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INTRODUCTION 

A l t e r n a t i v e  sou rces  of energy w i l l  have t o  be developed as t h e  avail- 

a b i l i t y  of t r a d i t i o n a l  energy r e sources  con t inues  t o  diminish.  Arizona 

i s  supp l i ed  w i t h  geothermal reserves which could p o t e n t i a l l y  supplement 

t h e  e x i s t i n g  energy supp l i e s .  Consequently, planning e f f o r t s  have con- 

c e n t r a t e d  on e s t i m a t i n g  t h e  p o t e n t i a l  of geothermal energy u t i l i z a t i o n  in 

Arizona and i n  providing information necessa ry  f o r  i t s  p r o s p e c t i v e  com- 

m e r c i a l i z a t i o n .  

Geothermal commercial izat ion p l ans  were prepared f o r  seven d i s t i n c t  . 
i n t r a s t a t e  subd iv i s ions .  The geothermal r e s o u r c e  p rospec t  and t h e  poten- 

t i a l  geothermal u s e s  f o r  each area are d i scussed  i n  s e p a r a t e  Area Develop- 

ment P l a n s  (ADPs). The major o b j e c t i v e  of t h e  ADP i s  t o  p rov ide  in fo rma t ion  

f o r  t h e  p r o s p e c t i v e  development and commercial izat ion of geothermal energy 

i n  t h e  s p e c i f i e d  area. Attempts are made t o  match t h e  a v a i l a b l e  geothermal 

r e s o u r c e s  t o  p o t e n t i a l  r e s i d e n t i a l ,  commercial, i n d u s t r i a l  and a g r i c u l t u r a l  

u se r s .  

Th i s  ADP is  concerned wi th  geothermal p o t e n t i a l  in P i n a l  County. Wells 

d r i l l e d  i n  t h e  county p rov ide  evidence of geothermal energy s u f f i c i e n t  f o r  

p rocess  h e a t  and space  h e a t i n g  and coo l ing  a p p l i c a t i o n s .  

sumption was es t ima ted  f o r  i n d u s t r i e s  whose p rocess  h e a t  requirements  are 

less than 105OC (221'F). This in fo rma t ion  w a s  t hen  used t o  model t h e  in- 

Annual energy con- 

t r o d u c t i o n  of geothermal energy i n t o  t h e  p rocess  h e a t  market. Also,  a g r i -  

c u l t u r e  and a g r i b u s i n e s s  i n d u s t r i e s  w e r e  i d e n t i f i e d .  Many of t h e s e  are 

loca ted  on o r  near a geothermal r e s o u r c e  and might be  a b l e  t o  u t i l i z e  

geothermal energy i n  t h e i r  ope ra t ions .  

- 1- 



AREA DEVELOPMENT PLANS 

Arizona has  been d iv ided  i n t o  seven d i s t i n c t  s i n g l e  o r  mult icounty 

subd iv i s ions  f o r  which Area Development P lans  (ADPs) f o r  geothermal com- 

m e r c i a l i z a t i o n  have been developed. A map of Arizona presented  i n  

F igure  1 shows t h e s e  areas which are numbered i n  o r d e r  of planning p r i o r i t y .  

This ADP i s  concerned wi th  P i n a l  County. Both metric and Engl i sh  \ 

u n i t s  are provided i n  the text. 

t a b l e s  and f i g u r e s .  For canvenience,  some common convers ion  f a c t o r s  are 

However, on ly  metric u n i t s  appear  i n  t h e  

l i s t e d  i n  Table  1. 

TABLE 1: SOME COMMON CONVERSION FACTORS 
~~ ~~~~ 

Length and Volume Conversions: 

To Convert: Mul t ip ly  By: To Obtain: 

meters 3.281 f e e t  

k i lome te r s  0.6214 m i l e s  

cubic  k i lome te r s  0.2399 cuh ic  m i l e s  

l i ters 0.2642 g a l l o n s  

Temperature Conversions: F = (J.8 x C) + 32 0 0 

~ ~~ 

GEOTHERMAL RESOURCES 

0 Four areas of proven geothermal r e sources  of less than 90°C C.94 F] 

are loca ted  wi th in  P ina l  County. Numbered boxes i n  F i g u r e  2 i d e n t i f y  these 

areas; Table  2 g ives  the l o c a t i o n  of each of these areas along with rough 

depth,  volume and tempera ture  e s t ima tes .  

Thir ty-eight  w e l l s  d r i l l e d  i n  P i n a l  County have s u r f a c e  w a t e r  tem-  

p e r a t u r e s  ranging from 35.OoC C95OF) t o  71.7OC (161°F); 

from 84 m (276 f t )  t o  995 m (3255 f t ) .  Most of t h e s e  w e l l s  are l o c a t e d  i n  

w e l l  d e p t h s  r a n g e  

- 2- 



Prior i t ies  

Maricopa 
Pima 
G rahan / G re en lee 
Pinal 
YUlIla 
Cochise/Santa Cruz 
Northern Counties a,% 4,8,9,13) 

County Names 

1. Apache 
2. Cochise 
3. Coconino 
4. Gila 
5. Graham 
6. Greenlee 
7.  Haticopa 
8. Mohave 
9.- Navajo 
10. P i n a  
11. Pinal 
12. Santa Cruz 
13. Yavapai 
14.  Yuma 

Figure I: Area Development Plans for Arizona. 
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Figure 2: Arizona's Proven, P o t e n t i a l  and Infer red  Resources. 
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TABLE 2: PROVEN AND POTENTIAL RESERVOIRS OF PINAL COUNTY OF LESS THAN 1.2 KM DEPTH 
Modified from Witcher (1979) Tr - Average Reservoir Temperature 

Area Location Volurge Measured ('(2) Depth Tr ('C) Geothermometq Met hod 
(km 1 Temperature (km) . Temperature ( C) 

1 R5-8S, R7-9E 126.9 30-45 <0.76 55 40-80 Chalcedony 
2 T8-10S, R16-18E 61.9 30-45 <0.31 60 50-70 Chalcedony 
3 T8-9S, R6-8E 80.5 30-45 <O. 76 55 4 0-8 0 Chalcedony 
4 T4-7S, R2-4E 164.1 30-40 <0.46 55 c Reservoir Temg, for 

Gradient = 35 C / h  

I 

I 
wl 



t h e  Coolidge area. Twelve w e l l s  i n  t h i s  area d i s c h a r g e  water a t  less than  

5OoC (.122'F); seven w e l l s  d i s c h a r g e  water a t  g r e a t e r  t han  50 C (122 F).  0 0 

F l u i d s  discharged du r ing  a product ion test of a 2500-m (8200-ft) 

geothermal tes t  w e l l  d r i l l e d  i n  t h e  Picacho Basin reached a m a x i m u m  t em-  

p e r a t u r e  of 82OC (180'F). 

power product ion b u t  could be a p p l i c a b l e  t o  space  and p rocess  hea t ing .  

Th i s  temperature  i s  n o t  s u f f i c i e n t  f o r  e lectr ic  

A forthcoming state geothermal map compiled by t h e  Arizona Bureau of 

Geology and Mineral  Technology and publ ished by t h e  Na t iona l  Oceanographic 

and Atmospheric Adminis t ra t ion w i l l  provide a complete and updated l i s t i n g  

of d a t a  concerning thermal  w e l l  and s p r i n g  l o c a t i o n s  as w e l l  as temperature  

and dep th  estimates, f low rates and t o t a l  d i s s o l v e d  s o l i d s .  Th i s  map 

w i l l  be a v a i l a b l e  i n  l a t e  1981. 

ECONOMY 

P o m l a t i o n  

The 1980 popu la t ion  of P i n a l  County w a s  90,918. The t o t a l  l and  area 
I 

of 5,386 squa re  m i l e s  g i v e  t h e  county a popu la t ion  d e n s i t y  of 1 7  persons 

p e r  squa re  m i l e .  E thn ic  breakdown of t h e  popu la t ion  is 50 p e r c e n t w h i t e ,  

36 p e r c e n t  Hispanic ,  9 pe rcen t  Ind ian  and 4 percen t  black. 

Growth 

H i s t o r i c a l l y ,  t h e  popu la t ion  of P i n a l  County has  grown a t  a 2.6 p e r c e n t  

annual  ra te  s i n c e  1950. Fu tu re  p r o j e c t i o n s  p l a c e  growth a t  a 1.6 p e r c e n t  

annual  ra te  t o  2020. F igu re  3 p r e s e n t s  popu la t ion  p r o j e c t i o n s  f o r  P i n a l  

County. 

P i n a l  County,s i tuated between Maricopa and Pima c o u n t i e s , i s  pre- 

dominantly r u r a l .  The major c i t i e s  and t h e i r  popu la t ions  are l i s t e d  i n  

Table 3. 
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F i g u r e  3: Popula t ion  P r o j e c t i o n s  f o r  Pinal County. 
Source: Techn ica l  Advisory Committee (DES) 



TABLE 3: MAJOR TOWNS I N  PINAL COUNTY AND THEIR CURRENT AND 

PROJECTXD POPULATIONS I 

1979 2020 

Apache J u n c t i o n  

Arizona C i t y  

Casa Grande 

Coolidge 

Eloy 

F l o  r enc e 

Kearny 

Mammoth 

Oracle 

San Manuel 

Superior  

9,979 

1,239 

16,908 

7,427 

7,039 

3 , 1 8 1  

2,703 

z ,228 

2,206 

4,708 

5,629 

34,466 

7,757 

33 , 539 

1 3  , 949 

11,691 

5,287 

5,189 

3,316 

19,200 

6,823 

7,979 

Casa Grande, l o c a t e d  between Phoenix and Tucson, is  t h e  l a r g e s t  c i t y  i n  

P i n a l  County. It i s  expected t o  grow a t  a 1.8 p e r c e n t  annual  rate w i t h  re- 
. _  

s i d e n t i a l  expansion occur r ing  t o  t h e  n o r t h  and i n d u s t r i a l  expansion occur r ing  

t o  t h e  w e s t .  Coolidge, t h e  second l a r g e s t  c i t y ,  is  growing a t  a 1.5 p e r c e n t  

annual  ra te  w i t h  expansion occur r ing  p r i m a r i l y  t o  t h e  w e s t .  

I ndus t ry  and Employment 

P i n a l  County is  w e l l  balanced i n  terms of employment op t ions .  Mining, 

a g r i c u l t u r e  and manufacturing are a l l  important  s e c t o r s  of t h e  economy, 

Mining ou tpu t  c o n t r i b u t e d  n e a r l y  $400 m i l l i o n  t o  t h e  P i n a l  County economy 

i n  1977. Estimated mining employment f o r  1979 i n  P i n a l  County w a s  6282 

workers. P r o j e c t i o n s  p l a c e  mining employment a t  9124 by t h e  yea r  2000, 

an annual  growth rate of 1.8 percen t .  

Value added by manufacturing amounted t o  $88 m i l l i o n  i n  1977, a 

-8- 



d e c l i n e  from the 19.72 level. Manufacturing employed 2320 persons  in 1979.; 

p r o j e c t i o n s  place manufacturing employment a t  5891 by 2000. 

T o t a l  v a l u e  of a g r i c u l t u r a l  p roduct ion  in 1977 w a s  $244 m i l l i o n ,  down 

from t h e  1976 levels.  A g r i c u l t u r e  employed a t o t a l  of 3782 workers i n  1979.. 

By 2000, t h e  number of a g r i c u l t u r a l  workers i s  expected t o  d e c l i n e  t o  3014. 

Tourism is a l s o  somewhat important  in P i n a l  County. In 1978, expendi- 

t u r e s  on tourism i n  P i n a l  County w e r e  es t imated  a t  over $28 m i l l i o n ,  

F igu re  4 summarizes employment in 1 9 7 9 - i n  P i n a l  County and p rov ides  

p ro jec t ed  employment informat ion  t o  the  yea r  2QOQ. According t o  the  f i g u r e s ,  

t h e  f a s t e s t  growing employment s e c t o r s  a r e  mining and manufacturing. 

Income 

Personal  income and pe r  c a p i t a  income a re  b o t h  p ro jec t ed  t o  grow a t  

real annual  rates of 4 . 3  percen t  and 2.6 pe rcen t ,  r e s p e c t i v e l y .  T h e  c u r r e n t  

level  of pe r sona l  income is $282 m i l l i o n  and pe r  c a p i t a  income is $3,228. 

Both are i n  1912 d o l l a r s .  

O t h e r  Economic I n d i c a t o r s  

B e t w e e n  1968 and 1978, the v a l u e  of r e t a i l  sales s t e a d i l y  increased  

i n  P i n a l  County w i t h  a 251 percent increase occur r ing  over the ten-year 

per iod .  Bank d e p o s i t s  increased  by 200 pe rcen t  over the s a m e  time per iod .  

LAM) OWNERSHIP 

F igu re  5 shows a gene ra l  l and  ownership map f o r  P i n a l  County. 

Acreage breakdowns f o r  each ownership class a re  presented  i n  Tab le  4. 

Procedures  f o r  acqu i r ing  s u r f a c e  and mineral r i g h t s  depend upon which 

s e c t o r  owns the land. 

-9- 
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Figure 4:  Employment Sector Projec t ions  f o r  P ina l  County. 
Source: Department of  Economic Secur i ty  
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TABLE 4: BREAKDOWN OF LAND OWNERSHIP I N  PINAL COUNTY 

Acres P e r c e n t  of T o t a l  

Fede ra l  791,660 23 

S t a t e  1,239,120 36 

Ind ian  550,720 1 6  

P r i v a t e  860,500 25 

T o t a l  3,442,000 

E l e c t r i c i t y ,  n a t u r a l  gas ,  d i s t i l l a t e  f u e l s  and l i q u i d  petroleum gas ,  the  

energy types t h a t  t h e  county most depends upon, are considered here.  No 

a t t e m p t  has been m a d e  to p r o j e c t  the i m p a c t  of the  use of a l ternat ive energy 

sources  such as wind power and s o l a r  energy. 

Energy u s e  and p r o j e c t i o n s  of energy u s e  t o  t h e  yea r  2020 f o r  P i n a l  

County are p resen ted  by u s e r  c lass  in Table 5. 

TABLE 5: ENERGY-USE PROJECTIONS FOR PINAL COIJNTY(l) ( T r i l l i o n  Btu) 

1978'2) 2 0 0 0 ( ~ )  2 0 2 0 ( ~ )  

R e s i d e n t i a l  2.19 2.0 

Commercial 2.58 2.4 

I n d u s t r i a l  5.0 4.6 

T o t a l  9.77 9.0 

1.8 2.0 

2.1 2.3 

4.0 4.4 

7.9 8.7 

(1) Excludes t r a n s p o r t a t i o n  and conversion and t r ansmiss ion  l o s s e s  from \ 
t h e  gene ra t ion  of e l e c t r i c i t y .  

1978 f i g u r e s  f o r  each s e c t o r  were developed from Arizona Energy U s e ,  
1978 compiled by t h e  Div i s ion  of Economic and Business Research, 
Un ive r s i ty  of Arizona. 

(2) 
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(3) P r o j e c t i o n s  were developed by t h e  New Mexico Energy I n s t i t u t e  by 
making u s e  of growth rates f o r  each u s e r  class. 

The f i g u r e s  i n  Table 5 do n o t  n e c e s s a r i l y  r e f l e c t  what a c t u a l  consumption 

w i l l  be  b u t  do show a g e n e r a l  p r o j e c t i o n  of energy-use t r ends .  Energy use ,  

determined by f a c t o r s  such as pe r sona l  income and p r i c e  of energy, i s  ex- 

pected t o  d e c l i n e  in a l l  t h r e e  u s e r  classes due t o  consumer r e spons iveness  

t o  energy p r i c e  inc reases .  Table 6 shows 1979 energy p r i c e s  f o r  each u s e r  

class p e r  m i l l i o n  Btu. 

~ ~ ~ ~ ~ ~~~ ~ ~ ~~ ~~ ~~ 

TABLE 6: ESTIMATED AVXRAGZ EXERGY PRICES BY USER CLASS, 1979 (Per  M i l l i o n  Btu) 

(1) I n d u s t r i a l  (2 )  R e s i d e n t i a l  Commercjlal 

E l e c t r i c i t y  $14.65 - $17.58 $11.70 

N a t u r a l  G a s  $3 -27 $ 2.48 

Liquid Petroleum Gas $3.27 - $4.20 same 

Dist i l la tes  $4.72 - $4.51 same 

$8.07 

$2 .36  

same 

same 

(1) Commercial: i n c l u d e s  s m a l l  i n d u s t r y  

(2)  I n d u s t r i a l :  l a r g e  i n d u s t r y  

Source: S a l t  River P r o j e c t  Agr. Improvement and Power D i s t r i c t ,  Arizona, 
Feb. 26, 1979; Arizona P u b l i c  S e r v i c e  Co., Gas Div i s ion ,  1979 d a t a .  

WATER 

F igure  6 shows p r o j e c t i o n s  of water a v a i l a b i l i t y  and u s e  f o r  P i n a l  

County. The t h r e e  a l t e r n a t i v e  f u t u r e s  p re sen ted  i n  t h e  f i g u r e  take i n t o  

account  a v a r i e t y  of f a c t o r s  such as popu la t ion  growth, i n d u s t r i a l  develop- 

ment and consumer h a b i t s  and l i f e s t y l e s  t h a t  w i l l  have an e f f e c t  on t h e  

f u t u r e  level  of water use. The a l te rna t ive  f u t u r e s  summary i n  t h e  f i g u r e  
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PINAL COUNTY 
ALTERNATIVE FUTURES 

I 
ITEM 

(~uanlltles in Thouranda) 

1970 

POPULATION 68.6 

HARVESTED ACRES 231.0 

URBAN OEPLETIONS AF/YR 11.6 

STEAM ELECTRIC DEPLETIONS AFlYR 1.4 

MINERAL DEPLETIONS AF/YR 31.0 

AGRICULTURAL OEPL. AF/YR 830.0 

TOTAL WATER DEPL. AF/YR 874 

SURPLUS SUPPLY (De(.) (620) 

OEPENOABLE WATER AFiYR 254 

1 

PROJECTED ALTERNATIVE WATER DEPLETIONS 
AND DEPENDABLE SUPPLY 

ALTERNATIVE FUTURES 

I I I  111 

1990 2020 1990 2020 1990 2020 

138.0 218.0 115.0 157.0 115.0 157.0 

244.0 248.0 244.0 143.0 271 0 292.0 

16.0 19.8 

1 8  5.3 1.4 3.3 1.4 3.3 

79.0 160.0 79.0 160.0 

839.0 801.0 839.0 462.0 

18.1 25.5 16.0 19.8 

81.0 219.0 

934.0 942.0 

1035 1192 935 984 935 645 

991 645 99 1 645 99 1 645 

(44) (547) 56 (339) 56 0 
I 

I970 1980 1990 2000 2010 2020 - -  
YEAR 

ALTERNATIVE FUTURES SUMMARY 

Figure 6: Projected Alternatives for Water Use in Pinal Countyo 
Source: Arizona Water Commission (1977) 
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shows t h a t  water u s e  f o r  a g r i c u l t u r e  accounts  f o r  95 p e r c e n t  of p r o j e c t e d  

water d e p l e t i o n s  i n  P i n a l  County; mine ra l  p roduct ion ,  account ing  f o r  less 

than  f o u r  p e r c e n t  of t o t a l  water d e p l e t i o n s ,  i s  t h e  county ' s  second major 

water use r .  Both p r o j e c t e d  urban and steam electr ic  water d e p l e t i o n s  are 

r e l a t i v e l y  s m a l l  i n  comparison t o  t o t a l  expected d e p l e t i o n s .  

I n  P i n a l  County, t h e  assumed a l l o c a t i o n  of t h e  C e n t r a l  Arizona P r o j e c t  

( C A P )  water is expected t o  completely s a t i s f y  t h e  water needs f o r  a s h o r t  

pe r iod  of time a f t e r  t h e  CAP is  complete. However, as a g r i c u l t u r a l  water 

s u p p l i e s  from t h e  P r o j e c t  dec rease ,  t h e  dependable supply  a v a i l a b l e  t o  t h e  

county w i l l  s h r i n k  r a p i d l y .  Under Alternative 11 i n  F i g u r e  6,  t h e  dependable  

water supply is p r o j e c t e d  t o  dec rease  from 991,000 ac re - f ee t  i n  1990 t o  

645,900 ac re - f ee t  i n  2020. In 2020, annual  d e f i c i e n c i e s  of 547,000 acre- 

f e e t  and 339,000 ac re - f ee t  are p r e d i c t e d  under Alternatives I and 11, res- 

p e c t i v e l y ;  Alternative 111 p r e d i c t s  a ba lance  between water supply  and 

demand . 
MATCHING GEOTHERMAL RESOURCES TO POTENTIAL USERS 

One aim of t h e  development p l an  is t o  d e f i n e  a t ime frame in which 

geothermal  r e s o u r c e s  w i l l  r e a l i z e  commercial use. A time l i n e  w a s  produced 

w i t h  t h e  a s s i s t a n c e  of  t h e  New Mexico Energy Institute (NMEI). Information 

provided by t h e  S o l a r  Energy Research I n s t i t u t e  i d e n t i f i e d  i n d u s t r i e s  w i t h -  

i n  P i n a l  County having p rocess  h e a t  requi rements  less than  105OC (221'F). 

Annual energy consumption w a s  t hen  e s t ima ted  f o r  each  of  t h e s e  i n d u s t r i e s  

which are i d e n t i f i e d  by a f o u r - d i g i t  s t anda rd  i n d u s t r i a l  code. This 

informat ion ,  t a b u l a t e d  i n  Table  7 ,  w a s  then  used t o  model t h e  i n t r o d u c t i o n  

of geothermal  energy i n t o  t h e  p rocess  h e a t  market. F igu res  7 and 8 show 

time l i n e  r e s u l t s  of t h i s  modeling under private development and under c i t y  

-15- 
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u t i l i t y  development, r e s p e c t i v e l y .  The d i f f e r e n c e s  p r i m a r i l y  are due 

t o  v a r i a t i o n s  i n  t h e  c o s t  of c a p i t a l  and tax l i a b i l i t i e s  f o r  each type 

of development. Comparison of t h e  f i g u r e s  shows t h a t  development of 

geothermal energy would occur f a s t e r  under a c i t y  u t i l i t y  t han  i t  would 

under p r i v a t e  development. 

TABLE 7 :  ESTIMATED PROCESS HEAT ENERGY REQUIREMENTS 

Assumed Reservoir  Temperature: 105OC 

s I C  Number D e s c r i p t i o n  Energy Usel2 
Code of Firms Btu/yr  x 10  

2048 

2086 

2099 

2519 

2599 

3273 

3441 

3443 

3499 

3911 

1 
1 

2 

1 

1 

2 

1 
1 

3 

1 

Animal Feed .323 

S o f t  Drinks .0016 

Misc. Foods .0033 

Eousehold F u r n i t u r e  .1802 

F u r n i t u r e  and F i x t u r e s  -1395 

Ready-Mix Concrete .0058 

S t r u c t u r a l  Metal .0164 

B o i l e r  Shops .0014 

Misc. Metal Products .4526 

Jewelry .0003 

To t a l  1.127 

~~~ 

For purposes of comparison, t h e  r e s u l t s  of t h e  modeling are presented i n  

summary form i n  Table 8 i n  terms of b a r r e l s  of o i l  r ep laced  by geothermal 

energy annual ly .  

The NMEI model is d i scussed  more f u l l y  i n  Appendix A. 
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TABLE 8: BARRELS OF OIL REPLACED BY GEOTHEWA ENERGY PER PEAR 

Process  H e a t  Market 

1985  1990  2000 2020 

Private Develop er 416 , 071 1 , 351,685 1 ,767,589 2 , 624 , 057 

Ci ty  U t i l i t y  1,145,695 1 ,561,599 1 ,769 ,551  2,624,057 

S p e c i f i c  i n d u s t r i e s  i n  Casa Grande which may be  a b l e  t o  u s e  geothermal  

energy f o r  t h e i r  space  h e a t i n g  and/or  process  h e a t  needs i n c l u d e  Arizona 

T e x t i l e  Corpora t ion ,  Casa Grande o i l  M i l l ,  Casa Grande Val ley  Newspapers, 

Champion Products ,  Hexcel Corpora t ion ,  P i n a l  Materials Company Incorpora t ed  

and S k y l i n e  Corporat ion.  

f o r  G i l a  E n t e r p r i s e s  and Gila River Ind ian  E n t e r p r i s e s ,  Incorpora ted .  

Geothermal a p p l i c a t i o n s  may a l s o  exist i n  Coolidge 

I n  matching geothermal  r e sources  t o  p o t e n t i a l  u s e r s ,  t h e  a g r i b u s i n e s s  

and a g r i c u l t u r e  i n d u s t r i e s  w i t h i n  P i n a l  County were i d e n t i f i e d .  

presents a l i s t  of t h e  types  of a g r i b u s i n e s s  i n d u s t r i e s  i n  t h e  county and 

t h e  c i t i e s  i n  which they are loca ted .  

on o r  near a geothermal  r e s o u r c e  and probably could adopt  geothermal  energy. 

Table  9 

Many of t h e s e  o p e r a t i o n s  are l o c a t e d  

TABLE 9 :  NUMBER OF FIRMS WITHIN VARIOUS AGRICULTURAL 

SECTORS FOR SOME CITIES I N  PINAL COUNTY 

A g r i c u l t u r a l  Cot t o n  
Chemicals Feeds Products  

Casa Grande 

Coolidge 

Eloy 

Maricopa 

Picacho 

3 

1 

1 

7 

2 

3 

2 

1 
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Geothermal energy may a l s o  have some a p p l i c a t i o n s  i n  t h e  prepared 

f e e d s  indus t ry .  The prepared f e e d s  i n d u s t r y  i s  comprised of p l a n t s  p r i -  

mar i ly  engaged i n  manufacturing prepared f e e d s  and f eed  i n g r e d i e n t s  ( a l f a l f a  

meal and f eed  supplements) f o r  l i v e s t o c k  and pou l t ry .  An es t ima ted  52.8 

pe rcen t  of t h e  t o t a l  energy consumed by t h e  i n d u s t r y  i n  1972 w a s  provided 

by n a t u r a l  gas;  10.6 pe rcen t  w a s  provided by f u e l  o i l  and 27.6 pe rcen t  by 

purchased e l e c t r i c i t y .  The remaining energy w a s  ob ta ined  from o t h e r  sou rces  

such as g a s o l i n e  and d i e s e l  f u e l  consumed i n  h a r v e s t i n g  and t r a n s p o r t i n g .  

The prepared f e e d s  i n d u s t r y  is d iv ided  i n t o  f i v e  segments: prepared 

f eeds ,  dehydrated a l f a l f a ,  sun-cured a l f a l f a ,  dehydrated g r a s s  and dehy- 

d r a t e d  c i t r u s  pulp. The prepared f e e d s  segment, producing over  97 p e r c e n t  

of t h e  t o t a l  o u t p u t  of t h e  i n d u s t r y ,  i s  t h e  most s i g n i f i c a n t  segment i n  

terms of tons  of f eed  processed. The type and amount of energy used in 

t h i s  segment f o r  t h e  v a r i o u s  manufacturing p rocesses  are shown i n  Table 10. 

TABLE 10: ENERGY USE I N  THE PREPARED FEEDS SEGMENT 

Process  Type Energy Used P e r c e n t  of T o t a l  

Drying ( d i r e c t  use)  Fuel  1.0 

B o i l e r  l o s s e s  Fuel  t o  b o i l e r  18.6 

Conditioning, f l a k i n g  

P l a n t  h e a t i n g  and o t h e r  

and p e l l e t i n g  Steam 

steam u s e r s  S t e a m  

36.6 

6.7 

Mechanical power E l e c t r i c i t y  35.2 

L igh t ing  E l e c t r i c i t y  1.9 

100.0 
Source: Energy-Saving Techniques f o r  t h e  Food 

Industry,Noyes Data Corporation, 1977 
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A s  shown i n  t h e  t a b l e ,  t h e  cond i t ion ing ,  f l a k i n g ,  and p e l l e t i n g  o p e r a t i o n s  

and t h e  product ion of mechanical power consume t h e  g r e a t e s t  amounts of 

energy. L e s s  than seven p e r c e n t  of t h e  t o t a l  energy consumed is  used f o r  

p l a n t  h e a t i n g  and o t h e r  steam uses  wh i l e  only one pe rcen t  i s  used f o r  drying.  

There i s  one p l a n t  i n  P i n a l  County t h a t  f a l l s  under t h e  prepared f e e d s  

i n d u s t r i a l  c l a s s i f i c a t i o n .  Geothermal energy has  p o t e n t i a l  a p p l i c a t i o n s  

i n  t h e  d ry ing  p rocess ,  i n  h e a t i n g  b o i l e r  feed water and i n  space hea t ing .  
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Appendix A 

The New Mexico Energy I n s t i t u t e  a t  New Mexico State U n i v e r s i t y  h a s  

developed a computer s i m u l a t i o n  model, BTHERM, t o  assess t h e  economic 

f e a s i b i l i t y  of r e s i d e n t i a l  and commercial d i s t r i c t  space  h e a t i n g ,  h o t  

water h e a t i n g  and i n d u s t r i a l  p rocess  h e a t i n g  u s i n g  low tempera ture  geo- 

. thermal  energy. Another model, CASH, w a s  developed to  d e p i c t  t h e  growth 

of geothermal  energy on l ine over  t h e  n e x t  40 y e a r s  as a f u n c t i o n  of  p r i ce  

of competing energy sources .  A major assumption of t h e s e  models is that 

geothermal  energy  must be  pr ice-compet i t ive  w i t h  t h e  lowes t -cos t  conven t iona l  

energy s o u r c e  i n  o r d e r  t o  a s s u r e  market  cap tu re .  

Development of a geothermal  r e s o u r c e  is  c h a r a c t e r i z e d  by l a r g e  c a p i t a l  

o u t l a y s ,  b u t  a long-term geothermal  inves tment  has t h e  p o t e n t i a l  t o  p rov ide  

r e l a t i v e l y  inexuensive energy a t  a s t a b l e  price. Unlike n a t u r a l  g a s  and 

e l e c t r i c i t y ,  however, geothermal  energy i s  an unknown energy i n v o l v i n g  cer- 

t a i n  r i s k s  such  as p r i c e  and r e s e r v o i r  l i f e  and t h e  need f o r  back-up systems. 

An a n a l y s i s  o f  t h e  c o s t s  and economic compe t i t i veness  of geothermal  energy 

must t a k e  t h e s e  u n c e r t a i n t i e s  i n t o  account .  Thus, c o s t s  may be  ove res t ima ted  

so t h a t  t h e  b e n e f i t s  w i l l  n o t  be  o v e r s t a t e d .  

B- models t h e  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  sectors 

of a t y p i c a l  c i t y ,  each  s e c t o r  having unique  energy c o s t s  and energy system 

p h y s i c a l  parameters as w e l l  as d i f f e r e n t  growth rates. The model p o s s e s s e s  

the a b i l i t y  t o  model each  s e c t o r  i n d i v i d u a l l y  and can a n a l y z e  t h e  a p p l i c a t i o n  

of geothermal  energy t o  new growth on ly ,  t o  conve r s ion  of e x i s t i n g  s t r u c t u r e s  

o r  t o  a combinat ion of both.  The model a l s o  has t h e  c a p a b i l i t y  t o  model 

b o t h  p r i v a t e  and city-owned u t i l i t y  development of the geothermal  r e source .  

Output of t h e  model i n c l u d e s  the l e v e l i z e d  p r i c e  p e r  m i l l i o n  Btu of 
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d e l i v e r e d  energy, t h e  discounted p r e s e n t  v a l u e  of investment necessary and 

t h e  undiscounted v a l u e s  of investments  f o r  p o l i c y  s t u d i e s .  Also, from i n p u t  

of t h e  p r i c e  and p r i c e  growth rate of convent ional  energy, t h e  model d e t e r -  

mines the discounted o r  undiscounted v a l u e s  f o r  f e d e r a l  and state taxes, 

tax c r e d i t s ,  r o y a l t y  rates, p r o p e r t y  taxes and consumer sav ings  due t o  

conversion from convent ional  energy t o  geothermal. 
L 

C e r t a i n  l i m i t a t i o n s  of t h e  model have a l r e a d y  been suggested.  Costs ,  

f o r  example, may be  overest imated due t o  sa fegua rds  b u i l t  i n t o  t h e  model t o  

t a k e  i n t o  account t h e  r i s k s  a s s o c i a t e d  w i t h  geothermal energy. Th i s  over- 

e s t i m a t i o n  of c o s t s  might r e s u l t  i n  t h e  exc lus ion  of a p o t e n t i a l  u s e  of 

geothermal energy. Another l i m i t a t i o n  i s  t h a t  t h e  p r i c e  of n a t u r a l  gas  is 

taken as t h e  p r i c e  of compe t i t i ve  (convent ional)  energy, b u t  n o t  a l l  u s e r s  

have access t o  n a t u r a l  gas. 

The o u t p u t  of the model i s  not a s u b s t i t u t e  f o r  d e t a i l e d  eng inee r ing  

des ign  s t u d i e s  bur  i t  is  u s e f u l  f o r  determining order-of-magnitude c o s t s  

and p o t e n t i a l  b e n e f i t s  of geothermal energy development. 
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