r L  

Assuming a two-hour round t r i p ,  some 25 t o  30 t rucks would be i n  t r a n s i t  

on t h e  access  road i n  any hour during a 10  t o  1 2  hour d a i l y  hauling 

period. 

t h ree  t rucks  per  hour t o  t h e  vehic le  t r a f f i c .  

Shipping of a lcohol  and dry by-product would a l s o  add two t o  

The car ry ing  capaci ty  of 

t h i s  highway would not be exceeded, however, t r a f f i c  congestion is  l i k e l y .  

For most of t h e  year ,  t h e  veh ic l e  a c t i v i t y  on t h i s  highway w i l l  be similar 

t o  t h a t  on haul  roads near receiving s t a t i o n s  a t  harvest  t i m e .  The t rans-  

formation of t h e  r a t h e r  in f requent ly  t r ave l l ed  road i n t o  a major haul  road 

w i l l  be an unavoidable consequence of a demonstration p ro jec t  of t h i s  s i z e .  

The t r anspor t a t ion  l o g i s t i c s  problem poin ts  again toward a demonstration 

p ro jec t  of a smaller size with wheat being t h e  predominant feedstock 

material . 

I] 
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8.2 ENVIRONMENTAL EFFECTS 

A geothermal-alcohol f a c i l i t y  constructed an& operatec 

r u r a l  area w i l l  have both p o s i t i v e  and negat ive e f f e c t s  on t h e  environment, 

A f u l l  assessment is beyond t h e  scope of t h i s  study and cannot be made 

without adequate base l ine  da ta .  S igni f icant  l i k e l y  impacts are discussed 

a f t e r  a b r i e f  summary of t h e  e x i s t i n g  environment obtained pr imari ly  from 

References 11 and 12 .  

i n  a pr imari ly  

8.2.1 Environmental S e t t i n g  

The Raft River KGRA is located i n  t h e  southwestern por t ion  of t h e  Raft 

River Valley which is about 38 m i l e s  long by 12 t o  15 m i l e s  wide. The 

north-south t rending  va l l ey  is  bounded on t h e  east, w e s t ,  and south by 

fault-block mountain ranges. 

River which flows northward i n t o  t h e  Snake River. 

stream i n  t h e  va l ley .  

e leva t ion  while t h e  surrounding h i l l  ranges a t t a i n  e leva t ions  above 9,000 f e e t .  

The va l l ey  f l o o r  i s  r e l a t i v e l y  f l a t  and s lopes  gent ly  toward t h e  north.  

The va l l ey  is drained by t h e  perennia l  Raft  

It is t h e  only perennia l  

The f l o o r  of t h e  va l ley  averages about 4,600 f e e t  i n  

(11,121 
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The va l ley  i s  c l a s s i f i e d  as a cold dese r t  steppe with evaporation exceeding 

prec ip i ta t ion .  

temperature of about 46OF (8OC) and extremes of -27'F (-33OC) and 104OF 

(4OOC). 

t h e  summer and about 50 percent of t h e  t i m e  during t h e  winter.  

dust  storms occur on occasion, as do moderate thunderstorms. (''1 

t ion 'averages  about 10  inches per  year.  

C l i m a t e  i n  t h e  va l l ey  is semi-arid wi th  an  annual average 

Temperature inversions occur about 40 percent of t h e  t i m e  during 

Severe 

P r ec i p  i t  a- 

The KGRA is  located within t h e  cold deser t  formation. 

spec ies  are shrubs such as greasewood, sagebrush, and sa l tbrush .  Small 

The dominant p l an t  

por t ions  of t h e  area are used f o r  a g r i c u l t u r a l  purposes, pr imari ly  f o r  t h e  

production of small gra ins  and a l f a l f a  hay along wi th  some grass  pasture- 

land. ('') 

R i v e r  Valley. 

Cropland is more predominant i n  t h e  northern po r t ion  of t h e  Raft 

Predominant mammals are herbiverous rodents.  

present .  Six s e n s i t i v e  animal spec ies  are known t o  inhabi t  t h e  KGRA. 

these ,  t h e  ferruginous hawk is  t h e  most important because of i ts  extreme 

s e n s i t i v i t y  t o  human disturbance. Active nes t ing  areas are protected by 

t h e  BLH. No threatened o r  endangered spec ie  is known t o  inhabi t  t h e  

Some l a r g e r  mammals are a l s o  

Of 

KGRA. 

The Raft River Valley is  very sparse ly  populated. Malta is t h e  l a r g e s t  

community near t h e  KGRA. Its population is about 200. Albion, located 

somewhat fu r the r  away t o  t h e  northwest, has a s l i g h t l y  l a r g e r  population, (11) 

Community serv ices  i n  t h e  area are q u i t e  l imi ted  as would be expected i n  

a predominantly r u r a l  area with l i t t l e  commercial and manufacturing 

a c t i v i t y  t o  attract people. 

The Raft River area is considered t o  be archaeological ly  s i g n i f i c a n t .  

survey i n  t h e  KGRA located seven sites and 13  f inds ,  Six of t h e  si tes were 

wi th ln  a 2.5 krn s t r e t c h  of t h e  Raft River and subsurface resources 'probably 

e x i s t  In t h e  immediate locale .  

A 

(11) 
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The Raft River Basin was closed i n  1963 t o  fu r the r  appropriat ion of 

groundwater because o f  decl in ing  water levels i n  t h e  lower end of t h e  

val ley.  About two-thirds of t h e  t o t a l  y i e ld  of t h e  bas in  moves as ground- 

water i n  shallow a l l u v i a l  and sedimentary formations. Groundwater q u a l i t y  

varies w3th depth and locat ion.  I r r i g a t i o n  w e l l s  i n  t he  v i c i n i t y  of t h e  

geothermal area show t h e  inf luence of upward leakage from t h e  geothermal 

resource by higher temperature, f l uo r ides ,  and dissolved s o l i d s  than w e l l s  

away from t h e  area. (11, 12) , 

The KGRA is  t h e  most s tudied geothermal area i n  Idaho and thermal waters 

are thought t o  o r ig ina t e  i n  deep f a u l t  systems and c i r c u l a t e  upward through 

extensive f r a c t u r e  systems, A t o t a l  of seven deep production and in jec-  

t i o n  w e l l s  have been d r i l l e d .  

produced. (11’ 12) 

Water up t o  300°F has  been successfu l ly  

The moderate-temperature resource is believed t o  be 

ex tens ive  enough t o  support major commercial development f o r  d i r e c t  u t i l i z a -  

t i o n  of t hese  resources.  

8.2.2 Anticipated Environmental E f fec t s  

Major activit ies w i l l  occur during both t h e  cans t ruc t ion  and operat ion 

phases of t h e  pro jec t .  

construct ion.  

Some camp-type f a c i l i t i e s  would probably be located near t h e  construct ion 

site. 

i n  t h e  north.  Some unski l led  or  semi-skil led l o c a l  r e s iden t s  could be 

r ec ru i t ed  and t r a ined  f o r  construct ion and/or operat ion jobs  t o  help t h e  

l o c a l  economy and t o  reduce t h e  i n f l u x  of temporary workers, which a l s o  

i n i t i a l l y  lessens  t h e  s t r a i n  on l o c a l  community services. 

An i n f l u x  of s k i l l e d  labor  w i l l  be required f o r  

The peak labor  fo rce  would be on t h e  order of 200 t o  250. 

Other workers might d r i v e  o r  be bussed i n  from more populated areas 

Expansion of t h e  l o c a l  population w i l l  begin during cons t ruc t ion  with t h e  

i n f l u x  of some temporary workers. 

may begin during t h e  constructfon period. Publ ic  services such as educa- 

t i o n  and h e a l t h  care  w l l l  need t o  be expanded t o  meet t h e  demands imposed 

Expansion of re ta i l  t r a d e  establishments 
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by t h e  addi t iona l  population. 

t h e  l o c a l  communities i n  providing services through t ax  advances. 

The p ro jec t  may need t o  f inanc ia l ly  assist 

Major construct ion activities w i l l  include c l ea r ing  and grading t h e  p l an t  

site, construct ing a road t o  Highway 81, shipping of construct ion materials 

t o  t h e  p l an t  s i te,  i n s t a l l i n g  foundations and supers t ruc ture  and bui ldings,  

e r ec t ing  t h e  equipment, i n s t a l l i n g  piping, e l e c t r i c a l s a n d  instrumentation 

equipment, and pre-startup t e s t ing .  Temporary f a c i l i t i e s  f o r  power, water 

and sewage w i l l  be  i n s t a l l e d ,  used; and removed. 

Geothermal f a c i l i t y  development w i l l  involve exploratory d r i l l i n g  on 

seve ra l  s i tes ,  production and i n j e c t i o n  w e l l  d r i l l i n g ,  i n s t a l l a t i o n  of 

t he  f l u i d  gather ing and f l u i d  d isposa l  piping networks, and pre-production 

t e s t i n g .  

These construct ion-related activit ies w i l l  consume resources (land, 

materials, manpower, water, power and f u e l )  and alter t h e  immediate environ- 

ment on and near  t he  construct ion sites. 

include disturbance of w i l d l i f e  by construct ion noise  and removal o f  h a b i t a t ,  

modification of drainage pa t t e rns ,  increase  i n  f u g i t i v e  dust emissions, 

Temporary adverse impacts w i l l  

l o c a l  t r a f f i c  congestion, and increase  i n  vehic le  po l lu t an t  emissions. 

Long-term impacts from construct ion w i l l  be pr imari ly  t h e  loss of p l an t  

spec ies  on c leared  areas and t h e  permanent displacement of t h e  animal l i f e  

inhabi t ing  these  areas. Presumed archaeological ly  s i g n i f i c a n t  areas would 

be i d e n t i f i e d  and avoided i n  t h e  s i t i n g  s t age  of t h e  pro jec t .  

Environmental bene f i t s  from construct ion w i l l  pr imari ly  be economic i n  

nature .  

River Valley. 

Direct employment oppor tuni t ies  w i l l  be provided i n  t h e  Raft 

Some construct ion materials and services w i l l  be procured 

loca l ly .  

l o c a l l y ,  adding money t o  t h e  economy of t h e  area. 

Some of t h e  income derived from t h e  pro jec t  w i l l  be  spent 

Taxes w i l l  accrue t o  

l o c a l  and state government which can help t o  f inance needed community 

serv ices .  
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The t r a n s i t i o n  from construct  

adverse economic e f f e c t s  as n - local  construct ion workers leave t h e  area 

and construct ion p ro jec t  expenditures drop o f f .  A t  t h i s  t i m e ,  employment 

oppor tuni t ies  f o r  operat ing p 

n t o  operat ion w i l l  involve short-term 

onnel w i l l  be developing. 

Operation of t h e  geothermal-a 

some more long-term impacts he environment. Operational activities 

w i l l  appear more rout ine  and s t a b l e  compared with cons t ruc t ion  activit ies.  

Some 160 ful l - t ime personnel w i l l  be  employed a t  a 20-million-gallon-per- 

year f a c i l i t y .  

t h e  f a c i l i t y  w i l l  be t h e  major v i s i b l e  a c t i v i t y .  

ho l  f a c i l i t y  w i l l  have some d i f f e ren t  and 

Transportation of r aw materials i n t o  and products out  of 

c‘ 

The p lan t  i t s e l f  w i l l  have a v i s u a l  impact. 

previously,  is an i L l u s t r a t i o n  of t h e  p l an t  as it would appear i n  t h e  

valley-mountain eontext near t h e  KGRA. 

sharp ly  with t h e  r u r a l  surroundings and may not  be a e s t h e t i c a l l y  p leas ing  

t o  some l o c a l  r e s iden t s  or t h e  t h e  casual observer. 

Figure 6-2, presented 

Its appearance w i l l  con t r a s t  

Onsite p l an t  a c t i v i t i e s  w i l l  normally have l i t t l e  e f f e c t  on t h e  surrounding 

environment. Pol lu tan t  emission levels are expected t o  be low. There w i l l  

be no s t a t iona ry  combustion sources.  

pr imari ly  of f u g i t i v e  dus t ,  carbon dioxide,  water vapor, small q u a n t i t i e s  

Process a i r  emissions w i l l  cons is t  

‘ of hydrocarbons (aldehyde, e thanol  and f u s e l  oil), and combustion products 

from mobile equipment, 

(except f o r  t r e a t e d  san i t a ry  sewage). 

l a rge ly  non-consumptive. 

wheat and potatoes  and some w i l l  be vented from t h e  f l a s h  system f o r  

con t ro l  purposes, 

have been developed f o  

w i l l  be u s e d 3 n  a non- onsumptive system. 

required f o r  potable  uses. Normally, t h e  p l an t  w 1 be a net producer’of 

water (by v i r t u e  of t h e  water p r e s e n t ’ i n  t h e  feed 

excess water w i l l  accumulate i n  t h e  s i l t  ponds i n  t h e  form o f  w e t  sludge. 

Some w i l l  evaporate. 

Normally, t h e r e  w i l l  be  no aqueous process e f f l u e n t s  

Geothermal resource use w i l l  be  

Some geothermal steam w i l l  be  consumed i n  c 

In j ec t ion  w i l l  be below the  shallow aqu i fe r s  which 

potable  and f o r  i r r i g a t i o n  uses Cooling water 

Fresh water w i l l - o n l y  be 

a t e r i a l s ) .  Nost of t h e  

8-9 



Signi f icant  amounts of s o l i d  w a s t e s  w i l l  r e s u l t  from processing t h e  feed 

materials, 

with t h e  beets ,  potatoes  and wheat. 

be confined and disposed of on-si te  (by bu r i a l )  as t h e  materials are 
r e l a t i v e l y  i n e r t .  

The bulk w i l l  be composed of rocks, t r a s h  and silt shipped i n  

It is  intended t h a t  these  materials 

Some dis turbance of nearby w i l d l i f e  w i l l  occur because of t h e  noise  and 

a c t i v i t y  associated with on-si te  operations.  

The p r inc ipa l  adverse impacts w i l l  r e s u l t  from t h e  increased t r a f f i c  

dens i ty  i n  t h e  v i c i n i t y  of t h e  p lan t  and along Highway 81 throughout t h e  

Raft River Valley. I n  a more indus t r i a l i zed  environmental s e t t i n g ,  t h e  

increase  i n  highway t r a f f i c  would go r e l a t i v e l y  unnoticed. 

s e t t i n g ,  t h e  increase w i l l  appear dramatic a t  f i r s t ,  and then with t i m e  

t h e  t r a f f i c  dens i ty  w i l l  l i k e l y  be perceived as a rout ine,  though unpleasant,  

state of a f f a i r s .  

i n g  annoyance t o  res idents ,  w i l l  include increased no i se  levels along t h e  

I n  t h i s  r u r a l  

Ef fec ts ,  i n  addi t ion  t o  loca l ized  congestion and r e su l t -  

roadway, increased combustion product emissions, a p o t e n t i a l  f o r  increased 

f u g i t i v e  dust emissions, and a higher p o t e n t i a l  incidence of t r a f f i c  

accidents  . 

The socioeconomic bene f i t s  of a geothermal-alcohol p ro jec t  would be substan- 

t ia l .  

incent ive  toward s t a b i l i z i n g  production of t hese  p a r t i c u l a r  crops i n  t h e  

region. 

farm p r i c e s  by (1) reducing t h e  farmers' r i s k  of l o s s  i f  a crop is over- 

produced - t h e  p lan t  could absorb some of t h e  overproduction by opera t ing  

A 1 0  t o  20-year steady demand f o r  a g r i c u l t u r a l  crops w i l l  be  a good 

This steady demand would be a f a c t o r  i n  helping t o  s t a b i l i z e  

longer on t h a t  p a r t i c u l a r  crop, and (2) switching away from a crop i n  

sho r t  supply so t h a t  i ts  p r i c e  is not dr iven excessively high. 

t i on  has  good and bad aspec ts  f o r  both producers and consumers. 

of t h e  p ro jec t  would be t o  procure a g r i c u l t u r a l  crops a t  f a i r  p r i c e s  con- 

s i s t e n t  with t h e  economic objective of producing ethanol  at  competitive 

p r i ces .  

S tab i l iza-  

The a i m  
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By-product dry s o l i d s  would be marketed as an animal feed supplement. 

A f a i r  size (more than 20,000 head) cattle feedlo t  operat ion could be 

developed i n  conjunction with a 20 MM gpy geothermal-alcohol f a c i l i t y .  

The by-product s o l i d s ,  though r i c h  i n  p ro te in ,  f a t ,  and f i b e r ,  are not 

complete feed materials. 

may be economically a t t r a c t i v e ,  e spec ia l ly  i f  w e t  by-product feeding can 

be pract iced.  Environmental problems assoc ia ted  wi th  f eed lo t  operat ions 

would have t o  be overcome. 

of manure are two areas of concern. 

A combined feedlot-alcohol production p ro jec t  

Consumptive use of groundwater and d isposa l  

Theore t ica l ly ,  t h e  manure could be 

t: 

,- 

k! 
c 

r- 

L 
i 

converted t o  low o r  medium Btu f u e l  gas, wi th  t h e  residue refed t o  t h e  

cattle. Groundwater r i g h t s  would have t o  be acquired unless  an e x i s t i n g  

landowner with developed water were t o  be involved i n  t h e  feedlo t  opera- 

t ion .  

Other d i r e c t  economic bene f i t s  of t h e  operat ing p ro jec t  include permanent 

employmeht of t h e  p l an t  s t a f f ,  income derived by t h e  s t a f f  (about $5 mi l l i on  

annual ly) ,  expenditure of pa r t  o f  t h a t  income i n  the l o c a l  economy f o r  

goods and services, taxes  der iving t o  state and l o c a l  governments, and 

income t o  suppl ie rs  of equipment, materials, power, and motor f u e l  

purchasdd f o r  p l an t  operation. 

uld include development of re ta i l  and wholesale se rv i ces  

a t o  serve t h e  increased population, increased housing construc- 

i a l l y ,  a t  l e a s t ) ,  and improvement of community serv ices  (although 

a t  a cos t  t o  l o c a l  and state agencies).  

The a lcohol  production . i  

Twenty mi l l i on  gal lons per  year  of a lcohol  would equivalent ly  d isp lace  

t h e  gasol ine consumption of ab0 s .  This savings i n  

I f  w i l l  have a s ign i f i can t -  bene f i c i a l  impact. 

* petroleum-derived motor o r t an t  i n  t h a t  a 

renewable resource would be displacing xpensive, non-renewable resource - 

hopefully without a s i g n i f i c a n t  economi 
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Overall ,  a geothermal-alcohol p ro jec t  would be b e n e f i c i a l  t o  t h e  Raft 

Rlver area i f  t h e  pro jec t  w e r e  implemented i n  a way t h a t  would .mitigate 

t h e  increased t r a f f i c  and increased population impacts on t h e  l o c a l  

communities. 

of reducing t h e  adverse impacts. 

Implementation of a smaller-size p ro jec t  would be one way 

Economic b e n e f i t s  would a l s o  be reduced. 

8.3 RESOURCE LEASEHOLD ARRANGEMENT 

P r iva t e  land acqu i s i t i on  is t h e  simplest  approach f o r  a demonstration 

p ro jec t  and w a s  t h e  approach i n i t i a l l y  envisioned f o r  t h i s  conceptual 

study. 

i n i t i a l l y  considered as a s i te  f o r  t h e  conceptual p l an t  and t h e  geothermal 

w e l l s .  Based on subsequent discussions wi th  EGbG-Idaho and DOE personnel 

on t h e  loca t ion  and ex ten t  of geothermal resources i n  t h e  KGRA, a revised 

layout  concept w a s  adopted t h a t  would encompass both p r i v a t e  and BLM 

lands. 

Frank Glover's quar te r  s ec t ion  (R. 26E T.158 Section 25) w a s  

The revised ~ concept provides more confidence t h a t  enough produc- 

ing  w e l l s  w i l l  be ava i l ab le  t o  provide t h e  required geothermal f l u i d  flow 

over t h e  l i f e  of t h e  p ro jec t .  With a w e l l  layout such as indica ted  i n  

Figure 4-1 previously,  t h e  venture group would have t o  acqui re  leases 

(with geothermal r i g h t s )  on some p r i v a t e  lands and some BLM lands.  

has a l s o  appl ied f o r  withdrawal of 1,980 hec tares  (about 4,900 acres) of 

t he  f ede ra l ly  owned por t ion  of t h e  KGRA f o r  research and development. 

Some of t h e  BLM lands and some of t h e  p r i v a t e  lands are already leased 

t o  var ious p a r t i e s .  

f e d e r a l  holdings i n  t h e  area of i n t e r e s t  i n  t h e  KGRA. 

is one mile square (640 acres). 

DOE 

Figure 8-2 i l l u s t r a t e s  t h e  extent  of p r i v a t e  and 

Each number sec t ion  

For unleased p r iva t e  lands of interest, t h ree  bas i c  arrangements are 
l i k e l y  : 

1 )  Direct  purchase of t h e  land (with geothermal r i g h t s  i f  
needed) at  market value 

2) Leasing t h e  land with mineral r i g h t s  f o r  a year ly  consid- 
e r a t i o n  with o r  without add i t iona l  monetary incent ives  t o  
t h e  Owner based on successful  geothermal f l u i d  production 
and f i n a n c i a l  success of t h e  pro jec t  
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3)  Pa r t i c ipa t ion  of t h e  land owner i n  t h e  p ro jec t  through 
f i n a n c i a l  remuneration i n  exchange f o r  a l l  r i g h t s  t o  t h e  
land (and i ts  minerals) f o r  t h e  l i f e  of t h e  p ro jec t .  A 
land owner may o r  may not be in t e re s t ed  i n  providing 
equi ty  c a p i t a l .  

P r iva t e  land leased t o  o thers  presents  a more d i f f i c u l t  problem. 

may o r  may not be acquirable  through t r a n s f e r  o r  assignment, and t h e  l e s s o r  

may not be in t e re s t ed  i n  re l inquish ing  t h e  lease f o r  considerat ion.  

a current  lease could be acquired, negot ia t ion  with t h e  owner f o r  a s u i t -  

a b l e  purchase/lease arrangement would then have t o  be  successfu l*  

A lease 

If 

I n  t h i s  study, purchasel lease arrangements were discussed onIy with Messrs. 

Gary Crook and Frank Glover. 

ou t r igh t  sale of a l l  or some p a r t s  of t h e i r  p roper t ies .  A 1977 ERDA 

repor t  (13) indicated t h a t  p r i v a t e  land owners would l i k e l y  ask year ly  

lease payments i n  excess of t h e  f a i r  market value of r a w  acreage i n  t h e  

area. 

Both would consider lease arrangements o r  

Purchase p r i c e  would a l s o  be above market value. 

Lease of BLM lands may be obtained through a competit ive bidding procedure. 

Leasing is  authorized by t h e  Geothermal Steam Act of 1970, with t h e  BLM 

administering t h e  regula t ions  f o r  t h i s  l a w  and t h e  USGS administering 

another set of regula t ions  f o r  explorat ion,  development, and production 

operat ions under f e d e r a l  lease. Generally, t h e  BLM would o f f e r  u n i t s  f o r  

geothermal l ea s ing  through sealed b ids  t o  t h e  highest  bidder of t h e  highest  

cash bonus. 

by in t e re s t ed  p a r t i e s .  

t h e  general  requirements of t h e  lease and any s p e c i a l  s t i p u l a t i o n s  which 

may be issued. 

Nomination of u n i t s  f o r  f ede ra l  lease may be made t o  t h e  BLM 

A successful  bidder on a u n i t  must comply with 

A venture group in t e re s t ed  i n  a smaller-scale geothermal-alcohol pro jec t  

would have g rea t e r  f l e x i b i l i t y  i n  loca t ing  t h e  pro jec t  and acquir ing,  

through purchase or  lease, r i g h t s  t o  a s u f f i c i e n t  geothermal resource 
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supply. Consideration i n  t h e  i n i t i a l  s t age  shauld be given t o  t h e  addi- 

t i o n a l  resources  t h a t  may be n,eeded over t h e  l i f e  of t h e  p ro jec t  f o r  

replacement w e l l s  and f o r  f a c i l i t y  expansion plans.  

8.4 PROCEDURAL CONSIDERATIONS 

P a r t  of t h e  implementation p lan  a c t i v i t i e s  w i l l  involve preparing permit 

app l i ca t ions  and preparing an environmental repor t  (ER). A number of 

f e d e r a l  and state regula t ions  p o t e n t i a l l y  w i l l  apply t o  a demonstration 

pro jec t  and several major permits 

summarizes major l e g i s l a t i o n  and p r inc ipa l  appl icant  act ivi t ies  o r  

permits  which may be  required.  

ill be  required.  Table 8-1 b r i e f l y  

The venture  group proposing a geothermal-alcohol demonstration p ro jec t  

would l i k e l y  be required t o  prepare an environmental repor t  on t h e  

proposal a c t i v i t y ,  The appl icants  should consul t  wi th  t h e  lead agency 

(probably DOE i f  a geothermal loan  guarantee is  involved) e a r l y  i n  t h e  

planning process  t o  obta in  guidance on t h e  appropr ia te  scope and level 

of d e t a i l  of environmental information t o  be submitted. 

mental base l ine  da ta  may be  required before  t h e  f a c i l i t y  i s  permit ted t o  

operate.  

ground material needed by the lead  agency i n  preparing an environmental 

impact assessment (EIA) or  an  environmental impact statement (ETS). ERDA 

has prepared a general  gu ide l ine  f o r  prepara t ion  of an environmental 

r epor t  f o r  geothermal development p r o j e c t s  which can be of use t o  p o t e n t i a l  

p r i v a t e  developers.  

A yea r ' s  environ- 

Data supplied by t h e  appl icant  provides t h e  e s s e n t i a l  back- 

(14 1 

The geothermal l e a s e ( s )  w i l l  c o n t a i n  general  and s p e c i f i c  requirements 

with which t h e  lessee must comply. 

may r equ i r e  submission of p lans  and s p e c i f i c a t i o n s  t o  t h e  lease supervisor  

f o r  approval, monitoring of activit ies and opera t ions ,  and documenting 

The a c t i o n s  t o  be taken by t h e  lessee 

compliance by submission of records and repor t s .  

required t o  comply with appl icable  f ede ra l ,  state, and l o c a l  environmental 

The lessee i s  a l s o  
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Table 8-1 

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

Act iv i ty  o r  Permit Required 

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

0 Lease requirements and s t ipu la -  
t i ons ,  GROs 

0 Prevention of s t g n i f i c a n t  dete- 
r i o r a t i o n  

0 Comply with w a s t e  discharge 
standards 

0 Comply with EPA noise  c r i t e r i a  

0 Avoid protected spec ies  

0 Approval of p lans  and specifica- 
t i o n s  f o r  loan guarantee 

0 Geothermal permit, water r i g h t  
permit 

e Applies t o  resources leased by 
state (probably not applicable) 

0 Permit t o  d r i l l ,  modify, o r  
convert geothermal w e l l  

Legis la t ion  and Administering Agency 

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

Geothermal Steam A c t  of 1970 (PL 91- 
581, 84 S t a t .  1566), BLM and USGS 

Clean A i r  A c t  Amendments of 1970 
(PL 91-604, 42USC 1857 e t  seq.), EPA 

Federal Water Pol lu t ion  Control A c t  
Amendments of 1972 (P l  92-500, 86 
S t a t .  816), EPA 

Noise Control Act of 1972 (P1 92-574, 
86 S ta t .  1234), EPA 

The Endangered Species A c t  of 1973 
(PL 93-205, 87 S t a t .  884), EPA 

The Geothermal Energy, Research, 
Development and Demonstration Act 
of 1974 (PL 93-410, 88 S t a t ,  1086, 
T i t l e  I1 of t h e  Act), DOE 

Idaho Geothermal Resources A c t  of 
1972 (Idaho Code Sections 42-4001 
t o  42-4015, amended 1974; Sections 
47-1601 t o  47-1611, 1972. The Idaho 
Department of Water Resources 

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

D r i l l i n g  of Geothermal Resources: 
Rules and Regulations and Minimum 
W e l l  Construction Standards, 1975, 
The Department of Water Resources 
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Table 8-1 (Continued) 

Act iv i ty  o r  Permit Required 

0 P e r m i t  t o  construct  

0 Waste water discharge permit 

0 Approval of plans and specif ica-  
t i ons  f o r  s o l i d  waste d isposa l  

Permit t o  construct ,  modify, o r  
maintain waste d isposa l  and 
i n j e c t i o n  w e l l s  

D i s t i l l e d  s p i r i t s  p l a n t  permit  

Legis la t ion  and Administering Agency 

Rules and Regulations f o r  t h e  Control 
of A i r  Po l lu t ion  i n  Idaho, 1973. 
Idaho Department of Health and W e l -  
f a r e  

Rules and Regulations f o r  t h e  Estab- 
lishment of Standards of Water 
Quality and f o r  Wastewater Treatment 
Requirements f o r  t h e  Waters of t h e  
State  of Idaho, 1973. Idaho Board 
of Environmental and Community 
Services 

Solid Waste Management Regulations 
and Standards, 1973. Idaho Board 
of Environmental and Community 
Services 

Construction and U s e  of Waste D i s -  
posal and In j ec t ion  Wells (Proposed 
Rule), January 23, 1979. Idaho 
Department of Water Resources and 
Department of Health and Welfare 

The Internal Revenue Code of 1954, 
(26USC 5171), Bureau of Alcohol, 
robacco and Firearms, Department 
of t h e  Treasury 
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standards (incorporated i n  l e g i s l a t i o n  l i s t e d  above), and with t h e  USGS 
geothermal resources  operation (GRO) orders.  (11) 

A number of l o c a l  building-type permits w i l l '  be required during construc- 

t i o n  of t h e  f a c i l i t y .  Normally these  types of permits are handled by t h e  

construct ion cont rac tor  and h i s  subcontractors.  

The p ro jec t  w i l l  a l s o  have t o  obta in  a D i s t i l l e d  S p i r i t s  Plant  Permit from 

t h e  Bureau of Alcohol, Tobacco and Firearms (ATF), Department of t h e  

Treasury. ATF is  i n  t h e  process of d r a f t i n g  l e g i s l a t i o n  f o r  considerat ipn 

i n  Congress t h a t  w i l l  s implify t h e  regula t ions  involving t h e  production of 

fuel-grade alcohol.  

The permit t ing process can be somewhat lengthy. 

information f o r  preparat ion of permit appl ica t ions  and t imely submission 

of appl ica t ions  w i l l  help t o  avoid cos t ly  delays i n  a p ro jec t .  

f o r  geothermal loan guarantees must submit, as p a r t  of t h e  supporting 

information, a l i s t i n g  of a l l  permits o r  au thor iza t ions  required by 

federa l ,  state, and l o c a l  government agencies and a copy of each applica- 

t i o n  f o r  approval when issued o r  a statement of planned f i l i n g  da te s  and 

expected da te s  of approval. 

Col lec t ion  of adequate 

Applicants 

(15) 

Speci f ic  permits w i l l  be required from t h e  Idaho Department of Water 

Resources f o r  t h e  development of geothermal resources,  whether on p r iva t e ,  

s tate,  o r  f ede ra l  land: 

D r i l l i n g  permit - permit required t o  d r i l l  f o r  geothermal 
resources a t  depths g rea t e r  than 1,000 f e e t  (a l so  permit 
required t o  modify o r  deepen an  e x i s t i n g  w e l l  o r  t o  con- 
vert an e x i s t i n g  w e l l  i n t o  an i n j e c t i o n  w e l l ) .  A no t i ce  
of i n t e n t  i s  required t o  construct  a hole  f o r  t h e  gather- 
i n g  of geotechnical da t a  (wr i t ten  approval is  required) - 
app l i e s  t o  exploratory d r i l l i n g ,  d r i l l i n g  of production 
w e l l s  and i n j e c t i o n  w e l l s  
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Waste d isposa l  and i n j e c t i o n  w e l l  permit - permit is 
required t o  cons t ruc t ,  madify o r  maintain a waste dis-  
posa l  o r  i n j e c t i o n  w e l l  - app l i e s  t o  cool ing water supply 
or  and r e in j ec t ion  w e l l s  

Geothermal resource permit - permit is required f o r  geo- 
thermal development i n  a designated GRA i f  t h e  operat ion 
of w e l l  900 Q or more deep does not  a f f e c t  any source of 
developed underground water 

Water r i g h t  permit - permit required t o  appropr ia te  water 
including geothermal water which involves consumptive use 
and water f o r  construct ion and operat ion involving con- 
sumptive use  - water r i g h t  permits obtained f o r  t h e  geo- 
thermal production w e l l s  would provide p ro tec t ion  from 
t h i r d  pa r ty  in te r fe rences  

The Idaho Board of Environmental and Community Services  would requi re  a 

permit f o r  any wastewater discharge ( including san i t a ry  sewage) from t h e  

alcohol  f a c i l i t y  and would r equ i r e  approval of t h e  p lan  f o r  d i sposa l  of 

t h e  p l a n t ' s  s o l i d  waste. The Idaho Department of Health and Welfare has  

t h e  au tho r i ty  f o r  t h e  con t ro l  of a i r  po l lu t ion  i n  Idaho. 

con t ro l  of f u g i t i v e  emissions during cons t ruc t ion  and operat ion and may 

It w i l l  r equ i r e  

r equ i r e  a permit t o  construct  f o r  t h e  a lcohol  f a c i l i t y  i f  t h e  fermenter 

vent gas  is  considered a s i g n i f i c a n t  new s t a t iona ry  source. 

This d i scuss ion  of i n s t i t u t i o n a l  requirements and cons t r a in t s  has  focused 

on t h e  implementation of a 20-million-gallon-per-year geothermal-alcohol 

demonstration p ro jec t  i n  the  Raft River KGRA. 
favor a wheat-only o r  wheat and sugar beet  based geothermal-alcohol f a c i l i t y  

of t h i s  s i z e .  

power and community resources ,  and water use - poin t  toward a smaller-scale 

f a c i l i t y  as being morecappropriate f o r  immediate implementation. A smaller 

f a c i l i t y ,  i.e., 5 t o  10 million-gallon-per-year a lcohol  capaci ty ,  w i l l  

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

t o  implement. There would be economic pena l t i e s  f o r  t he  smaller s c a l e  

which would lessen, but perhaps not  erase, t h e  economic a t t r a c t i v e n e s s  of 

geothermal-alcohol production. 

The technology and economics 

The i n s t i t u t i o n a l  c o n s t r a i n t s  - t r anspor t a t ion  access ,  man- 
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